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TREMENDOUSLY HELPFUL 

Here, in one great, brand� 
new volume is EVERYTHING YOIl 

need ·to know to do ANY job in o. 
around your home -repairs, alter­
ations, improvements, and new 
projects. 

JUST A FEW OF THE PRACTICAL JOBS FULLY DESCRIBED 

How to choose the right paint for 
every job 

Figure the quantity of paint needed 
Paint a house-inside and outside 
Care for brushes 
Refinish or "touch up" an auto 
Paper a room 
Put glass in windows 
Replace a sash cord 
Shingle or repair a roof 
Screen in a porch 

. 

Tighten a loose chair, floor board, 
stair tread 

Fix a window, door, or drawer that 
sticks 

Fit screens, storm windows, doors 
Build a chicken house, cupboard, 

workbench, cold - bed frame, stor­
age cabinet 

Cut, drill, grind, solder, temper, and 
forge metal 

Measure, cut, thread, join, and as-
semble pipe 

Fix leaks in faucets and valves 
Thaw frozen pipes 
Install a hot-water heater 
Make a flagstone walk, a sidewalk, 

a wall, concrete steps, a shuffle­
board 

Build a brick fireplac� 
Jpstall \;lass block� 

Install a call-bell system, a front­
and-rear-door system, a door-opener 

circuit, or a burglar alarm 
Locate a short circuit 
Repair electrical equipment and ap­

pliances 

YOU need this Book 
• HOME OWNERS! It will help you 
repair, fix up, and redecorate. 

• FARMERS! You'll find thousand. 
of how-to-do-it instructions for im­
proving your buildings. 

• REPAIR MEN! It will help you 
work more efficiently, profitably. 

• BEGINNERS! You need no previ­
ous experience to fo\low these steo­
by-step clirections. 

• HOME WORKSHOP OWNERS I 
You'll find thousands of new ideas, 
ukinks," practical projects. 

• HOBBYISTS! You'll get a great 
kick out of the hundreds of Utricks 
of the trade," ingenious short cuts, 
helpful hints. 

• EX-SERVICE MEI\!! You'll find . it of 
great help in remodeling a house. 
".farm, a plac.e of busin�"_ 



COMPLETE INFORMATION ON EVERY PRACTICAL TRADE 
The "oole every home owner has dreamed of 

MASONRY 
Jrn to this comprehensive HANDBOOK with confidence. You will 
nd its helpful pages crammed with the latest, most efficient and 

I< I'k f d . k' d f' b b h h 
Answers every practical question about con-'or _ man I e ways 0 olng every In 0 10 a out t e ome crete, plastering, stuceo, brick work, con-

nd in the home workshop. Carpentry, metal work, electrical crete-block and glass-block construction. 
Describes all tools, and just how to use them. 

'ork, plumbing, masonry, painting and decorating-all explained How to specify materials and estimate quan-

f Th I h tities. How to build forms; mix concrete, 'f master cra tsmen, e most detai ed information about ow color it, make it watertight, finish it off; how 

) choose, repair, and apply the right materials in the right places. to build walls, floors, steps. All the sure 
methods and special ways of working by 

Every move in the use of tools is shown by vivid hands-at-work which the master mason assures good results. 
Everything about plastering-from small re-

notographs. All the important operations, and those IItl'icks of pairs to doing entire rooms. Complete instruc-

t d II th ti t rt ' d ft h' tions for stuccoing-reinforcing, methods of Ie ra e a p ay so grea a pa m goo cra smans IP, are applying different coats, and how to obtain 
)(plained and made crystal clear by detailed step-by-step draw- v�rious de�orative fi

,
nishes. 

, . , , / -� Kmds of bnck-handlmg and 
tgs, Complete directions, fully Illustrated, for thousands of lobs, � -�� laying. Mixing and colori.ng 

nail and large-from fi�ing a broken windowto installing a I � �h
o::::: .:-;���n�� 

of-water heater' from varnishing a chair to painting a house ..... � construction. V�ri-, ' �  � ous bonds. Formmg 

AINTING & DECORATING 
-inciples of paint mixing, formulas, and how 
obtain any desired hue. Full directions for 

.ection and care of brushes and other equip· 
,nt. How to calculate amount of paint reo 
.ired, and best methods of applying to wood, 
etal, brick, concrete, stone, stucco, plaster. 
cterior house painting-interior house paint· 
�-choice of color schemes. Complete di­
:tions, fully illustrated, for obtaining dec· 
�tive effects-stippling, mottling, textur­
t, stenciling, striping, etc. Methods of 
.ishing with stain, shellac, varnish, and 
ix. Proper stains for each variety of wood. 
!tailed step-by-step instructions for wall­
pering. How to finish an auto, quickly, 
sily, and inexpensively. 

'OODWORKING 
.e many varieties of wood and their rela­
re merits, working qualities, and uses. 
ywoods, veneers, and wood substitutes­
w to choose the materials best suited for 
e job. Sizes, types and functions of all 
rpentry tools - how to use, sharpen, and 
Just them. All the basic operations and 
3cesses of woodworking-everything from 
w to avoid warping to full directions for 
tting each of the common joints. Wood 
rning-the different cuts, roughing, facing, 
�ding and finishing; drilling, boring, mor­
ing, spinning, polishing. Hundreds of re­
ir jobs and new constructions-inside and 
tside the house-are fully explained with 
.grams and every practical fact you need 
get the best results. 

METAL WORKING 
Complete information about 
the common metals, and the 
alloys-wrought iron, cast 
iron, steel, German silver, 
pewter, the brasses and 
bronzes, solders and babbitts 
-when to use, how to use, 
and how to work them. 
Hand tools and machine 
tools-their specific purposes, 
sizes, and the most detailed in-
structions for their use. Hints, ideas, 
and "tricks of the trade." How to use 
the engine lathe. Metal jobs and projects 
for home and shop, complete with bill of 
material, equipment needed, and a fully il· 
lustrated account of every step in the work. 

PLUMBING 

The various kinds of pipe, pipe fittings, valves, 
and fixtures. All the common plumbing tools 
-types, sizes, functions, and how to use 
them. How to cut, ream, thread, and assemble 
iron and brass pipe. How to connect copper 
tubing and make lead joints. The technique 
of pipe fitting, and the proper sequence of 
steps in assembling a piping system. House· 
hold plumbing projects-installing a hot­
water heater, radiator, and various other 
units. How to drain a plumbing system when 
closing the house for the winter. How to fix 
leaks in faucets and valves, repair a faulty 
section of pipe. The cleaning, and mainten­
ance of each part of the plumbing system. 

... ' cross joints. Fire­
place construction. 
Working with con­
crete blocks--build­
ing the wall, corner 
construction. Kinds 
and sizes of glass 
blocks. Glass-block 
construction-mor­
t a r ,  f u l l·m o r t ar 
joints, set-in-wood 
construction. 

ELECTRICAL WORK 

Practical information about every electrical 
job the home mechanic may undertake around 
the house or in the home workshop. Principles 
of electricity-volts, amperes, ohms. Gener­
ation of electricity. Electrical energy and 
power. Fuses and circuit breakers. Parallel 
and series circuits. Standard electrical sym­
bols. Tools, materials, and requirements of 
National Electrical Code. Complete, fully 
illustrated explanations of every step in vari­
ous operations of general electrical work­
splicing, soldering, taping, testing, etc. In· 
stallation of various signalling systems-bells. 
buzzers, and alarms. Wiring methods for 
power and lighting circuits. Complete projects 
for the home, such as BX wiring a room, and 
wiring a garage in conduit and BX. Portable 
appliances-fans, mixers, clocks" heaters, 
radios. Fixed equipment-oil burners, re­
frigerators, lighting plants, pumps, motors, 
generators, and control devices; all clearly 
described, with practical suggestions and h;nts 
for trouble shooting and adjustment. 

r----- MAIL THIS COUPON -----, 

Examine this Great Book FREE! 
.e coupon at the right will bring you a copy of The 
)me Mechanic's Handbook for ten days' examination, 
tirely free. Look it over, spend some time with it, and 
cide for yourself whether or not you want to keep it. 
,less you are convinced that The Home Mechanic's 
�ndbook is the most useful book you have ever seen, 
U may return it to us and owe nothing; or you may 
ep it by making a down payment of $1.95, plus 
'ew cetfts postage, and the balance in two monthly 
yments of $2.00 each, ($5.95 plus postage). But send 
the coupon NOW! The supply is definitely limited. 
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D. Van Nostrand Co., Inc., Publishers, 250 Fourth Avenue, New York 3, N. Y. 
Please send me a copy of THE HOME MECHANIC'S HANDBOOK. Within 
10 days I will either return the book, or send you $1.95, plus a few cents postage, 
and $2.00 a month for two month. until the total price of $5.95, plus postage, i. paid. 

(If you send the entire amount of $5.95 with this coupon, we willpay the post­
age. Same return privilege and refund guarantee if not com.pletely satisfied.) 

Name 

(Please print) 

Address 

City State 

(Zone No., if you know it) 

Reference 

I Address 
SA-945 �------------------------� 
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CRlATlVl 
optical engineering 

Individual or manufactur­

mg problems involving 

the use of precision op-

tical elements - instru­

ments, mirrors or ophthal­

mic lenses will receive 

immediate attention by 

capable optical engineers 

in our Post War Planning 

Department_ We invite 

your inquiries_ 

Wm. MOCIf & SONS, INC. 
Established 1882 

PLAINFIELD NEW JERSEY 

The original hand tool and today's finest 

for precision work on any metal, aHoy, 

plastic, wood, horn, bone, glass, etc. 

Fits your hand comfortably, because it's 

perfectly balanced and weighs only 12 
ounces - it's the "non-fatiguing" tool. 

Handee's usefulness is as extensive as the 
number of quick and easy-to-change ac­

cess'odes you own • .. . choose from more 

than 300 in the Chicago line. Operates 

on AC or DC current at 25,000 r_p_m_ 

With 7 Accessories, postpaid, $18_50_ 

Handee Kit - Handee Tool and 45 useful 
accessories in strong case. Postpaid, $25.0 0. 
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Write for new 64-page catalog. 

CHICAGO WHEEL & MFG. CO. 
1101 W. Monroe St., Dept. SA, 

Chicago 7, Ill. 

Scientific Allierican 
----------- Founded 1845,-----------

Subscription Rates: 

ONE YEAR-$4 
TWO YEAR5-$7 
THREE YEAR5-$lO 

WHEN you change your 
address, please notify us 
immediately, giving your 
OLD as well as your NEW 
address. 

Our Cover: After being 
heated to 2700 degrees, 
Fahrenheit, optical glass 
is maintained at this level 
for about 14 hours. The 
temperature is then grad­
ually lowered to 2200 de­
grees and the molten glass 
is poured on a rolling table 
and rolled to a sheet of 
uniform thickness, prior to 
annealing. See article start­
ing on page 137 for his­
'.orical details on glass. 

Cover photo was taken 
with a Bausch and Lomb 
anti-reflec tion surfaced 

photographic lens to elimi­
nate flare caused by re­
flection due to intense bril­
liance of the molten glass. 
Photo used by courtesy of 
Bausch and Lomb Optical 
Company. 
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new discovery 

s rust from steel? 

O
F COURSE the protection of steel against rust is not 

new. But a discovery that bans rust from steel 
-years longer; than ever before possible-that is 
news indeed! 

Yes, there is such a discovery. It is CORRONIZING, 
a phenomenal new alloy "armor" for steel that may 
soon bring you washing machines, automobiles, 

water heaters, tools, dozens of steel products with up 
to 4 times longer life than any you've ever owned! 

The reason? CORRONIZING can defy every pos­
sible source of corrosion and outlast any other rust­
protective coating known to man! This has been 
proved by hundreds of scientific tests and actual use 
in the war, in every kind of climate. 

Soon America's more progressive manufacturers 
and retailers will be able to bring you products with 

the sensational advantages of "Corronized" steel. 
Motor car makers-always in the forefront of prog­

ress-may be among the first to bring you CORRO� 
NIZING, in the new model cars. 

Rust robs Americans of a billion dollars annually. 
Thanks to CORRONIZING, you will be able to foil 
the robber rust ... get up to 4 times the service for your 
money in the wonderful new products made of steel. 

Standard Steel Spring Co. 
ORIGINATORS OF 

CORRONIZING 

Quick Facts for 
Manufacturing and Sales Executives 

Do rwt confuse CORRONIZING wit" other metal coattngs. 
This patented process provides a permanent alloy "armor" 

with 5 layers of defense against corrosion! It becomes part 
of the steel base • . .  can be worked in any manner. Permits 

using lighter materials by prolonging steel's period of great­
est strength. Write for samples and complete information. 

STANDARD STEEL SPRING COMPANY 

CORAOPOLIS, PENNSYLVANIA 
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Previews of the 
RESEARCH TOM O R ROW 

MUCH in the news these days is the subject of scientific 
research and its application to industry in the future. In 
November of 1944, President Roosevelt asked Dr. Vannevar 
Bush , Director of the Office of Scientific Research and De­
velopment , to make recommendations regarding ways in 

which scientific knowledge can best be made available to the 
world, ways in which the Government can aid research ac­
tivities of public and private organizations , and ways in 
which scientific talent of American youth can best be pro­
moted to assure the future of scientific research. 

In July of this year Dr. Bush transmitted his thoughts , and 
those of a number of distinguished committees who collabo­
rated with him , to President Truman. The complete report , 
presented under the title "Science , the Endless Frontier , "  
should be read by every business man in the country. It is 
thorough -going and pains -taking in detail , and the general 
tenor of the whole report can be sounded by quoting the 
following paragraph from it: 

"The most important ways in which the Government can 
promote industrial research are to increase the flow of new 
scientific knowledge through support of basic research , and 
to aid in the development of scientific talent. In addition , the 
Government should provide suitable incentives to industry 

to conduct research , (a) by clarification of present uncer­
tainties in the Internal Revenue Code in regard to the de­
ductibility of research and development expenditures as 
current charges against net income , and (b) by strengthening 
the patent system so as to eliminate uncertainties which now 
bear heavily on small industries and so as to prevent abuses 
which reflect discredit upon a basically sound system. In 
addition , ways should be found to cause the benefits of basic 
research to reach industries which do not now utilize new 
scientific knowledge." 

In other parts of the report , some may find implications of 
proposed socialization of research activities. If this be true , 
then industry must beware. Governmental red tape , the lack 
of incentive bred of bureaucratic sinecures , and the tendency 
toward playing politics on the part of governmental em­
ployees are not at all conducive to progressive and aggressive 
research of the type that has placed American industry in its 
present enviable position. 

Whatever implications may be read into the report ren­
dered by Dr. Bush , it should be encouraging to note an in­
creasing realization in all quarters that industrial research is 
necessary and that it must be pressed forward at all cost if 

the nation as a whole is to prosper. But it must not be for­
gotten that a vast proportion of the research which has made 
our nation what it is today has stemmed directly from in­
dustry itself , fostered by what some people still sneeringly 
refer to as the profit motive. 

The profit motive has its faults , it is true , but it has built 
in the United States the most powerful industrial nation in 
the world. It has reduced mass -production -with its at­
tendant material benefits -to almost an exact science. At 
the same time it has made possible , directly and indirectly , 
much of the pure or fundamental research which has con­
tributed so largely to cultural progress -and which , in turn , 
has completed the cycle by contributing in large measure to 
the furtherance of private industry and of the same profit 
motive that gave it birth. 

We think that a brighter side of the whole subject of the 
future of research lies in the recent announcement by Gen­
eral Motors of its Technical Center where post-war research 
in all its aspects will have the objective of providing more 
and better things for more people. Here is a promising view 
of a not too distant horizon where one segment of one in­
dustry will work toward providing an economy of plenty 
that will benefit not only its own selfish profit motives but 
will spread these benefits over the whole face of the nation 
and of the world. 

What this one segment of one industry can do , under the 
.e.merican profit system , every other segment of every other 
industry can do , each in proportion to its size and potential 
productivity. If each segment does its own share the total 
aggregate will eventually equal and surpass even'the enor -
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Industrial Horizon 

mous possibilities of  Government -sired and Government­
sustained research. And the incentive that goes with private 
industry will be there , ever spurring onward toward greater 
accomplishments. 

BELTS CAN CAR RY I T  

FORWARD-LOOKING engineers see on the horizon a time when 
conveyor belts will do a far greater number of jobs than they 
are doing today. In coal and copper mining , belts large and 
small have proved themselves; in coal mining , belts are mak­
ing serious inroads on the electric locomotive method of 
handling coal. It is estimated that today more than a million 
and a half feet of belting is used for this work but even this 
vast footage handles only a small fraction of the coal produc­
tion of the nation. So satisfactory are the belts , however , 
that it is predicted that , within a few years , 80 percent of the 
coal mined underground will be removed from the mines 
on belts. 

But the surface of the conveyor -belt business has just been 
scratched. Belts are being used increasingly to transport 
raw materials in factories , and this phase will increase in 
importance as possibilities are explored more thoroughly. 
In the meantime , engineers are again toying with the idea 

of moving people from point to point on belts. If the bugs 
can be worked out , and the people can be adequately pro­
tected against accident , this transportation method should 
have great appeal , particularly for moving passengers from 
waiting rooms to planes and trains , workmen from parking 
lots to their benches , and the like. 

FACS I M I LE 

ONE OF THE oldest forms of communication by electricity is 
facsimile , in which an exact copy of a message , picture, com­
plicated sketch , or what -ever is reproduced at a point distant 
from the transmitter. However , technical difficulties have 
beset the paths of facsimile engineers , with the result that , 
despite earnest effort , success was slow in coming. Facsimile , 
offering advantages of highly accurate transmission, extreme 
speed , and a permanent record of the communication , has 
received great impetus during the war. It has been used to 
send maps , orders , photographs , and other military informa­
tion by wire and radio. 

Facsimile differs from wire -photo methods of communica­
tion in that facsimile builds up a copy at the receiver by 
direct electrical action on paper; in wire -photo the receiving 
action is photographic and a darkroom and attendant equip­
ment are required. 

Present plans for the future of facsimile include units for 
inter -office communication and for attachment to home 
radios. The latter , of course , presupposes a transmitting 
set -up that would make ownership of a home facsimile unit 
desirable. 

FO R FUTU RE REFERENCE 

A HOME dishwasher , t o  sell for about $75 , i s  reported t o  be 
ready for near -future manufacture . . . Complete , assem­
bly -line -built houses of three rooms and bath , that will sell 
for $2000 or less , are being made in a Goodyear pilot plant ... 
Link these houses with "prefabricated " dinners , on plates 

that are designed to be used and thrown away; meat and 
vegetables , tastefully arranged , are partially cooked then 
frozen; just heat and eat. ' 
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With the new RCA lifeboat radio, ship,vrecks need no longer take a terrible toll of lives. 

I two-way radiophone-for lifeboats! 

re's when a telephone comes in rather 
ndy ... when you can "get your party" 
d hear "We'll be there to get you in a 
Jple of hours!" 

With the new RCA compact lifeboat 
lio, that's exactly what happens. A kite, 
a balloon, takes the antenna up 300 feet. 

Turn the power-generating cranks and 
t goes an SOS-along with a direction­
der beam so shore stations can figure 
,w exact location. 

But even more amazing, shipwrecked 
lriners can talk with the men on their 
. y to the rescue. They can "pick up" ships, 

airplanes, and that wonderful place called 
" land "-even if it's 1000 miles away! 

Endless research, such as went into de­
veloping this lifeboat radio, goes into all 
RCA products. 

And when you buy an RCA Victor radio, 
or television set or Victrola, you enjoy a 
unique pride of ownership in knowing that 
you possess one of the finest instruments 
of its kind that science has achieved. 

Radio Corporation of America, RCA 
Building, Radio City. New York 20 . • Lis­
ten to The RCA Show, Sundays, 4:30 P. M., 
E. W. T., over the NBC Network . 

Joseph McDonald and Donald Kolb 
(holding balloon) are the Radio­
marine engineers who developed 
this lifeboat radio. Here is the bal­
loon that is inflated with helium 
and carries the antenna as high as 
300 feet into the air . 

• RADIO CORPORATION 0' AMERICA 
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50 Years Ago in 

(Condensed from Issues of September, 1895) 

NIAGARA POW E R  - " After almost five years of work and the 
expenditure of over $3,000,000, Niagara Falls are now being 
utilized for power. The monster 4,000 horse power dynamos 
of the Cataract Construction Company are now sending out 
electricity for commercial use. The first power was delivered 
to the works of the Pittsburgh Reduction Company at 7: 30 
o'clock , August 26, when dynamo No. 2 in the construction 
company's power house was set in motion. At the reduction 
company's works there were about a dozen men at work and 
the pots used in the making of aluminum are being tested 
by them. " 

FORESTRY - " Farmers throughout the United States are 
making a mistake when they fail to plant trees on all their 
land not suited to crops , and along their lanes , fences, and 
highways. Without any other expense than that of planting 
the young trees they could provide for fine rows of mapl e , 
oak , pine , birch , hickory , walnut , and other trees on their 
farms , all of which would be increasing in value every year. " 

F R E I GHTER- "The twin screw Whit e Star steamship Georgic, 
Captain Smith , finished her maiden trip to this port , August 
26. She is the biggest freighter in the world , and probably 

the swiftest , being able to make thirteen and a half knots. 
She was built at Belfast by Harland & Wolff , and measures 
10,077 tons. S he is 538 feet long, of 60 foot beam , and 40 

feet deep. " 

TRANSPORTATION - "The whole of the tonnage on the oceans 
of th e world last year was about 140,000,000 tons , v/'de 
the tonnage of the railways of the world , carried 100 mii2s, 
was about 1,400,000,000 tons. There are 400,000 mil es of 
railroad in the world , of which 180,000 are in the United 
States. Of the 1,400,000,000 tons' carried 100 miles hst year 

on the railways of th e world , 800,000,000 tons were carried 
on the railways of the United States." 

SOU N D  STU DY - "Voice analys�s is recorded by making a 
resonator for the fundamental and overtones so as to sound 
in sympathy , and to cause tiny gas jets to flicker. These 
variations have hitherto been drawn by hand , but now 
they are photographed by a swiftly moving camera , so as to 
make a perfectly accurat e record. Practically this invention 
is very useful in analyzing the voices of singers or speakers, 
and determining at once where they need improvement." 

I NVENTION - " No b etter examples of the importance of 
small things can be found than among the records at the 
United States Patent Office , in Washing ton. There are to be 
seen certain small objects which , by a lucky turn of affairs 
or , perhaps , by the ingenuity of the inventors , have become 
known throughout the world , and have been the means of 
filling the pockets of both the inventors and their repre­
sentatives. In fact , it would seem as if inventors of small 
objects have sometimes been far better paid than skilled 
mechanics and engineers who have spent months and years 
in perfecting elaborate mechanisms." 

WOOD PULP PINIONS - "The great development of electrical 
mechanism during the past few years has caused engineers 

and mechanics to give special attention to anything con­
nected therewith. It has been found that an objection to 
nearly all electrical power apparatus is the extensive vibra­
tion of the gear wheels , which in almost every instance re­
volve at a higher rate of speed than in ordinary machinery. 
. . .  Compressed rawhide pinions and cogs made from same 
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material have been adopted with some success. Even this 
material , however , has its drawbacks , all of which ar e 
claimed to be done away with by combining wood pulp w"th 
the same. " 

FRUIT I N  GLASS - " A  new vacuum process of canning fruits 
in glass has lately been introduced from Europe among th e 
packers of the Pacific coast . . .  All the deleterious gases gen­
erated in cooking the fruit , and even the air , are extracted 
under this new process , so that fermentation is reduced to a 
minimum. " 

BELLS - " Church bells are , with but little variation , made 
of copper and tin , in the proportion of copper 78 parts , tin 
22 parts. Bell founders claim that all additions of gold and 

silver , etc., are of no practical value . . .  The flasks whereon 
and wherein the mould is mad e consist of two parts , con­
structed of boiler iron , of a general bell form , and plentifully 
perforated with holes for escaping gas while casting , one 
being so much less in size than its fello w as to give space 
for the loam forming the mould between the two. No 'pat­
tern ,' as the term is generally used , is provid ed. The two 
parts of the mould are 'swept' by 'formers ,' accurately fin­
ished from thin iron to the form intended for the inner and 
outer surfaces of th e bell. . . The melted bell metal being 
ready , the furnace is tapped , the bright stream caught in a 
huge ladle swung over the mould by a crane and poured into 

the open mouth of the mould till it is filled . . .  Aft er cooling 
and removal from the mould , the bell is usually polished 
with sand and water in special revolving grinding machines. " 

F I RE -CYCLE - "The New York Fire Department has under 
consideration the construction of a bicycle chemical engin e 
for use in the up-town and suburban districts. The plan 
proposed contemplates a light chemical engine of from 30 
to 40 gallons capacity , which will be propelled by four men , 
which would make much better time than the horses do. 
Out of 1,100 men in the fire department , 300 now ride bi­

cycles." 

ROADS - "The total length of the common roads in this 
cQuntry , good , bad , and indifferent , is estimated by Gen. 
Stone , of the Road Bureau of the Department of Agriculture , 

at something over 1,300,000 miles. The majority of these roads 
have been opened by common laborers hired by county 

supervisors , and no engineering principles have been ob­
served in their construction. As a result , it costs more to 
keep them in repair than if they were so many finely 

macadamized r02ds." 
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THE BIRD WITH THE IS-MilE TAIL 

Ie wire you see with the parachute on 
e end of it is a telephone wire, being 
,.yed out from a C-47 cargo plane. 
Bell Telephone Laboratories, work­
g with the Air Technical Service 
)mmand of the Army Air Forces, de­
loped this idea. It will save precious 
res and time on the battlefield. 
A soldier throws out a parachute 
th the wire and a weight attached_ 
Ie weight (lrops the line to the target 
ea. From then on, through a tube 

thrust out the doorway of the plane, 
the wire thrums out steadily - sixteen 
miles of it can be laid in 6 2/3 minutes. 
Isolated patrols can be linked quickly 
with headquarters_ Jungles and moun­
tain ranges no longer need be obstacles 
to communication. 

This is in sharp contrast to the old, 
dangerous way. The laying of wire 
through swamps and over mountains 
often meant the transporting of coils 
on the backs of men crawling through 

jungle vegetation, and in the line of 
sniper fire. It is reported that in one 
sector of the Asiatic theater alone, 41 
men were killed or wounded in a single 
wire-laying mission. 

Bell Telephone Laboratories is han­
dling more than 1200 development 
projects for the Army and the Navy. 
When the war is over, the Laboratories 
goes back to its regular job - helping 
the Bell System bring you the finest 
telephone service in the world. 

BELL TELEPHONE LABORATORIES 

�Ioring and inventing, devising and perfecting for the Armed Forces at war and for continued improvements and economies in telephone servico. 
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The Research Laboratory of the Libb 
Owens-Ford Glass Company in Tole 

THIS IS WHERE WE TEACH GLASS TO DO NEW THING 
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If visibility were the sole purpose of glass, achieve­
ments of past decades in producing glass that is 
flatter, clearer and freer from imperfections would 
be enough-and scientists in the glass laboratories 
could rest on their laurels. 

But engineers saw in glass far greater potentialities, 
far more benefits than those resulting from its ordi­
nary uses_ And so they found ways to make glass do 
new jobs-and do old jobs better. Their efforts have 
made glass more versatile than is commonly realized. 

Could glass be made to withstand great thermal 

shock, impact and heavy loads? It could . . . and 
out of the laboratories came Tuf-flex, the L·O·F 
tempered glass of amazing strength_ 

Would it be possible to have window walls to 
"open" rooms to sunshine and view without exces­

sive heat loss? It was .. . and L'O'F developed 
Thermopane, the hermetically-sealed, multiple-pane, 

glass insulating unit, suitable for all building types_ 
Could glass be made to let in daylight, yet block 

out most of the infrared rays of the sun? Now it's 
an actuality-L'O'F Heat Absorbing Plate Glass _ 

A glass to reduce fading? Yes, L'O'F Golden Plate. 

Glass in special shapes? L·O·F has moulded thou­
sands of bends. Glass in transparent and opaque 

colors? Yes, a wide variety of colors for unusual 
decorative effects. Even laminated glass? L·O·F has 
laminated millions of square feet of glass with plas­
tic, producing Safety Glass for motorcars, planes, 
trains and ships. These and many other modern 
glasses typify the industry's progress. 

Research has improved glass through the years, 
broadened its services and pointed to better things 

ahead. Glass technology has never stood still _ . • 

and never will. LibbeY'Owens'Ford Glass Company, 
3095 Nicholas Building, Toledo 3, Ohio. 

LIBBEY· OWENS • FORD 
a 9n.eat'j1I� m GLASS 

S C I ENT I F I C  AMERICAN SEPTEMBER 19; 



Scientific Anle .. ican 
SEPTEMBER • 1945 

Steps in making sheet glass in an early American plant 

Light and Progress 
By JEROME CAMPBELL and A. P. PECK 

Glass, Material oj .�Iany Uses, Has Extended Man's 

Sight Into the Far-Off Universe and Into Micro­

scopic Worlds. At the Same Time it Has Served 

Utilitarian Pu,-"poses in the Home and in Industry. 

Strangely Enough, it Was One of the Last of Pres­

ent-Day Materials to be Adapted to Mass·Produc­

tion Methods and Hence Put to Wide Use 

To SHELTER his body from the rigors of climate, man 
has had to erect walls around him and build a roof 
over his head. And glass, man's creation, allows 

him to admit light into his dwellings, while maintaining 
the protection of his shelter. 

But glass does far more than this. To impaired eye­
sight glass brings vision so that the printed word is 
made clear. Glass made into telescope lenses and mir­
rors opens to man the enormous vistas of the heavens 
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and makes known to him the complexities of outer 
space. 

In an opposite direction glass also enriches man's 
understanding. Cunningly made into microscope lenses 
it reveals the swarming life too small by far to be seen 
by his unaided eyes. Bacteria and other micro-or­
ganisms, causes of death-bringing ailments and also 
sources of strength and health, are observed by him. 
By means of glass he learns how to check the harmful 
power of these organisms, invisible to the naked eye, 
and how to make use of their power to do him good. 

When man began to make glass no one knows. Pliny 
offered the plausible explanation that it was discovered 
accidentally by the fusion of sand and soda in cooking 
fires. Whether this is true or not, it was during the 
great civilization of ancient Egypt that the making of 
glass, first as a glaze on pottery and later as a trans­
lucent and transparent material, emerged among human 
activities as an art and an industry. 

The invention of the blow pipe sometime near the 
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Grinding plate glass in the 1880's. The rough plates, 
trimmed to best advantage, were mounted in plaster of 
Paris on the revolving table of the grinding machine 

beginning of the Christian era, probably by Phoenician 
glass workers, enlarged the scope of glass-making 
greatly. It stimulated the development of clear trans­
parent glass, and glass blowing became a great indus­
try in the leading cities of the Roman world during 
the first four centuries of the Christian era. 

Skipping over the development of stained glass 
windows, the famous Venetian glasses, and so on, it is 
found that during the 17th Century important progress 
was made in the manufacture of glass. In 1612, Neri 
published in Florence his work on glass technology, 
L'Arte Vetraria, translated into English in 1662: It was 
the first work on the chemistry of glass and has since 
come to be one of the classics of glass technology. It 
served as a source of information that contributed to 
the progress in glass making during the next hundred 
years. 

The craft of glass cutting was greatly improved in the 
early years of the 17th Century by Caspar Lehman and 
his follower, Schwanhardt. An Englishman, George 
Ravenscroft, made an important contribution to glass 
technology by inventing flint glass in 1675. He used lead 
oxide to give this glass its features of great brilliancy 
and relative softness that make it adaptable to form­
ing . and decoration. An additional important step for­
ward in glass manufacturing was taken in 1688, this 
time in France, when Louis Lucas invented the process 
of casting glass. 

The 18th Century, the great "age of enlightenment," 
was marked by intense intellectual activity that bore 
fruit in advances in thought and in politics, culminating 
in the New World in the establishment of a free United 
States, and in Europe in the French Revolution; it was 
also marked by the development of optical glass. This 
the world owes to Pierre-Louis Guinand, a Swiss (1748-
1824), who in 1790 worked out a method of producing 
it. He and his descendants found that by stirring the 
molten ingredients, and by annealing the glass, they 
could produce an optical glass substantially free from 
the imperfections that impair refracting qualities. 

Guinand and his sons established a dynasty of optical 
glass makers whose activities spread from Switzerland 
into Germany and France. One of Guinand's great­
grandsons, Edmond Feil, in 1893, set up an optical glass 
plant in America at Lenox, Massachusetts, and at­
tempted to build up a business, but without great suc­
cess. 

AMER ICAN GLASS-Although the production of optical 
glass in the United States did not get started in a large 
way until World War I abruptly cut off imports from 
Europe, the manufacture of glass for utensils, orna-
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ments, and windows was actually the first industry set 
up by the English settlers in the new world. Among the 
first 70 passengers brought to the settlement of James 
Towne in 1608 by Captain Christopher Newport, at the 
instigation of the London Company, were eight Dutch 
and Polish glassmakers. A glass manufactory was 
established and some of its products were among the 
first exports from America in 1609. 

The main job of the glasshouse in James Towne 
was to manufacture window lights for the colonists' 
houses. The venture seems to have failed shortly after­
wards. Nothing more is heard about glass manufacturing 
in Virginia until 1621, when the London Company again 
tried to establish the manufacture of glass in its colony. 
In that year six Italian artisans were shipped across the 
Atlantic to make colored beads and similar gewgaws 
for trading with the Indians. Thus the second glasshouse 
established in America was also its first mint, for the 
glass manufactured for trading with the Indians was, in 
effect, currency. This glass-making attempt lasted until 
1623 and then collapsed. It passes at this point in time 
from the pages of history into oblivion. 

The next attempt at glass making in America was 
made in 1641 when Obadiah Holmes and Lawrence 
Southwick constructed a plant in Salem, Massachusetts, 
where it is believed they made window panes, bottles, 
pitchers, and lamps for a few years. 

Some years later the Dutch in Nieuw Amsterdam 
set up a glass factory and turned out glass for more 
than one hundred years until 1767. The earliest furnaces 
were built on Glass Makers Street, now William Street, 
center of the insurance business. Later, several furnaces 
were built farther uptown at the Glasshouse Farm on 
the banks of the Hudson River. The Jansen and Melyn 
families were active in these glass-blowing enterprises. 
Other Dutch artisans who made glass in Nieuw Am­
sterdam were J ohanes Smedes, Cornelia Dirksen, and 
Everit Duycking, who with his son, Gerrit, made 
America's first colored art glass for the windows of the 
Dutch Reformed and other churches in the colony, 

In 1739, Caspar Wistar, a German immigrant, sent to 
Belgium for four glass makers. He set up a small fur­
nace in southern New Jersey and manufactured panes 
for windows, as well as bottles and glass chemical ap­
paratus. After Caspar's death in 1752, his son Richard 
enlarged the plant and carried on the work until 1781. 
Many fine examples of this south Jersey glass survive 

Courtesy Corning Glass Works 
In 1879, in a glass "shop" like this, Corning blew a 
bubble for a man named Edison and thus began pro­
duction of incandescent lamp bulbs, now a mecha­
nized process producing up to 700 bulbs a minute 
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Why 109 Kinds of Optical Glass? 
Bending light to the will of 
man, making it  accomplish 
miracles, this is the job 
that optical glass does . . . 

, industry, science, medicine, and in the 
,rvice of our armed forces. 
Creating the required types of glass, 

Id adapting them to the thousands of 
"ecision operations they are to perform, 
the task of Bausch & Lomb, America's 

.rge scale producer of optical glass and 
Ie only company currently producing 
)9 kinds. 
Many, of these glasses may look alike, 

but to the optical expert each is  different. 
That difference is marked by specific 
qualities of refraction, dispersion, and 
transmission . . . the properties which 
determine how light i s  bent, broken up, 
and passed through a lens or prism. 

Only by having available all of these 
types of glass . . .  and the ability to create 
new types when needed . . .  has Bausch & 
Lomb been able to meet the optical in­
strument needs of science and industry 
in times of peace . . .  the needs of our 
armed forces for highly precise military 
optical instruments. These combined 

abilities . . .  to create and produce fine 
optical glass and to utilize its properties 
to the fullest advantage • . .  make B ausch 
& Lomb America's Optical Headquarters. 
Bausch & Lomb Optical Co.,  Rochester 2 ,  
New York. 

BAU S C H  & LOMB 
E S T A B L I S H E D  1 8 5 3  

akers of Optical Glass and a Complete Line of Optical Instruments for Military Use, Education, Research, Industry, and Eyesight Correction and Conservation 
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today in museums and private collections. These 
authentic examples of early Wistar glass are mostly 
what is known as "off-hand" blown glass. These are 
pieces that the workmen fashioned for their friends or 
families apart from their regular production. To the 
last run of glass in a pot, they often added a bit of 
coloring matter and then exerted their greatest skill, 
out of love for their craft, in blowing useful and orna­
mental obj ects. 

During these years glass furnaces were also estab­
lished elsewhere in New Jersey and New York. They 
turned out glassware largely similar to the products 
of the Wistar manufactory. It was sturdy and substan­
tial, yet graceful and well-balanced. 

The most beautiful glass in America was made by 
William Henry Steigel at Mannheim in Pennsylvania.  
Steigel, a German. came to America in 1750,  and is 
frequently referred to as "Baron" Steigel, although he 
was not a nobleman. He was something more important 
-an energetic and courageous American who made a 
great artistic and technical contribution to his adopted 
country. 

Believing that there was a need for fine glass in 

America, he constructed a . large glass plant at Mann­

heim and then went to Europe where he selected and 
brought back to America from many countries experi­

en ced glass workers including cutters, engravers, 

gilders, and etchers as well as blowers. The first run 

of glass was made in 1765, and, though everything 

seemed to point to success, the general depression pre­

ceding the Revolution, coupled with Steigel's  personal 

extravagances, caused the enterprise to fail. 

In 1784, the . struggling glass industry in America re­

ceived a stimulus to new life when 82 experienced glass 

workers left Bremen, Germany, and came to America. 

courtesy Pittsburgh Plate Glass Company 

Cylinder process of sheet-glass making, ultimate re­
finement of the old blow-pipe method. The cylinders, 
here about 30 feet long, are blown by compressed air 
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They set up a glass works at Frederick, Maryland, but 
the business soon collapsed. The failure of this venture 
and of Steigel's  ambitious glass-making enterprise 
testifies to the great difficulties that faced the infant 
glass industry in the newly established United States. 

Many of the German glass workers who had lost their 
j obs when the Maryland attempt ended, found work in 
glass plants that were springing up in the coastal cities 
or they crossed the Alleghanies to obtain employment 
in the glass furnaces being erected in Ohio, western 
Virginia, and Pennsylvania.  On a hillside along the 
Monongahela River near Pittsburgh, Maj or Isaac Craig 
in 1797 came upon an outcropping of coal. This discovery 
was of great importance to the future of the glass in­
dustry because it meant that coal would gradually 
supplant wood as fuel for the glass furnaces. Craig and 
James O'Hara constructed an eight-pot window and 
bottle glasshouse near the coal bank, and thus started 
the great Pittsburgh glass industry. 

THE 1 9TH CENTURY-The opening of the 19th Cen­
tury in the United States, then, found the glass industry 
small and weak, struggling against great difficulties for 
survival. There were many reasons for this lack of suc­
cess. Most important was a dearth of sufficient trained 
workmen. Another reason was the lack of roads in good 
enough repair to permit the safe distribution of glass 
products. There were no railroads in those days and 
the highways were far from smooth. Strong competition 
from Europe and heavy domestic taxation on glass ar­
ticles were additional factors working against the in­
dustry. 

The 19th Century was characterized in America and 
Europe by the mechanization of productive techniques. 
and the glass industry was caught up in the general 
tide. Throughout the eastern states, glasshouses multi­
plied, turning out household glass and window panes. 
Deming J arves, founder of the Boston and Sandwich 
Glass Company, set out to solve the secret, hitherto 
baffling to American glass makers, of compounding 
red lead or litharge which was necessary in order to 
manufacture crystal glass or lead flint capable of being 
cut in the English manner. In 1827, Enoch Robinson in­
vented the first crude pressing machine which was at 
once improved by Jarves. The invention was perfected 
by 1838 and pressed glass became popular throughout 
the country, although it did not become a familiar 
household commodity until about 1845. By that time 
America was exporting these machines to all . the glass 
centers of the world. The circle was closing. America, 
which only recently had been compelled to import its 
glass craftsmen from Europe, was now returning to 
the old world an improvement that was to become char­
acteristic of its development-a machine to speed pro ­
duction and reduce costs. 

SHEET GLASS-From the earliest days the maj or use 
of sheet glass has been in windows, and from the time of 
the Roman empire down to the beginning of the 19th 
Century the method of its manufacture remained essen­
tially unchanged. Known as the crown method, it con­
sisted of first blowing a hollow glass sphere with a 
blowpipe. To this a punty-an iron rod used to manipu­
late hot glass-was attached opposite the blowpipe 
which was then removed, leaving an opening in the 
globular mass. After being heated until it was very soft, 
the ball was rotated rapidly until centrifugal force 
caused it to flatten out into a disk. It was then removed 
from the punty, annealed, and cut into small sheets. At 
the center of every sheet was the "crown" or "bull's 
eye." Only small sheets of glass could be fabricated 
by this strenuous process. 

The crown method was entirely replaced in the early 
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ONE day the man in charge of research at 
Corning called in the man who writes 

these advertisements. 
"I think we're making a mistake in our ads," 
he said. "In these critical times, we should 
remind people that glass is a basic raw ma­
terial and that Corning makes many, many 
different glasses for many different kinds of 
jobs." 
It sounds almost unbelievable, but Corning 
has developed more than 25 ,000  glass form­
ulae. Every day chemists pour widely vary­
ing raw materials into rough clay crucibles 
to obtain more types of glass.  The results 
are to the glass maker what seedlings are to 

nurserymen. Some are discarded. Some are 
used. Some are combined to achieve the 
sought-after formula. 
This patient labor has led to such remark­
able discoveries as the Pyrex brand heat re­
sisting glasses . It  has produced glasses of a 
hardness that compares with steel. It has 
produced crystal as clear as dew. 
Corning is able to help in the war because 
its hundreds of research people are backed 
by over three-quarters of a century of ex­
perience in the hands of gl

.
as

.
s:v�rkers (­

who u n d e r s tand the pOSSIbIlItles of . 
this wonderfully v e r s a t i l e  m a t e rial .  . 
Maybe you can turn some of this 
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knowledge a n d  skill t o  a profit when your 
peacetime plans reach the blueprint stage. 
Corning Glass \Vorks, Dept. 5 9-S, Corning, 
New York. 

CORN IN G  
-----lll eans ----­

Re s earch in Glass 
1 4 1  



years of the 19th Century by the hand cylinder tech­
nique. This consisted of gathering from the tank enough 
molten glass on the end of a blowpipe to make a cylin­
der from 15 to 20 inches in diameter and from 50 to 70 
inches long. When the blower had formed a cylinder 
of fairly uniform surface thickness, the ends were re­
moved and the cylinder split and placed in a heating 
oven where it was softened and flattened with a wooden 
tool or hoe. After passing through a lehr (annealing 
oven) , the glass was cooled and cut into required sizes. 
Great labor and considerable skill was required in 
making window glass by this slow process. 

Up to the end of the 19th Century nearly all window 
glass was made by the hand cylinder method. Mechani­
zation began when J. H. Lubbers introduced a machine­
blowing process. In his machine, molten glass was 
poured from a ladle into a drawing pot. A circular metal 
bait about ten inches in diameter, on the end of a blow­
pipe, was dipped into the surface of the melt. By with­
drawing it slowly by means of an electrical hoist and 
applying carefully controlled compressed air, a continu­
ous cylinder was formed to a height of about 40 feet 
and approximately 30 inches in diameter. The subse­
quent work of splitting, flattening, annealing, and cut­
ting were the same as in the hand cylinder method. 
The production rate, however, was higher because the 
cylinders were far larger and could be blown with 
greater speed. 

But the great need in the production of window glass 
was a continuous method of manufacture. The undula­
tions and waves in window glass, the principal causes of 
distorted vision, could not be eliminated as long as the 
manufacturing process involved the flattening of glass 
cylinders. The problem was solved in the United States 
and abroad almost simultaneously. 

Emile Fourcault invented in Belgium a practicable 
machine for the continuous production of sheet glass, 
relatively free from waves. In America, Irving W. Col­
burn invented a similar machine that was put into use 
in 1917 in Charleston, West Virginia, by the Toledo 
Glass Company, later merged with the Libbey-Owens 
Sheet Glass Company. The Fourcault process was in­
troduced in America in 1923 by the Blackford Window 
Glass Company. About that time a third continuous 
process was developed by the Pittsburgh Plate Glass 
Company. 

A GREAT INDUSTRY-The fact that these automatic 
and continuous methods of manufacturing sheet glass 
had been developed at the cost of much laborious ex­
periment and the investment of millions of dollars 
meant that glass manufacturing had grown in the early 
decades of the 20th Century to be a great American in­
dustry. Its emergence as one of the giants of American 
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Left : Mixing a batch 
of glass ingred­

ients in an 
old-time glasshouse. 

Right : In a 
modern B ausch and 

Lomb optical 
glass plant, the 

batch is 
accurately weighed 

industrial development was the result of the rapid 
growth of a number of American glass-making com­
panies lead by energetic and intelligent men. Some ac­
count will be given later of the start and growth of the 
organization that is now the Pittsburgh Plate Glass 
Company. There were others of equal importance in 
the rise of American flat glass manufacturing. Out­
standing among these is the Libbey-Owens-Ford Com­
pany of Toledo, Ohio. The three men whose names are 
perpetuated in the company name were leaders, each 
in a different way, in the development of the American 
glass industry. Edward Drummond Libbey was a New 
Englander who moved his small glassworks from East 
Cambridge, Massachusetts, to Toledo in 1888. He was 
one of the most skilful and artistic producers of cut glass 
and his work was extremely popular during the nine­
ties when cut glass was greatly in demand. 

Son of a West Virginia miner, Michael J. Owens was 
a glass blower and labor representative in the Libbey 
factory. He later became superintendent and invented 
the Owens bottle machine in 1899. The third man who 
contributed greatly to the development of the present 
company was Edward Ford, son of Captain John B. 
Ford, America's pioneer plate-glass manufacturer. Ed­
ward Ford retired as president of an eastern glass works 
in 1896 and resolved to establish a glass works of his 
own. He saw in Toledo an ideal location for a glass fac­
tory, and he purchased 173 acres on the Maumee River 
where he established the model town of Rossford for his 
employees and constructed what was then the largest 
plate-glass plant under one roof in America. It had 
a capacity of six million square feet a year. This output 
was later doubled and is now many times greater. These 
three pioneering leaders of the glass industry died 
between 1920 and 1925 and their companies were merged 
in 1930. 

PLATE GLASS-The same difficulties that made the be­
ginnings of the sheet and household glass industry in 
America hesitant and precarious also attended early 
ventures in the manufacture of plate glass. In 1850, an 
attempt was made to establish American manufacture 
of plate glass on a stable and successful basis. A com­
pany was formed, certain European patents obtained, 
and a factory was built at Cheshire, Massachusetts. The 
business was later moved to Brooklyn where it faltered 
and died in 1856. 

Another group founded a plate-glass factory at Lenox, 
Massachusetts, importing for the purpose the best for­
eign equipment and utilizing the most advanced Euro­
pean techniques. Excellent plate glass was produced, 
equal to the best imported from Europe. Nevertheless, 
this company failed in 1871. Failure was also the lot 
of a plate-glass enterprise started in New Albany, 
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L E N S C OATI N G  means E V E N  
FIN E R Wollensak Lenses • • • 

A maj or wartime achievement i n  the field of 
optical glass, lens coating will increase the light­
transmission quality of many postwar Wollensak 
lenses. 

When you see the guarantee, "This instru­
ment has COATED OPTICS;' on your new 
Wollensak Photo Lens Prism Binocular, Ram­
bler Field Glass, or Vari-Power Scope, you'll 
know your lens will give sharper, more brilliant 
images . . .  h elp you get more fun from sporting 
events, hunting trips, vacation travels. 

After the war Wollensak instrum ents wtll 
again be available for sports lovers . . .  offering 
many new, improved features achieved by 
W ollensak skill and experience in precision 
manufacture. 

� R O C H E S T E R  

SEPTEMBER 1 945 • SCI ENTI FIC AMERICAN 

5 ,  N .  Y., U .  s .  A .  
\\ 

143 



Indiana, by Captain Ford. But Ford, who had made an 
intensive study of glass making in America and abroad, 
was convinced that plate-glass making in America had 
a future. With others, he formed the New York City 
Plate Glass Company, and in 1880 constructed a factory 
in CreightCCl, Pennsylvania. This enterprise later became 
the Pittsburgh Plate Glass Company and the factory at 
Creighton is now known as Works Number One of that 
corporation. 

Realizing that the success of the company depended 
upon attaining economy of operations through mass pro­
duction, its directors energetically commenced the de­
velopment of machinery for large-scale manufacture. 
This development in turn led to a tendency to recon­
struct the entire glass-making method itself . .  Until this 
time, American plate-glass makers had followed Euro­
pean processes and had used European machinery 
either ready built or made from foreign specifications. 

One of the first pr@blems tackled by the Pittsburgh 
company soon after 1895 was the development of a con­
tinuous process for the manufacture of plate glass. The 
method then in use consisted of melting the raw mate­
rials in pot furnaces, pouring the molten glass on water 
cooled tables made of cast iron, and hand rolling it flat. 
After these operations, the sheets of glass were manu­
ally transferred to fixed lehrs and later transferred again 
by hand to the fixed grinding and polishing lathes. This 

�J.ate UhtS::' ..... Oill ... aH) 
a glass cylinder by lung power, the only 

method used up to the end of the 19th Century. The 
helper at the right assisted in handling the cylinder 

method was time- consuming. Much labor and time was 
expended in the work of moving the glass from pot to 
rolling table, then to lehr, and later to grinding table. 

The first step in improving this lengthy process was 
the invention of a rod lehr to replace the fixed annealing 
lehr, and in a short time this in turn was superseded 
by a continuous roller lehr which cut annealing time 
from a matter of days to hours. 

There still remained, however, the laborious and 
time-consuming job of carrying the sheets of glass 
from the lehr to the grinding table and later to the 
polishing table. The solution was found in the installa­
tion of conveyor lines. A moving belt of metal table tops 
was arranged to convey the glass under rotating, grind­
ing, and polishing disks, thus making it possible to 
grind and polish the glass in a continuous manner. 
During the years between 1900 and 1920, the continu-
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ous conveyor system for both lehrs and finishing proc­
esses was constantly improved. This was achieved by 
further mechanization of the intermediate transfer 
steps, increases in the size of pots, enlargement of the 
capacities of lehrs, as well as improvements in grinding 
and polishing abrasives and in the manner of pouring 
the melt from the pots. 

One gap remained, however, to prevent a continuous 
mechanical production line from raw material to finished 
product. This occurred at the point where the molten 
glass was poured from the pots to the iron tables to be 
rolled into sheets. In 1921, this gap was bridged. Now 
plate glass is melted in large continuous tanks and flows 
from the refining end through a gate over a wide spout 
in a continuous stream, passing downward along an in­
clined plane between two water- cooled rollers. It 

Plate glass polishing in the 1800's. Weighted felt buf. 
fers were used and the whole surface of the glass was 
covered with rouge and water. The table reciprocated 

emerges as a flat ribbon of uniform thickness and width 
and is pulled by multiple rollers through the lehr. It is 
then cut and inspected before passing into continuous 
grinding and polishing machines. 

Continuous mass-production methods of manufactur­
ing plate glass permit an enormous output to meet the 
demands of the modern world for clear, strong, trans­
parent glass. Plate glass, once a rarity, is now used 
everywhere. Prior to 1889, about ten days were required 
to make a piece of plate glass from raw materials. The 
time has now been reduced to 22 hours after the raw 
materials enter the glass-making plant. The greatest 
size of the sheets is about 127 inches by 286 inches, 
while the range of thickness runs from Vs inch for 
automobile glass to 1 % inches for the heaviest plate 
glass. 

CONTAINER GLASS-During the years of growth of 
the sheet- and plate-glass industry in the United States, 
the manufacture of glass containers was also growing by 
leaps and bounds. The power behind this growth was 
the mechanization of the glass blowing process. In 1838 
a four-ounce cologne bottle made in a glass factory for 
the Reeves Drug Store in Boston was first blown in a 
clay mold and then stuck up on a punty, the shoulder, 
neck, and finish being shaped by the blower with a pair 
of shears, the bottle being reheated several times at the 
furnace while this was being done. A day's work for the 
blower was 216 bottles and his working day lasted 12 
or 14 hours. Today glass blowers turn out as many 
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lements with manufacturers whose postwar products will 

all for their use. In many cases Univis technicians will 

e able to help in the development of such products. 

Mirrors, spherical lenses and prisms of every desired 
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optical man:ufacturing ,industry. 

Get in touch witH Univis for counsel or collaboration 

on your postwar jllanufacturing plans. 

8 U Y M O R E . E X T R A W A 1( ' 8 O t;.l?ltJ. S I 

Un ; V;S I N S T R UM E N T  L E N S  D I V I $ / O N  

, H E U N V I S L E N  S 
) P Y R I G H T  1 9 4 5  

;PTEMBER 1 945 • SCI ENTI FIC AMERICAN 

C O M P A N Y  � D A Y T O N  1 "  0 H I 0 
1 45 



bottles in about three mlnutes, uSIng modern methods. 
Mechanization of bottle making received great impetus 

in 1882 when Philip Arboblast of Pittsburgh invented 
the first press and blow machine. His conception was 
later improved in the Teeple-Johnson machine which 
employed two turrets each carrying three molds. Still 
later developments lead to fully automatic press and 
blow machines of all kinds. A typical machine now in 
use has 12 blank and 12 blow molds all on one table 
which is operated mechanically. Compressed air actu­
ates a plunger and a vertical camshaft operates timing 
valves. 

Another of the , early steps toward complete mecha­
nization of bottle making was the suction or vacuum 
gathering device invented in 1899 by Owens. This was 
first installed on a machine having six arms, each 
equipped with a mold which, when placed over the rim 
of a revolving pot of glass, obtained its charge by suc­
tion. The gather was cut off by a shear sliding across 
the lower end of the mold. Individual dip machines with 
ten sections were later developed. In these, instead of 
having the whole machine raise and lower itself each 
time a mold was dipped into the pot, the individual 
blank mold was lowered as it passed over the pot, much 
as a horse dips its nose into a watering trough. Although 
many improved models of the Owens machine have 
been brought out in recent years, the fundamental 
principle remains unchanged: a fixed amount of molten 
glass is gathered by suction .. This kind of machine is 
used to produce about 30 percent of the glass containers 
made in this country and it has been adapted to manu­
facturing bulbs and tumblers. A later development was 
the "gob" feeding device of Peiler, an improvement on 
the Brooke flowing device invented in 1903. It delivers 
a

. 
large charge of molten glass of predetermined weight, 

SIze, and temperature. 
In the manufacture of glass specialties, such as 

tumblers, bowls, and tableware, mechanization, starting 
with the old side-lever press, proceeded rapidly until 
today fully automatic machines are used in conjunction 
with a continuous melting tank, a mechanical feeding 
device, and an automatic "take-out" for removing the 
ware. 

Another contribution to the increased productivity 

Court.eay 
At left, the "gaffer" ( finisher) has blown a bubble of 
molten glass and is shaping it preparatory to the final 
blowin" operation in the mold, as in picture at right 
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courtesy Bausch and Lomb Optical Company 
Making pots for optical glass by the old hand method. 

A newer method involves casting pot material in mold 

of glass manufacturing was the development of the 
paste-mold blowing machine which can turn out as 
many as 120 40-watt bulbs or 40 tumblers a minute. 
But the last word in automatic glass working machinery 
is achieved by the remarkable ribbon machine de­
veloped by the Corning Glass Works, primarily for the 
manufacture of electric light bulbs. Speeds of 400 to 600 
bulbs per minute are common and production has been 
raised at times to 700 per minute. 

The Corning Glass Works had its beginning in Sum­
merfield, Massachusetts, in 1851, operated in Brooklyn, 
New York, for a few years in the early 1860's, and 
moved to Corning, New York, in 1868. One of its earliest 
advertising signboards modestly proclaimed that it 
manufactured "plain pressed and moulded glass-ware of 
every description." By 1879 the Corning plant was pro­
ducing thermometer tubing, laboratory supplies, and 
railroad signal glass. That it had an important hand in 
early research and experimental work is evidenced by 
the fact that in 1879 a glass bubble was blown for 
Thomas A. Edison, starting the production of incandes­
cent lamp bulbs which culminated in the automatic 
machinery described above. 

From Corning has also issued much of the heat-re­
sisting glassware so important in industrial and labora­
tory processes, and equally valuable to the modern 
housewife in the form of glass cooking utensils. Their 
research facilities have contributed largely to the pro­
duction of other glass specialties such as toughened 
glass, glass fiber, and so on. In 1934 Corning successfully 
tackled the largest single job in the history of glass­
making-the casting of the 200-inch refractor for the 
giant telescope which, post-war, will make Mt. Palomar 
the Mecca of astronomers. 

OPTICAL GLASS-While the sheet-, plate-, and con­
tainer-glass industries were growing into maturity in 
the latter part of the 19th and early part of the 20th 
Centuries, another important branch of glass technology 
was struggling to get started in America. This was the 
manufacture of optical glass. 

Eight years before the thunder of the cannon at Fort 
Sumter announced the beginning of the bloodiest war in 
young America's history, two German lads who had left 
their native land to find greater freedom and prosperity 
in the new world, decided to go into the business of 
manufacturing eyeglasses in Rochester, New York. They 
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How ma ny' of th e s e  do yo u own ,,? 
If you look under your car, you'll probably 
find a couple of gadgets something like this 
one. 

They're shock absorbers. 

They take the sting out of sudden bumps 
and j olts.  They make a rough road 
smoother. 

A n d  if you're  wise, somewhere in your 
desk, or bureau drawer, or safe deposit box, 
you have a lot more shock absorbers. Paper 
ones. War Bonds. 

If, in the days to come, bad luck strikes at 
you through illness, accident, or loss of job, 
your War Bonds can soften the blow. 

If there are some financial rough spots in 
the road ahead, your War Bonds can help 
smooth them out for you. 

Buy al l  the War Bonds you can. Hang on 
to them. Because it's such good sense, and 
because there's a bitter, bloody, deadly war 
still on. 

. 

BUY ALl THE BOH OS YOU aAN • • •  

KEEP ALL THE BONDS YOU BU Y 
= 
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were John J. Bausch, a trained optical worker, and 
Henry Lomb, an ambitious young cabinet maker. The 
business grew rapidly even though Henry Lomb took 
time off to fight in the Civil War where his bravery and 
intelligence caused him to rise from the rank of private 
to captain. By 1875, the demands of the business required 

, the construction of a three-story factory building, and 
in the same year Bausch's three sons, Edward, William, 
and Henry, entered the firm. Of these, Edward was most 
active in developing the manufacturing of optical instru­
ments, and at his death in 1944, after 69 years of service 
to his company, was regarded as one of the foremost 
authorities on microscopes in America. One of his out­
standing achievements was the pioneering in the ap­
plication of mass-production techniques in the manufac­
ture of precision optical instruments. 

In this he had great success, and his success meant a 
healthier, more prosperous, and more enlightened 
America. A measure of his contribution can be found in 
the fact that six years before Bausch and Lomb began 
the manufacture of microscopes, in 1870, there were only 
50 in the United States; sixty-five years later Edward 
Bausch presented to the University of Michigan the 
250,000th microscope made by Bausch and Lomb. When 
this company made its first microscopes, a good one cost 
about $1000. Within a few years, Bausch and Lomb were 
making a superior instrument that sold for less than 
$200. 

The outstanding achievement of William Bausch was 
his work in teaching America how to manufacture opti­
cal glass. Until the outbreak of World War I, virtually 
all the optical glass used in America was imported from 
Europe where the exacting techniques of its manufac­
ture were closely guarded secrets. The attempt of 
Charles Feil, great-grandson of Pierre-Louis Guinand, 
to manufacture optical glass in America had fizzled out 
at the turn of the century and had not been tried by 
others. 

As earlY, as 1912, William Bausch realized how impor­
tant it was to make optical glass in America in the 
event that a European war cut off importations, which 
by that time had swelled to considerable volume. He 
devoted nearly all his time to the problem of manufac­
turing high quality optical glass. Laboring with a few 
enthusiastic assistants William Bausch pushed the work 
forward despite difficulties and discouragements. Great 
progress was achieved, however, and by the end of 1916 
he and his co-workers produced the first large quantity 
of optical glass made in America. It was used in several 
hundred high-priced anastigmatic photographic lenses of 

a type previously made only from the best imported 
glass. 

The United States Bureau of Standards, the Pitts­
burgh Plate Glass Company, as well as a number of 
other glass makers, had produced small experimental 
quantities of optical glass prior to World War I. When 
that event occurred, American production of large quan­
tities of optical glass became imperative. It was needed 
for artillery range fi�ders and many other military pur­
poses. The government mobilized the best glass-making 
brains in the country, as well as authorities on the prop­
erties of light, and sent them to Rochester where, in 
collaboration with Bausch and Lomb, production of op­
tical glass was enormously increased. By the end of 
the war, Bausch and Lomb had produced 450,000 of the 
total of 650,000 pounds of optical glass made for mili­
tary purposes. 

SPECTAC LES, PLUS-Back in 1831, William Beecher, a 
jeweler decided to go into the business of manufacturing 
spectacles in the little town of Southbridge, Massa­
chusetts. From this modest beginning grew an industry 
that was to make this small town into one of the great 
optical centers of the world. For 30 years Beecher's 
business grew slowly, reaching an important milestorie 
in progress when, in 1864, George W. Wells joined with 
him as an apprentice. By 1869, through the initiative and 
vision of Wells, the business was incorporated under 
the name of American Optical Company. To the work 
of the company Wells applied modern production meth­
ods and changed the manufacture of spectacles from a 
slow hand operation to what is today a speedy machine 
process. 

In 1891, three sons of George W. Wells-Channing, 
Albert, and Cheney-entered the service of American 
Optical Company and ably forwarded its activities until 
they now span the entire nation and its products in­
clude not only eyeglasses but innumerable types of pre­
cision optical instruments. It may seem odd that this im­
portant company in the optical field makes no glass on 
a commercial scale. Yet its influence on optical glass 
practice has been enormous. From its research labora­
tories have come a broad range of improvements and 
developments in glass technology and applications. To­
day all the glass used by American Optical Company is 
made to its specifications by Pittsburgh Plate Glass 
Company. 

Side by side with American Optical, in point of time, 
grew the Spencer Lens Company, which had its gene­
sis in the work of Charles A. Spencer who, about 1838, 

, Courtesy Bausch and Lomb Optical Company 
A hand truck of the vintage of 1 9 1 7, used for hand. A modern pot·handling truck rolls on pneumatic tires, 
lin. optical .la88 pots, required services of seven men is completely mechanized, and is operated by one man 
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• ' • •  and Learn More Ahout This Great Advance in 
SYNCHRO FLASH PHOTOGRAPHY! 

Whether you are a professional or amateur photog­
rapher'or photographic dea·ler,you will want a. copy 
of this booklet SO as to be more completely informed 
on this latest and greatest advance in synchro flash 
photography-the New I1ex Acme Synchro Shutter I 
Containing full information on what this· new 
shutter does and how it does it, a.nd amply illus ... 
trated with explanatory photographs> it will show 
you why there is so .much enthusiasm by users 
of this shutter all over the country. 

When you understand that liere is a: shutter that 
synchronizes perfectly with all flash bulbs, and 
high speed flash lamps as well . . .  that it maintains 
perfect synchronization under a.ll -conditions . . . that 
it uses batteries only for firing. the "flash bulbs and 
not for tripping the shutter . . .  that it cannot fire 
the flash bulbs unless the sync:hro lever has been 
set--you '11 realize wha t a real ad vance it represen ts. 

So, send for your free booklet on the new IIex 
Acme Synchro Shutter today. 

Ilex facilities are devoted entirely to' war work {lntil Victorj is won. The new !lex Acme Synchro 
Shrdter, illustrated above, is available on priority. Get in' touch with your photographic dealer. 

ILEX OPTICAL COMPANY, DEPT. 54, ROCHESTER 5, N. Y. 
B U Y  WA R B O N D S  A N D  K E E P  T H E M 

I I I I 
S H U T T E R S  A N D  L E N S E S  
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set out as a manufacturer of telescopes and micro­
scopes. For many years, with the assistance of Robert 
B. Tolles and later of his son, Herbert R. Spencer, he 
pioneered in the design and manufacture of fine micro­
scopes and microscope objectives, bringing to America 
a leadership in this branch of science in which glass 
plays so great a part. 

Spenoer Lens is linked here with American Optical 
Company because, in 1935, the Spencer organization was 

Courtesy PIttsburgh Company 
Casting plate glass by the old pot method. The molten 
glass was conveyed by a crane from the fnrnace, 
dumped on the metal table top, and flattened. Modern 
plate is manufactured in one continuous operation 

added to American Optical in order to round out the 
line of ophthalmic and optical products, and, in 1945, 
became known as the Scientific Instrument Division of 
the American Optica.l Company. 

GLASS TODAY-The years immediately preceding 
World War II saw the uses of glass proliferating at an 
astonishing rate, spreading into every phase of Ameri­
can life. Factory and office buildings, homes, schools, 
theaters, and stores were erected in which glass in some 
form or another took the place of opaque walls of 
masonry. Glass block was used in walls and partitions 
and colored glass in facades, :-vindows were of double 
glass and plate glass, while tempered glass doors and 
skylights and partitions of fire-resistant wire glass all 
came to be more and more widely employed. The use of 
great expanses of plate glass in shops and other retail 
outlets revolutionized the art of merchandise display 
and store design during the decade of the 1930's. Shat­
ter-proof glass came into wide use in modern automo­
tive vehicles, reducing the danger of serious injuries 
from flying glass in accidents. In the home, heat-proof 
glass cooking utensils added a new dimension to com­
fortable living. 

In electricity, also, glass has found many uses. Be­
cause it is a homogeneous, non-porous material, smooth, 
hard, and highly resistant to weathering and other kinds 
of chemical attack, and at the same time possessing 
high electrical resistivity, it has found wide application 
in high-tension insulators. Then there is that staple 
of modern civilization, the incandescent lamp. Millions 
upon millions of them are in use, all made of glass. One 
company alone, the Corning Glass Works, manufac­
tures at least 880 different sizes and shapes of bulbs. 
The growing popularity of fluorescent lamps and neon 
tube lighting has caused an increase in the manufacture 
of glass tubing, specially designed for this kind of il­
lumination. In medicine and industrial research the 
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uses of glass apparatus are virtually limitless. Much of 
this glass equipment is individually designed and manu­
factured for specific tasks. 

Fiberglas, as manufactured by the Owens-Corning 

Fiberglas Corporation, is a form of glass that can be 
bent like rubber, twisted like thread, squeezed like a 
sponge. It has high temperature resistance and also re­
sists the corrosive effects of acids. It is finding wide use 
in industry as an insulating material while in medicine 
it is speeding the treatment of dangerous burns and 
other injuries. 

Another development of recent years, Polaroid glass, 
a product of the Polaroid Corporation, has found ap­
plication in many forms to protect human eyes from the 
harmful effects of glare. 

THE WAR AND AFTER-America's entry into World 
War II expanded enormously the demand for optical 
glass and glass for scientific and medical purposes. 
Shortage of metals for food containers caused food 
packers to turn to glass for packaging their greatly in­
creased output of prepared foods. A nation hell-bent on 
victory gardening and home · canning demanded glass 
containers. The industry met the test. 

War-time production of optical glass at the Bausch 
and Lomb plant shot up to 1200 percent ot the pre-war 
level. Since Pearl Harbor, five million pounds of optical 
glass has been made there, consuming upwards of 31 
million pounds of sand and other raw materials. From 
this glass has been produced over 100 million pressings 
for optical elements. They have 'gone into an immense 
variety of instruments used in the armed forces of the 
United States and her allies. 

The flat-glass section of the industry has been turning 
out bullet-resisting glass for tanks and planes. The

' 

manufacturers of all kinds of glass containers produced 
far more bottles and j ars than they ever had thought 
possible. Glass containers were put to an increasing 
variety of new uses, and many of these uses will stick 
even when materials now scarce are available once 
again. 

When the war finally ends, the glass industry will 
stand at the beginning of a period of unlimited expan­
sion. In the 20th Century the difficult problem of glass 
production on a large scale has been overcome, and in 
the future, glass, in many new and more durable forms, 
will come into its own. America is on the threshold of an 
age of brightness, an age of cleanliness, an age of glass. 

. Courtesy Corning Glass Works 
Drawing glass tubing by hand, a method stilI in use 
for certain drawing jobs. The man in the center 
"fans" the glass to cool and prevent it from sagging 
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EN G I N E ER I N G  Conducted b y  EDWIN LAI RD CADY 

C u tt i n g  O i l Com es Ba c k  
Pla in Water, Water-and-Oi l  Mixtures, and  Stra ight  Oils Al l  Have 

Helped to Speed Machin ing P rocesses and  Make Them More Accu rate. 

Every Time Tool Ma teria ls Changes Seemed to Point  to the Possibi l i ty 

of E l im inat ing Cutting Oi ls from the Machine, I t  Was Found that 

Better Work Could be Accompl ished by Keeping Them on the Job 

ONE O F  the fondest hopes of 
many machine-tool designers 

and tool-materials metallurgists has 
been to get rid of any need for cut­
ting oil, or at least to reduce it to 
the ranks as a mere "coolant." 

. 

No machini�t ever has genuinely 
wanted the stuff on his machine. 
Back in 1880 when Taylor (the 
father of methods engineering) 
cooled the carbon-steel tools on a 
lathe by flowing a stream of cold 
water on them, his idea was called 
a "stunt" and a "threat to the ancient 
art of machining." The trouble with 
the objections was that Taylor man­
aged to increase machining speeds 
by 80 percent when he cooled his 
tools. And, of course, no manufac­
turer could run machines at any 
slower speeds than Taylor did and 
remain in competition. 

High-speed tool steels came along 

in the early 1900's. Here were tools 
that would stand much higher cut­
ting temperatures than the old car­
bon steels. In fact, the high-speed 
alloys were inferior to carbon steels 
unless the cutting speeds and 
stresses were high enough to gener­
ate working temperatures above 
those which carbon steels would 
stand. 

Quite a few tool engineers read 
coolants out of the picture right 
then and there, but their hopes 
were short lived. High-speed steels 
would do plenty without coolants, 
but would do ten times more with 
them. 

In the meantime, tool engineers 
had been experimenting with cool.,. 
ants. They mixed soda with the 
original plain water and cut down 
the rust problem which the water 
had brought to the machines and 

Cutting oils of 
a l l -araund types 
work with nearly 

any tool and 
increase the ver­

sati l ity of the 
versati le turret 

lathe 

A flood of em,u l ­
sian forces out  

ch ips, improves 
f in ish, holds ac­
curacy high, and 

increases the  
work speed 
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the finished work. They tried lard 
oil and found that any oil which 
contains fat, whether made from 
animals, vegetables, or synthetically 
from coal or petroleum, would do 
wonders in helping the tools to cut 
sharper threads, more intricate 
forms, and smoother surfaces in 
general. Nobody knew why the 
fatty oils had this quality for mak­
ing machining more accurate, and, 
strange to say, nobody yet knows. 
But the fatty oils enabled machines 
to do better work at higher speeds, 
and they stayed in the machines. 

During W orld War I the cobalt 
alloys for cutting tools came into 
common use. Here were tools which 
did their best work when red hot. 
In fact, their one fault was that they 
were too brittle until they reached 
red-hot temperatures. And when, in 
the 1920's, the tungsten and the 
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tantalum carbides (which would 
work when either cold or red hot) 
came in, cutting oils seemed to be on 
their way down if not out. 

C H ATTER-FREE Machine-tool 
makers again got ready for a brand 
new era. They made their machines 
stiffer because the carbide tools will 
break if heavy cutting loads cause 
the vibration known as chatter. 
They sought out the causes of chat­
ter, found that it always vibrates in 
the sonic frequency of some part of 
the tool mounting or of the ma­
chine. They used stiffer metals here, 
higher accuracies there, ribs and 
reinforcements in other places. But 
strengthen as they would they still 
found that machine tools could be 
chatter-free at higher speeds and on 
tougher j obs only if they used cut­
ting oils. So thoroughly was this 
learned that the Carboloy Company 
(makers of tungsten carbide tool 
tips) has issued some of the most 
informative and intelligent data on 
how to feed cutting oils to the 
points of work. 

Cutting oil was still proving its 
case, all right. But the users of car­
bide tools seemed to need only wa­
ter mixtures of it, with the mixture 
often containing only one part of 
oil to 20 or even 80 parts of water; 
100 to one mixtures were not un­
known. As had been the case with 
Taylor away back in 1880, it was 
the water which did nearly all of 
the cooling. Oil and a few chemi­
cals were in the mixture mostly as 
rust preventives ; a thin film of the 
oil would cling to the finished work 
pieces and prevent them from cor­
roding while in storage waiting for 
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the next operations on them, and 
this same oil would protect the ma­
chine. 

Grinding increased in use as a 
secondary operation also. A high 
proportion of finished steel pieces 
had to be heat treated to increase 
their hardness and toughness. It 
seemed easiest to machine them to 
quite accurate and fairly rough sur­
faces, then harden them, and later 
grind them to remove not only the 
roughness left by the machining 
but also to correct any roughness 
and distortion . imparted by the heat 
treatment. Grinding machines 
seemed to get along very well with 
coolant mixtures which started at 
40 parts of water to one of oil for 
the heaviest work and were made 
thinner as the grinding cuts became 
lighter. 

N EW FACTOR-All of this seemed 
to mean that cutting oils were be­
coming mere coolants which could 
be bought on price and dismissed 
with a wave of a splash guard as 
serious factors in the world of ma­
chine-tool operations. But a new 
factor was coming into the picture. 
Machine-tool users wanted to ma­
chine harder and harder metals, 
at higher and higher speeds, and 
with greater and greater accuracies. 

They soon were taxing the new 
found strengths and power capacities 
of their machines to the utmost 
limits. And then the cutting oils be­
gan to repeat their oft told story. 
Far tougher alloys could be ma­
chined with them than without them, 
and at far higher speeds. 

Machinists found that they could 
cut steels so hard and tough that 

Cutting oil. keeps work cool for accuracy, tool cool and lubric:ated for long life 

for many purposes no further hard­
ening was needed. But they still had 
to have their high accuracies. They 
began using more of "straight" cut­
ting oils ( straight cutting oils are 
not mixed with water) and getting 
their accuracies. By 1940 many a fin­
ished piece was being made more 
accurate in dimensions and with 
smoother surfaces on a lathe or an 
automatic screw machine than had 
been produced by hardening and 
grinding only a few years ago. 

This did not put the hardening 
furnaces and the grinding machines 
out of work. The steel heat-treaters 
quickly pointed out that the distor­
tion in hardening, and many an­
other hardening trouble, could be 
reduced if the original machining 
was more accurate. They began the 
modern methods of "predicted dis­
tortion" by which a piece that is 
machined very accurately to one set 
of dimensions can be so hardened 
and toughened that it will come out 
of the quenching tanks just as ac­
curate but to slightly changed di­
mensions. 

The grinders in turn showed that 
with more accurate original machin­
ing and more accurate hardening of 
extremely hard and tough steels the 
grinding operations could be made 
to produce accuracies which were 
undreamed-of a few years ago. 
After all, no outright metal cutting 
operation ever can attain the ac­
curacies of grinding, lapping, and 
honing. And, in addition, the grind­
ers could grind more intricate 
shapes than had been previously 
considered practical, and could 
grind them at very high speeds. 

It was this combination of ex­
tremely hard and tough metals, ma­
chined to high accuracies, hardened 
to just as accurate dimensions and 
then ground to exquisite accuracies, 
which brought the modern airplane, 
automobile, television transmitter, 
and machine tool into being. 
Strength comes from toughness and 
hardness of material, but it is great­
ly promoted by accuracies of dimen­
sions and finishes. Increase the ac­
curacies and the sizes and weights 
can be reduced. Light weight, so 
badly needed by some devices, 
comes largely from increasing the 
strengths and thereby decreasing the 
necessary sizes of their parts. 

In studying ways and means for 
making their processes more useful 
the grinders found that they, too, 
needed better cutting oils. 

CONSTANT TEM PERATU RE-The 
original water mixes of cutting oils 
for grinding had been based upon 
the belief that water, having more 
heat conductivity than oil, would 
keep the work cooler, and cooling is 
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In a test cell  an ENGINEER stu d i es the 

p e rformance of  a j et-p ropulsion engine that  

is exp ected to p roduce greate r thrust-fo r its weig h t  
- than any m a d e  in Ame rica . 

. . .  the name on the J-P ENGINE is lVestingh o use. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .:.:::�� 

In a synthetic rubber p l ant  a C H E .M I ST 
uses  a mass sp ectromete r to analyze a comp lex gas 

mixture by so rting its molecules - reducing 

analyzing time from days to a matter o f  minu tes . 

. . .  the name o n  the 1I1ASS SPE C TR01l1E TER is Westingh o use, 

High in the a i r  a S C I ENTI ST adjusts a 

fulchronograp h  which accu rately records the intensity 
and duratio n o f  thunde rbolts-in the neve r ending 

study of  imp roved p rotection against l ightning. 

the n a m e  on the FULCl1RONO GRAPH is l¥estingh o use. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -" ,. 

In a refining plant  a M ETALLURGI ST uses  

an Ignitron* rectifier f o r  the mo re efficient 

conversion of  alternating to d i rect  cu rrent - in 

p roducing vast quantities o f  aluminum 

for  o u r  wa r effort . 
. . .  the name on the IGNI TRON RECTIFIER is 

lJestingho use. 
*Reg. U. S. Pat. Off. 

TODA Y - Westinghouse war p roducts are making vital C6l1trl� 
butions to final Victory over our enemies in the Far Easf, 
TOMORROW- Peacetime products . . .  backed by Westingh(Jus€ 

research, engineering and precision manufacture . . .  wil l  contrib­
ute to greater efficiency in industry and better l iving in ou r homes. 

Tune in: JOHN CHARLES THOMAS - Sunday 2:30 pm, EWT, NBC • TED MALONE - Monday thro ugh Friday, 1 1  :45 am, EWT, B lue Network 
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important. If the work gradually 
increases its temperature as it is 
ground, then it also will increase its 
dimensions, with the result that 
when it cools again some parts will 
have had more metal removed from 
them than others and the work 
will be inaccurate. Grinding ma­
chines have means to compensate 
for this, but in spite of the best de­
vices the most accurate grinding 
at the highest production speeds can 
be done only when the coolant is 
effective enough to keep the work 
close to constant temperature. 

Superior as the water mixes might 
be as coolants, the straight oils also 
had an advantage. Their superior 
lubricities (abilities to lubricate) 
cut down the friction between the 
grinding grits and the chips and 
the metal right at the points of 
work. And it is more important to 
prevent heat than to remove it, 
since some of the generated heat is 
sure to go into the work pieces and 
change their dimensions. 

Straight cutting oils soon took 
over much of the thread grinding 
and extremely accurate form grind­
ing, and their use on less intricate 
shape grinding is being increased 
because fewer "grinding cracks" 
are produced with them. Grinding 
cracks are fine fractures on the sur­
faces of finished work. They are so 

- tiny that a magnifying glass may 
fail to pick them out, but the mag­
naflux test will find them, and they 
result in rej ections of parts since 
they can cause those parts to fail in 
service. 

While" extra tough, extra accurate 
materials-machining was bringing 
back the cutting oils, plenty was 
happening in other and closely allied 
fields. 

It has long been known that at 
highest cutting speeds steel chips 
will actually weld themselves to 
tool steels. There is plenty of rea­
son why they should. The tempera­
tures at the heavy pressure areas of 
the chips on the tools can go well 
over 1000 degrees, Fahrenheit, with 
the pressures at those points in ex­
cess of 400,000 pounds per square 
inch. 

ANTI -WELDANTS - Nobody can 
prove that any oil does any actual 
lubricating at those pressures and 
temperatures. But the cutting-oil 
makers put such anti-weldants as 
sulfur and chlorine products into 
their oils and stopped the welding. 
They found out that much of the 
welding had been invisible and un­
detected, that tiny bits of the chips 
had welded themselves to tiny areas 
of the tools and then under the 
presrores of the moving chips had 
broken off those tool areas and car-
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ried them away. The results had 
been rapid tool wear. 

With that chip welding stopped, 
cutting became more rapid and ac­
curate. Studies which still are going 
on will make it even better. 

It was found that under extreme­
ly heavy cutting pressures bits of 
some kinds . of metal actually built 
themselves up on the cutting edges 
or "noses" of the tools. These "built­
up" noses do not do the cutting­
the tool alloy still does that-but 
they cushion and protect the tool. 
They also reweld themselves to the 
moving chips and are carried away, 
thus having to be replaced by more 
build up. 

Modern studies are showing how 
to apply cutting oils so that the 
build up always will be constant, 
always the exact amount which will 
best protect the tool, while main­
taining the highest cutting speeds 
and accuracies. What the results of 
this research will lead to, nobody 
knows. How soon the machinists and 
the cutting oil makers will make 
soluble oils do everything that 
straight oils are doing today, and 
drive straight oils on to new fields, 
nobody knows. But cutting oils, once 
seemingly on their way out, are still 
in the picture and here to stay. 

FI RE ALARM 

Can Warn of 
Incipient Danger 

COMING over the industrial horizon 
is a fire alarm which will detect a 
fire by the heat rays given off. The 
alarm, as announced by the Na­
tional Board of Fire Underwriters, 
can have its sensitive or detecting 
element as much as 100 feet away 
from the fire. Once actuated by 
the heat rays it can sound an alarm 
bell, actuate a circuit which will 
warn the factory or the municipal 
fire department, or turn on a 
sprinkler head or shut off a machine 
to stop the danger. 

Better still, such an alarm can be 
arranged to warn of incipient fires 
long before the blaze actually be­
gins. 

Radiant heat, especially if emanat­
ing from a black body, can sun-burn 
a man even though the emanating 
obj ect is cold enough so he can 
easily bear his hand on it. And, 
from a great many obj ects, radiant 
heat may be detected long before 
they reach the combustion stage. 

Burning is a type of chemical 
change which can take place 'slowly 

at temperatures far below those of 
actual combustion. The rate at which 
this change takes place in ordinary 
combustible materials doubles for 
just about every 18 degrees, Fah­
renheit, of temperature. The ap-

Rate of chemical  change involved 
in the burning of ord inary combusti­
ble materials, with ord inary room 
temperature of 68 degrees, Fahren ­
heit, taken as unity 

Deg rees Rate Of 
Fahrenheit I ncrease 

68 1 
86 2 

1 04 4 
1 22 8 
1 40 1 6  
1 58 32 
176 64 
1 94 1 28 
392 262, 1 44 

proximate increase in this rate is 
shown in the table. 

A chemical change of this type 
tends to generate heat as well as be 
promoted by heat-a phenomenon 
aptly illustrated by the well known 
spontaneous combustion of oil 
soaked rags. 

As the temperature rises, the ten­
dency of the material to be damaged 
by the chemical change also will 
rise. Therefore temperature alarms 
which are actuated by heat radia­
tions or by any other means such 
as thermometer bulbs are highly 
valuable in protecting materials in 
storage, process materials in vats, 
and the like. Moreover, the value of 
air conditioning in holding down 
damage to some stored materials is 
emphasized. 

O I L  Q U ENCH I N G  

Made More Controllable 
With Additives 

I N  THE PAST, any engineer who had 
an exacting heat-treating operation 
to perform had his choice of two 
quenching mediums. He could 
quench in water and get such rapid 
cooling that he wrecked the steel, 
or he could quench in oil and get 
too slow quenching for the results 
he wanted. 

Additives mixed with the quench­
ing oils are ending this problem. 
With them the oil can be given any 
cooling ability ( quenching speed) 
between that of ordinary oil and 
that of water, or can be made even 
slower than ordinary oil. Moreover, 
the oil blended with additives is far 
more uniform in performance and 
lasts much longer without changing 
its characteristics. 
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PLASTICS Conducted by CHARLES A. BRESKIN 

P l a s t i cs  Sa n dwi c h es 

A COMBINATION of plastics and 
glass broke into the news as a 

successful structural material a little 
over a year ago when engineers 
of the Air Technical Service Com­
mand at Wright Field announced 
the development of an experimental 
laminated resin-impregnated glass 
cloth sandwich fuselage for a BT-15 
airplane. But from the point of view 
of the Army Air Forces there was 
one outstanding objection-the part 
employed a balsa wood core. 

Lam inated Structures, Made of Glass C loth Combined With Syn thetic 

Resins, Have Proved Practica l  for Aircraft Sections. N ew Production 

Techn iques Have Been Evolved Which Presage Wide Use of these Glass­

P lastics Sa ndwiches in  Many I ndustria l  and Domestic Appl ica tions 

In contrast to the British, who 
used a completely wooden sand­
wich-a 7/16-inch balsa core faced 
with 3/32-inch birch plywood-for 
the DeHaviland Mosquito, the 
United States Army Air Forces 
have always considered wood a mar­
ginal material for combat aircraft 
which must operate under extreme 
weather conditions. Thus, with the 
wooden skin of the sandwich re­
placed with impregnated glass cloth, 
there remained the problem of find­
ing some material to substitute for 
the wooden core. 

The primary function of a core 

were uniform and controllable in 
manufacture. 

In the search for a core material 
which would meet these require­
ments, the Air Technical Service 
Command at Wright Field carried 
out a series of tests on a variety of 
cores which fell under the following 
eight general classes : 

1. Foamed thermosetting (pheno­
lics, ureas, or copolymer) resins. 

2. Foamed thermoplastic ( cellu­
lar cellulose acetate, polystyrene) 
resins. 

3. Foamed rubbers. 
4. Foamed glass. 
5. Foamed calcium alginate. 
6. Gridded cores ( honeycomb or 

square filled grid) . 
7. Impregnated fibrous cores. 
8. Natural ( balsa wood or cork) . 
The core they sought had to be 

strong enough in tension, normal to 

Design load 
Effect of  1 00 percent of at  fa i l u re Strength-

Construction mater ia l  Weight design  loads ( to i l  wheel  weig h t  
s ide load ) ratio 

pounds percent 
A lumin um, al loy 70 No fa i l u re-vis ib le  buckl ing 1 05 1 .00 

in  some cases 
Wood and p lywood 86 No fa i lu re-vis ib le  buck l ing  1 1 0 0.82 

i n  some cases 
Gloss c loth laminate with wood - 78 N o  fa i l u re 1 80 1 .50 
en core sandwich construction 

A l l  resi n - g loss cloth lami nate 75 No fa i l u re 1 80 1 .55 
sandwich construction 

Tabu lation of results of static tests on a i rp lane fuse lages 

material is to stabilize the thin high­
strength faces of a sandwich struc­
ture so that they develop a substan­
tial portion of their ultimate com­
pressive strength without buckling. 
What was needed was a low-density 
synthetic core with adequate 
s�rength, low moisture absorption, 
and dimensional stability-a mate­
rial whose density and properties 

the surface, so there was no buck­
ling of the glass fabric faces through 
tension failure in the core itself. 
Further, compression strength of the 
core material normal to the faces 
had to be sufficient to resist local 
loads usually encountered in service 
due to rough handling, such as a 
blow resulting from a falling wrench. 
Compressive strength needed to be 
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H i g h ly mag n i fied v iew of sect ion of a 
sandWich structure mode with a foamed 
core. The high percentage of voids in  
the foa med res in  i s  c lear ly  evidenced 

such that the core would not fail 
before the faces of the laminate de­
veloped their maximum strength. 
Finally, the shear rigidity of the core 
had to be enough to hold the entire 
sandwich combination stable before 
the faces developed their full 
strength. At the same time, the core 
could not be brittle or granular 
since such materials possess poor 
impact and vibration characteristics. 

TEST RES U LTS-Compressive tests. 
tension tests, tests to determine rela­
tive flexural rigidity and ultimate 
strengths, and bending tests were 
carried out on specimens made up 
with cores falling into all eight 
classes listed above. The compres­
sive stress developed in the glass­
cloth facing material ranged from 
8000 to 36,000 pounds per square 
inch, depending upon the core mate­
rial and the thickness of the faces.  
Certain brittle cores such as al­
ginate, which had reasonably high 
tensile strength, failed prematurely 
before developing maximum strength 
in the faces. Bending tests indicate 
that with cores of comparable prop­
erties, the strength and stiffness of 
the sandwich combination are more 
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dependent upon the physical prop­
erties of the core itself. All bending 
failures occurred in the compression 
face either by compressive failure 
of the face or by delamination (ten­
sion failure of the core) . 

Tests seemed to show that certain 
types of cores such as the Hycar 
cores, honeycomb glass cores, and 
cores of cellular cellulose acetate 
containing 3 percent chopped glass 
fiber had sufficient physical proper­
ties to develop a substantial portion 
of the compressive strength in 
Fiberglas cloth faces. 

One of the results of this in­
vestigation was the construction by 
the Plaskon Division of Libbey­
Owens-Ford Company, at the re­
quest of Wright Field, of an a11-
laminate rear section of a fuselage. 
Tests carried out on this structure 
and on aluminum alloy, wood, glass­
laminate, and wood fuselages are 
compared in the accompanying 
table on the preceding page. 

Four types of laminate construc­
tion were employed in this experi­
mental fuselage, which was con­
structed in halves and then as­
sembled. This two-part construction 
was followed, not because it was 
considered the most desirable pro­
cedure, but because a full fuselage 
mold was not available. 

STRUCTU RAL ADVANTAGES-The 
outstanding strength-weight ratio of 
this all-laminate construction, its 
smooth exterior surface, and ex­
treme stiffness suggest that it will 
someday find extended use in the 
aircraft field. Aircraft designers 
have long recognized that substan­
tially increased performance can be 
obtained if the exterior surfaces of 
aircraft can be made smoother and 
more stable. And when a structure 
is developed which not only offers 
these advantages but is adaptable 
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to mass production as well, the pos­
sibilities are endless. Among the 
construction advantages which an 
all-laminate structure would seem 
to offer on the basis of the experi­
mental fuselages built to date are: 

1. Prefabrication - Component 
parts may be readily produced in 
widely separated plants and as­
sembled as a complete structure in 
yet another factory. 

2. Mass production - Sandwich 
core material may be readily corru­
gated and assembled, and cheaply 
produced with semi-automatic ma­
chinery in any desired weight and 
thickness. 

3. Uniform results-Easy cure of 
the resin coupled with its tackiness 
makes it possible for the core, skins, 
and sub-assemblies to be easily 
placed and held in position. This also 
guarantees consistent production re­
sults. 

4. Easily repaired-Damage by 
gunfire, for example was less for 
all-laminate construction than for 
either wood or metal. Another ad­
vantage is that repairs may be 
quickly carried out with no more 
equipment than is available in the 
field. 

5. Material availability-The pro­
duction of both the resin and the 

Lower left : Applying resin impreg­
noted cloth and poper upon surfoce 
of mold to (orm inner skin of nose 

Rig h t :  With outer skin in position 
i n  lower mold, upper mold with the 
inner skin ottoched is  lowered into 
place ready to receive foomed resin 

Lower rig h t :  Section drowing showing 
mold i n  a closed position with foam 
f i l l ing the space between the skins  

Illustrations . courtesy of the 
Virginia Lincoln Corporation 

glass cloth, which is the basis for the 
all-laminate construction, can be 
readily expanded to meet all con­
ceivable demands. 

FOAME D  CORES-All the tests 
which have been made on these 
sandwich structures with synthetic 
cores have not been confined to the 
laboratory. The Virginia-Lincoln 
Corporation, for example, is even 
now producing noses for fast fighter 
planes made up of plastic foam en­
closed between inner and outer 
laminated glass cloth skins. For this 
application it was particularly im­
portant that the core have a specific 
gravity of 0.30, excellent weathering 
and electrical characteristics, and 
resistance to destruction caused by 
gun blast concussion. To date, the 
structures, which are made of 
Valenite using Laminac as the core 
resin, have met all the requirements 
very satisfactorily. 

Following the step by step con­
struction of one of these fast fighter 

F EMALE MOLD 
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MOLDING COMPOUNDS 

LAUGHING AT A LIFETIME OF HARD KNOCKS 

The modern radio tube is a very delicate piece of equip­
ment. Yet it must be able to stand up and render perfect 
service under the most rugged of conditions . . .  such as in 
aircraft, boats or in your own car radio for that matter. 
The bases of thousands of these radio tubes are molded 
from Durez phenolic plastics. Such properties as impact 
strength, moisture resistance, dielectric strength, good 
moldability and excellent dimensional stability at temper­
ature extremes ... all of which are inherent characteristics 
of the more than 300 Durez phenolic molding compounds 
... make them ideal for such purposes ... result in their use 
throughout the various fields of American industry on a 
scale that is practically all-embracing. 

INDUSTRIAL RESINS 

PLYWOOD PROGRESS COMES IN A BOX 

Combine ease of manufacture with a finished product that 
has eyeappeal and tremendous durability ... and you have 
the wartime-proved Durez resin-bonded plywood con­
tainer. The unusual strength, and resistance to tempera­
ture extremes and moisture which Durez resin imparts to 
the rich beauty of plywood, make it a natural for the pro­
gressive manufacturer with an eye on post-victory markets. 

OIL SOLUBLE RESINS 

WHAT EVERY BUSINESS MAN SHOULD KNOW 

ABOUT KITCHENS 

A kitchen is no nicer than its linoleum floor. Durez resins 
for linoleum prints impart gloss and extreme toughness to 
the natural beauty of the colorful inks used for this pur­
pose-make the linoleum durable and almost wear-proof. 

The field of plastics is a vast and con­
fusing one - especially since wartime 
urgencies have brought to light many 
new and unusual applications for them 
• . .  applications which proved plastics 
to be better suited for many jobs than 
any other material. One of the largest 
groups within this field is the phenolics 
-the type of plastics which Durez has 
specialized in developing and produc­
ing for the past quarter century. Out 
standing feature of the phenolics is 

their unusual versatility. ')bey are the 
most versatile of all plastiCS. Naturally, 
this means a great deal to the manu­
facturer in the throes of improving his 
old products and developing new ones 
for post-victory markets - for the 
phenolics make a natural starting point 
in working out a plastic material prob­
lem. The background of Durez tech­
nicians includes a wealth of successful 

product development experience which 
covers practically all fields of industry. 
The benefits which this experience and 
a large accumulation of proved data 
can provide, are available at all times 
towards speeding the solution of any 
plastic material problem which you may 
have. Durez Plastics & Chemicals, Inc., 
529 Walck Road, N. Tonawanda, N. Y. 

PLA·STICS THAT FI1'I'HE JOB 
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noses suggests how adaptable this 
type of structure is to mass produc­
tion. It is easy to imagine how this 
construction can be used after the 
war in the manufacture of low­
weight furniture, refrigerator boxes, 
stoves, household insulation and, of 
course, aircraft . .  

For the manufacture of the fighter 
noses the equipment oonsists of cast­
iron male and female molds, the 
contours of the male form exactly 
duplicating those of the female 
minus the thickness of the wall of 
the completed nose. A spacing 
mechanism is provided to facilitate 
the locating of the male form in the 
female form. As can be seen in the 

A honeycomb core mater ial  such as is 
used in many sandwic h - type structures.  
Made in  blocks, cores can be s l iced to 
suit requ i rements of any  type of job 

drawing, there is a flash area be­
tween the two molds at the top. 
This is provided so that pressure 
generated during the foaming op­
eration can be relieved. In addition 
there are clamps which hold the 
molds together, a resin mixing unit, 
a trimming j ig, and a thin laminated 
canvas male plug used in making 
the outer skin. 

The manufacturer of the nose be­
gins with the skins. The male form 
and the wrapping plug are inverted 
(nose-up) and covered with cello­
phane, which facilitates parting. The 
necessary lamination of impregnated 
paper and glass cloth for the inner 
skin are wrapped on the male form 
which is then covered with another 
layer of cellophane. To insure more 
uniform evacuation during the cur­
ing operation, a thin canvas bag, or 
"breather," is placed over the entire 
assembly. This construction is then 
covered with a rubber bag, properly 
sealed to permit evacuation. Upon 
the application of heat, through the 
mold, the inner skin is cured. Re­
moval of the rubber bag, the can­
vas breather, and the top cellophane 
layer follows, exposing the cured 
inner skin laminate. 
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At the same time that the inner 
skin is being molded, the outer skin 
of impregnated paper and cloth 
laminations-is wrapped upon the 
cellophane-covered wrapping plug. 
Another layer of cellophane follows 
as with the inner skin. This done, 
the plug and the uncured skin are 
inserted in the female mold. The 
plug is removed, leaving behind the 
outer skin in proper place in the 
female mold. A rubber bag is in­
serted in the mold and the sealing 
lid put in place. With the application 
of heat, vacuum, and pressure the 
skin is then cured. Finally, the rub­
ber bag and cellophane layer are 
removed, exposing the inner surface 
of the outer skin. 

At this stage, the portions of the 
mold are readied for foaming. The 
male form is elevated with a chain 
hoist and placed in the "nose-down" 
position above the female form 
where, by rapid lowering, it can 
properly locate itself in the female 
form for the foaming operation. 

The various components of the 
foam resin mixture are weighed 
out and cQoled to a safe operating 
temperature. Next, they are care­
fully combined in a Hobart-type 
mixer. Within five minutes' time, a 
homogeneous mixture results. 

With the molds ready, the foam 
mixture is poured into the female 
portion. Guided by the spacing 
mechanism, the male mold is low­
ered into position and the molds 
locked together. Within three min­
utes of the application of heat, the 
excess foam material starts escaping 
via the flash areas. Fifteen minutes 
later the curing is complete and the 
molds are cooled. 

After the male mold has been 
raised, the foamed nose, which is se­
curely bonded to its skins, is lifted 
from the female form and sent to the 
finishing area for trimming and 
painting. Due to the fact that this 
particular part requires a rein­
forced area for attachment to the 
airplane fuselage, portions of the 
foam and inner skin must be 
trimmed away and the inner sur­
face of the outer skin exposed. 
"Beef-up," or reinforcing material, 
which consists of uncured impreg­
nated glass fabric, is bonded so as 
to oover the section of foam which 
has been exposed. Curing of this 
material follows. Rough edges are 
then sanded away and the nose is 
sent to the paint department to be 
prepared for shipment. 

The principles outlined in the 
manufacture of this nose are ap­
plicable to other items. The same 
general procedures were found to 
prevail in parts where specific 
gravities ranging from 0.20 to 0.80 
were desired, where bearing and 

flexural strengths were stressed, 
where surface areas of 50 square 
feet and more were required. The 
desired properties were obtained 
primarily by foam formula varia­
tions ; secondly by changes in equip­
ment. 

While all the work that has been 
carried on in developing suitable 
synthetic core material for use in 
glass-cloth sandwich structures has 
been for war, all indications point 
to the use of this type of structure 
in endless post-war application. 
Among these are such household 
items as stoves, refrigerators, and 
unit bathrooms and kitchens. The 
aircraft industry will undoubtedly 
find extended use for the construc­
tion. At the moment it is hard to say 
just what are the limits for these 
synthetic core materials for sand­
wich structures, or for the sand­
wich structures themselves. 

EAR PLUGS 

Reduce Annoying Noises, 
Permit Conversation 

I NDUSTRIAL workers stand in con­
stant fear of becoming deaf as a re­
sult of the constant loud noise that 
fills their working hours. To combat 
this hazard, John L. Brill and As­
sociates has developed "Noise Mas­
ters" ear plugs, molded of Lucite. 
These plugs, which are fitted to the 
individual ear, are said to reduce 
the loudness of surrounding noises 
as much as 45 percent when the 
sound is in the low frequencies and 
as much as 65 percent when in the 
high frequencies. At the same time, 
it is reported, ordinary conversation 
at close range can be heard without 
difficulty. 

BATTERY SEPARATO RS 

Now Made in the Form 
of Fiberglas Mats 

FELTED Fiberglas is now being used 
in low-cost batteries of various types 
manufactured for Goodyear Tire and 
Rubber Company by the National 
Battery Company. In one model the 
felted glass fiber mats are placed on 
each side of every positive plate ; 
in another model similar mats are 
wrapped entirely around each of the 
positive plates. The mats are made 
of finely spun glass fibers held to­
gether with a binding agent. Pores of 
the mats provide minute indirect 
openings, so small they permit pas­
sage of only very small spent articles 
of active material. Because active 
material is locked in the plates, the 
life of the battery is reported to be 
greatly extended. 
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AVIATION Conducted by ALEXAN DER KLEMI N 

G a s  T u r b i n e  Poss  i b i  I i t i e s 
Wil l  Airpla nes of Tomorrow be Powered by Reciprocating Engines, by 

Turbo-Jets, by Turbines Driving Propel lers, or by Some Combination of 

these Systems? Analysis of Present  Technology I nd ica tes that Each  

System Wi l l  F i nd  i ts Place in Meeting t he  Va ried Requ i rements o f  F l ight  

I F  THE Germans had had six 
months more to put into produc­

tion their V -1 and V -2 bombs, their 
airplanes equipped with rockets, 
and the turbo-j et, the whole course 
of the war might have been 
changed; the victory of the United 
Nations might have been indefinite­
ly delayed. In the peace to come, it 
is probable that the turbo-j et (and, 
therefore, the gas turbine which is 
an indispensable element of the 
turbo-j et) will have, of these nov­
elties, the greatest influence on mod­
ern aviation. 

From these sources, it is possible 
to understand and to evaluate the 
various embodiments of the gas tur­
bine and j et reaction in the wholly 
modern aviation power plant. 

The phrase "various embodi­
ments" is used because it is now 
possible to offer quite a classifica­
tion of aviation prime movers : 

1. The conventional reciprocating 
engine and propeller-still the heart 
of aviation, still efficient, and im­
proved when equipped with super­
charger and water injection and 
utilizing the thrust of the exhaust to 

Fig ure 2 :  Simpl ified 
diagram showing the 
basic principle of an 
axial - flow turbo-jet 

.. 

efficiency : reciprocating engine at 
take-off, and turbo-jet at great 
speed and altitude. But an evalua­
tion of the four systems as abovf' 
should give a basis of comparison 
for all possible combinations. 

PROPELLER LI MITATIONS - Will 
the conventional reciprocating 
engine with propeller disappear like 
the horse and buggy? Not at all. In 
the history of technology, it is very 
rare that a new invention or im­
provement utterly displaces older 
appliances or vehicles. Thus, the 
Diesel locomotive has not and will 
not drive out the steam locomotive. 
The conventional reciprocating 
engine and propeller will continue 
to render excelh'!nt servi�p in low-

f L I G H T  O I R ECT I O N  

+ t t "-

Within the last few months, there 
have been at least three fine papers 
on the gas turbine and its use in the 
airplane. S. R. Puffer and J. S. Al­
ford, of General Electric Company, 
spoke of "The Gas Turbine in Avia­
tion" before the American Society 
of Mechanical Engineers ; Charles 
D. Flagle and Frank W. Godsey, Jr., 
of Westinghouse Electric Corpora­
tion, discussed "The Place of the 
Gas Turbine in Aviation," at a tech­
nical press luncheon; and C. F. 
Bachle gave to the Society of Auto-

AXIAL FLOW COMPRESSOR COMBUSTOR TURBINE EXHAUST NOZZLE 

'000 2000 3000 4000 5000 
POWER RATING H P. 

Figure I .  I n  reciprocating engines, 
the specific weigh t  increases rapidly 
with size beyond a certain point 

6000 

motive Engineers his thoughtful 
study of "Turbine Compounding 
with the Piston Engine." A forth­
coming book by B. Hennlip, of Bell 
Aircraft, on "Modern Flight Test­
ing" will also add greatly to knowl­
edge. 

some extent by special design of ex­
haust outlets. 

2. The turbo-j et in which air is 
compressed and forced to burn fuel 
in a combustion chamber. The ex­
haust gases drive a turbine that op­
erates the compressor, and then 
rush out through a nozzle to provide 
a powerful reaction thrust. It is 
the turbo-jet with which Captain 
Whittle's name will be forever as­
sociated, and which has most im­
pressed itself on the public's mind. 

3. The gas turbine driving a 
geared-down propeller and utilizing 
the thrust of the exhaust to a 
marked degree;  not yet flown, but 
certain of employment in the near 
future. 

4. The compound reciprocating 
and turbine engine which Mr. Bachle 
has proposed. 

There may be other combina­
tions such as a conventional recipro­
cating engine acting together with 
a turbo-j et, with each functioning 
at the time appropriate to its best 
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and medium-speed aviation for a 
great many years to come. It is 
when great speed is required, or 
great power, or flight at great alti­
tude, or all three, that the recipro­
cating engine and the old-time pro­
peller become less effective. 

Here are the main reasons, as 
Messrs. Flagle and Godsey have so 
well put them: The reciprocating 
engine reaches its best weight fig­
ures at around 1000 horsepower, 
when the specific weight per horse­
power is only one pound. In larger 
sizes, as Figure 1 illustrates, the 
specific weight will increase rapidly 
unless either more cylinders or bet­
ter fuels are brought into action. 
The reciprocating engine functions 
most efficiently at 60 percent of its 
rated power, and that is a limitation 
on its use at full speed when full 
rated power is needed. Again, the 
very large reciprocating engine 
needs complicated controls so that 
not only does the specific weight 
of the engine itself go up with the 
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size, but the complete installed 
weight becomes excessive. Again, 
even the best air-cooled engine, 
with fine cowling, offers large 
frontal area and nacelle drag so that 
the net thrust per horsepower be­
comes disappointing. And, finally, 
at very high speeds, particularly at 
altitude, the propeller itself begins 
to lose efficiency because its fast 

RELATIVE SIZES U> 
OF RECI�ROCATING 
ENGINE AND 

PROPELl.EP I I 
GAS TURBINE- <P 
ENGINE '------'-. -L.. _----' 

Fig ure 3 :  Diagram of a geared-down 
gas turbine driving a propel ler, in 
combination with a turbo-jet unit  

whirling tips approach the speed 
of sound. For all these reasons, it is 
possible to say that, unless and un­
til many improvements are made, 
very high speed operation of aircraft 
would be limited by the deficiencies 
in the reciprocating power plant no 
matter how well resigned the air­
plane itself might be. 

General Electric has been a 
pioneer in the development of the 
supercharger, and Messrs. Puffer 
and Alford, distinguished members 
of the General Electric family 
rightly point out that when the ex� 
haust gas supercharger, water in­
jection, and exhaust thrust are em­
ployed, the reciprocating engine has, 
by far, the greatest overall effi­
ciency where long-range flying is 
involved. But these refinements 
serve up to a point only. When 
super-aviation or flight at very 
great speeds is involved, the turbo­
j et has to be considered. 

Figure 2 illustrates, diagrammati­
cally but clearly, the basic simple 
principle of the turbo-j et, in which 
an axial flow compressor is driven 
by a gas turbine. The axial flow 
compressor inducts the air, com­
presses it, and delivers it to the 
combustion chamber. There the fuel 
is burned at high temperature and 
constant high pressure. The com­
pressed air and exhaust gases ex­
pand and drive the turbine and 
then leave the nozzle at the speed 
of sound, producing enormous reac­
tion thrust. 

When turbo-jets had to be built 
quickly, the AAF sought the aid of 
General Electric; the Navy called 
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on Westinghouse. Both giant com­
panies responded magnificently, 
and succeeded splendidly. If West­
inghouse used the axial flow com­
pressor, claiming to secure thereby 
the most direct flow, the lowest 
frontal area, and least aerodynamic 
drag, General Electric did equally 
well with a centrifugal compressor. 
To discuss the relative merits of 
axial and centrifugal compressors 
would need far more space than 
available here. 

N ET POWER-It can be seen from 
the above brief description that in 
j et propulsion, the whole net power 
(which is the difference between 
the power generated and the power 
used up in the compressor) is used 
to impart backward acceleration to 
the compressed air and exhaust 
gases. The question then arises : 
Why is the gas turbine so well 
adapted to j et propulsion? 

The answer is readily found. As 
can be shown by simple applied 
mechanics, jet propulsion is most ef­
ficient when the speed of the jet 
is not so far above the speed of the 
vehicle from which it issues. This is 
a cardinal principle always to be 
remembered when thinking of j et 
propulsion. The gas turbine handles 
a great mass of air (four to eight 
times greater than the reciprocating 
engine) for each pound of fuel con-

INTAKE 

iting j et is cool and slow, relative 
terms are being used. To anyone 
who looks at a Bell Aircraft turbo­
j et plane, or a Lockheed Shooting 
Star, the j et will appear to have 
tremendous speed and temperature. 
Accordingly, below 500 miles per 
hour, j et efficiency is very low and 
fuel consumption is very high. The 
thermodynamic or internal efficiency 
of the turbo-jet equipped with a 
good compressor may be 31 percent 
at 15,000 feet, which is of the same 
order as that of the modern recipro­
cating engine, but its propulsive or 
external efficiency is very low at 
take-off or climb and only becomes 
reasonable at the enormous speed 
of the fastest fighters. 

J ET ADVANTAGES - Does this 
mean that the turbo-jet will always 
be restricted to a special type of in­
terceptor combat airplane where 
enormous thrust is required for only 
a short time and fuel consumption is 
unimportant? .Not at all, because 
airplane speeds tend to go up all 
the time (unless compressibility ef­
fects bar further progress) and be­
cause the turbo-j et has so many 
other advantages to commend it. 
It is extraordinarily simple, there 
is no carburetor to ice up, no igni­
tion trouble, no valve system to go 
out of order, no intermittent cylin­
der action, no overheating of thE> 

TURBINE 

WASTE GATE 

Figure 4: Bach le's compound reciprocating engine and gas turbine 

sumed. This is because the gas tur­
bine swallows its own cooling air 
and subjects it to the same thermo­
dynamic cycle as the air needed just 
to burn the fuel, while in the re­
ciprocating engine the cooling air is 
used externally to the combustion 
space. 

Because of this great mass of air 
handled, the exiting j et is cool and 
slow, and propulsive efficiency is far 
better than were the hot exhaust 
gases released from a reciprocating 
engine used for reaction thrust. 

But when it is said th",t the ex-

cylinder head or bearings. With a 
minimum of parts, the pilot can be 
completely assured at all times of a 
powerful, steady, continuous thrust. 
The turbo-j et is very light in weight, 
needs little lubricating oil, and is 
remarkably easy to maintain. This 
ease of maintenance has brought 
enthusiastic praise from all AAF 
personnel who have had experience 
with the engines. .There are no 
radiators and no cooling surfaces. 
Frontal area of the engine nacelle 
is reduced to a minimum, so that 
the power-plant drag is reduced to a 
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mImmum and the net thrust is a 
greater percentage of gross thrust 
than in the reciprocating engine. 
Since the j et is at the back of the 
airplane, noise in cabin or cockpit is 
reduced. There are immense poten­
tialities of power, far beyond those 
of the conventional motor. 

For these and other reasons, it 
may be expected that the turbo-j et 
will come into wide use reasonably 
soon-for planes of great speed or 
planes requiring immense power. 

Messrs. Puffer and Alford bring 
up economic reasons to show that 

50,000 
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� 30,000 
. 
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Figure 5: Estimate by Flagle and  
Godsey of probable spheres of action 
of various a ircraft power plants 

j et propulsion is not purely a mili­
tary device. This is true because of 
the greater reliability of the turbo­
j et unit, because of its higher rate 
of speed and consequently greater 
potential number of trips, because 
speed cuts down many items of air­
plane operating cost, and finally be­
cause the fuel required is not high 
octane gas but any one of a number 
of cheap fuels such as kerosine. The 
cost of jet-propulsion transport is 
claimed to be only slightly higher 
than the cost of present-day trans­
port for ranges of over 500 miles. 
[See article by D. H. Killeffer im­
mediately following this one for a 
discussion of j et-engine fuels.-Edi­
tor.] 

A COMPROM I S E-There is good 
reason to be optimistic as to the fu­
ture of the turbo-j et engine-but 
wonderfully suited as it is to high 
speeds, it is not efficient at take-off, 
in climb, or even in long-range 
cruising. Is the combination of a gas 
turbine geared down to drive a 
propeller, in combination with j et 
reaction, a compromise more suit­
able to present needs? The combina­
tion is diagrammatically indicated 
in Figure 3. The geared-down tur­
bine will constitute a beautifully 
symmetrical power plant, of small 
frontal area and low nacelle drag as 
compared with the reciprocating 
engine. Because of its small diam­
eter the gas turbine will be easily 

buried within a wing. The geared­
down turbine shares these and other 
advantages with the turbo-jet. But 
there is one advantage which the 
geared-down turbine possesses to a 
unique degree--versatility to suit a 
particular flight condition by vary­
ing the proportion of power de­
veloped in the propeller and in the 
reaction nozzle. Towards the lower 
end of the scale the propeller drive 
will be favored, with the exhaust j et 
thrust merely compensating for 
nacelle and cooling drag loss, and 
with high net thrust as the result. 
For high speed operation, 50 percent 
of the power would be developed in 
thrust, since j et reaction would then 
become efficient. Of course, the 
geared-down turbine loses some of 
the desirable features of the turbo­
j et. It can no longer have the low 
slung body of the turbo-jet because 
of the propeller. Yet this intermedi­
ate type may have a broader field 
of usefulness than the reciprocating 
engine at one end of the scale and 
the turbo-j et at the other. 

In Figure 4 is shown Bachle's 
scheme of compounding a gas tur­
bine with a reciprocating engine, 
both working on the same shaft and 
driving a propeller. The combination 
is not intended for high speed, but 
because the gas turbine can take 
such excellent advantage of the ex­
haust gases, Mr. Bachle believes 
that the system would give excel­
lent fuel-consumption economy and 
offer the minimum weight of power­
plant plus fuel for long-range cruis­
ing at 300 miles per hour. 

A tentative conclusion, illustrated 
by Figure 5, seems to be that the 
reciprocating engine will remain 
supreme for low power and mod­
erate speed; j et propulsion will be 
superior at great altitudes and 
speed; and the geared gas-turbine 
with propeller will occupy an inter­
mediate position. 

POST-WAR FLYING 
Jobs Raise an 
Important Question 

W ILL there be post-war j obs for 
wartime pilots? Phillips J. Peck dis­
cusses this question in Flying, bas­
ing his discussion on an appraisal 
of the situation by Paul E. Young 
of the Civil Aeronautics Adminis­
tration. 

At the conclusion of the war, the 
Army alone will have 100,000 "top­
grade" combat pilots and 50,000 Air 
Transport Command instruction and 
service pilots. Of this number, 75,-
000 may be discharged at the end of 
the war. The Navy, Marine Corps, 

SEPTEMBER 1 945 SCI ENTIFIC AMERICAN 

and Coast Guard discharges will 
raise this total above the 100,000 
mark. To this number must be add­
ed men in the Civil Air Patrol, and 
those already employed on the air­
lines. The Army does not intend to 
stay in the air-transport business, 
and thus eventually the Air Trans­
port Command will dump its en­
tire personnel back to the airlines. 

But in the war effort the aIrlines 
-TWA, United, American, Eastern, 
Pan American, and others-have 
utilized their Air Transport Com­
mand units to build up a gigantic 
reserve of well-trained pilot per­
sonnel. It is, according to Mr. Young, 
a physical and economic impossi­
bility for these thousands of pilots to 
be absorbed in post-war civil avia­
tion, no matter how great may be 
its growth. 

It is Mr. Young's opinion that some 
39,000 men will find civil aviation 
employment: 4000 on the airlines 
within two years after the war; 15,-
000 in the flying schools ; 20,000 in 
miscellaneous services. Miscellan­
eous services will cover feeder­
pickup, charter services, crop dust­
ing, forest patrol, aerial survey work, 
air advertising, lake stocking, and 
so on. This is a very reasonable view 
of the situation and it is far better 
that many of our Army and Navy 
pilots should regard their flight 
training as a delightful accomplish­
ment and avocation, rather than a 
postwar professional activity. 

SCRAP RECOVERY 

May be Speeded by 
Chemical Process 

IMMENSE quantities of aluminum in 
airplanes that must be scrapped at 
war's end for one reason or another 
pose a tremendous salvage problem 
because of the complexity of the 
parts. Separation of pure aluminum 
from alloying elements and from 
parts composed of other metals is 
impracticable by ordinary methods. 
However, a chemical recovery proc­
ess promises to solve the problem 
economically and efficiently by dis­
solving the aluminum away from 
other materials present by the use of 
a solution of caustic soda. This solu­
tion readily dissolves aluminum but 
not the elements with which it may 
be alloyed and it leaves steel, cop­
per, and other metallic parts un­
affected. Furthermore, the solution 
of aluminum as sodium aluminate 
readily yields the metal in the form 
of its oxide in exceptionally pure 
form for

' 
introduction into the elec­

trolytic cell for recovery. Naturally, 
only composite parts left after large 
pieces of pure metal have been cut 
away will need to be subjected to 
this treatment. 
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Photo by Air Technical Service Command 
A 8 -25 using rockets for assisted take -off 

C H E M I STRY I N  I N D USTRY Conducted by D. H. KILlEFFER 

F u e l s  Fo r J ets 
Reaction Eng ines for Aircraft Seem Capable of Operating Efficiently on 

Simple F uels.  But i t  May be tha t  this Simpl ic ity is as  Yet Due to a 

Lack of Knowledge of the Means  for Obta in ing  H ighest Effic iency from 

the Power Pla nts that Wil l  Operate the Aircraft of Tomorrow 

NOW that production of huge 
volumes of aviation fuels for 

conventional internal-combustion 
engines is an . accomplished fact, 
industry faces new problems in pro­
viding fuel for tomorrow's rocket­
powered aviation. Experience so far 
gained with the toys of 1930's 
dreamers shows that j et and rocket 
power will ignore the criteria vital 
to today's flight and will impose new 
requirements on the producers of 
fuels for tomorrow's planes. It is all 
quite confusing. No sooner have 
high compression, octane numbers, 
and super fuels taken their indus­
trial places than the new needs of 
advancing aviation suddenly discard 
these and promulgate new specifica­
tions for new types of planes op­
erating without propellers. It is 
worth looking into, for these new 
needs will profoundly influence 
trends in the fuel-producing indus­
tries lor the future. 

At first blush the fuel needed for 
j et propulsion appears much less 

limited by essential requirements 
than that powering today's conven­
tional engines. Obviously the basic 
differences between the two types 
of engines are reflected in basically 
different specifications for their 
fuels. Whereas volatility (except 
with the new "safety gasoline" ) ,  oc­
tane number, and high compres­
sion characteristics are paramount 
requisites of internal-combustion 
reciprocating engines, none of these 
is of any particular consequence in 
either j ets or rockets of the present 
day. The specific requirements of 
today's aviation fuels are inherent 
in the design and operation of the 
internal combustion engine itself. 
Secondary restrictions imposed by 
the operation of the engine in an 
airplane are minor as compared with 
the necessities of the engine's fuels. 

Quite the reverse is true of rocket 
fuels. The rocket or j et imposes no 
particular restrictions on the fuel 
that are not easily met by existing 
petroleum products. But, .on the 

other hand, the extraordinary char­
acteristics of j et-propelled planes, 
with their possible use at otherwise 
unattainable altitudes, emphasize 
the importance of the plane's re­
quirements in the selection of a 
suitable fuel. Instead of volatility, 
high octane number, and high com­
pression characteristics, j et-popul­
sion engines emphasize the need fOl 
high energy content, low freezing 
point, and high flash point as the 
most important qualities in their 
fuel. That change completely alters 
the problems of production and re­
fining of fuel, but in spite of the 
apparently wide latitude thus al­
lowed, vexing problems still remain 
for industry to solve. 

R EACTI O N  ENGI N E  TYPES-To 
make the matter clear it will be well 
to examine broadly the character­
istics of j et-propulsion engines to 
learn how they function and what 
are the controlling factors in their 
operations. Much of the current de­
velopment of engines of these types 
is of such military importance that 
many details cannot yet be revealed 
for security reasons. But, neverthe­
less, enough of a picture can be 
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drawn to indicate the trend, if not 
the detail, of future developments. 

First, two broad types of reaction 
engines must be distinguished. One 
is typified by the old-fashioned sky­
rocket and is properly designated 
as a rocket. Rockets carry with them 
both fuel and oxidizing agent with 
which the fuel is burned, and may 
be powered by either solid or liquid 
fuels (smokeless powder and gaso­
line are typical) . Numerous types of 
rocket proj ectiles have proved val­
uable weapons in the present World 
War. A second type of reaction 
engine carries its own fuel but de­
pends on oxygen from the air to 
burn it and on the air stream to pro­
vide the required forward thrust 
by its thermal expansion. The buzz 
bomb loosed on England by the 
Germans and the several types of 
jet-propelled planes typify this sec­
ond class of reaction engines. These 
have been designated as air-stream 
engines or j ets to distinguish them 
from the true rockets of the class 
previously mentioned. 

hydrocarbons and alcohols (mclu<'l­
ing gasoline, kerosine, ethyl alcohol, 
and so on) with liquid oxygen, hy­
drogen peroxide, or nitric acid as 
the oxidizing agent. 

These rocket engines are useful 
for throwing explosive charges over 
short distances as demonstrated by 
the bazooka and other types of 
rocket proj ectiles used in the pres­
ent war. Perhaps their utility may 
be tremendously extended in the fu-

Photo by u. B. Army AIr Forces 

seem already to have come so far 
within the range of practicality as to 
suggest here an analysis of their 
fuel requirements as a problem in 
production in the near future. 

Pendray divides air-stream mo­
tors into three sub-classes : thermal 
or turbo-j et, intermittent duct (buzz 
bomb) , and continuous duct (also 
called the athodyd) . The first draws 
in air through a turbo-compressor 
driven by a turbine powered by the 

Developments thus far in rockets, 
as defined above, indicate severe 
limitations on their value as the 
principal motive power of cargo 
carrying planes. Extreme tempera­
tures and simultaneous high pres­
sures are encountered in their op­
eration and for practicable efficiency 
these mount beyond the ability of 
any known materials of construction 
to withstand them. This has been 
shown by both practical tests and 
theoretical calculations. Hence, for 
the purposes of this discussion, these 
interesting engines may be passed 
over as impractical for any but spe­
cial uses. Their fuel requirements 
are best met by liquid atomic hydro­
gen, so far unattainable, and liquid 
oxygen. Other fuels consist of 
smokeless or black powder, various 

A com plete German  robot bomb found  intact in France 

ture, but the extension will have to 
be very great indeed to bring them 
within range of practicability as a 
means of transport of human beings 
or cargo. The case is presented 
with absorbing interest by G. Ed­
ward Pendray in his book, "The 
Coming Age of Rocket Power," 
lately reviewed in "Our Book Cor­
ner." To it the reader is referred 
for more information on the sub­
j ect. 

PRACTICAL J ETS-The air-stream 
motors present a different picture. 
Already they have been utilized 
both for human flight and for trans­
porting substantial cargoes of high­
explosive bombs. Both applications 

Courtesy Bell Aircraft Corporation, 
The P-59, AAF jet- propelled figh ter, in flight 

SEPTEMBER 1 945 SC I ENTI F IC AMERICAN 

flaming j et itself, and ej ects the 
air expanded by the heat of the 
flame from a rear orifice. The con­
tinuous duct engine depends upon 
the ram effect of its speed to supply 
air to its flame which continuously 
heats and ej ects the expanded air. 
The intermittent duct engine op­
erates on the same principle except 
that the fuel is exploded within its 
body intermittently, a number of 
check valves in its forward end ad­
mitting air but preventing the com­
bustion products from escaping ex­
cept toward the rear. 

Each of these has both advantages 
and disadvantages. Although the 
turbo-j et involves the complication 
of a turbine and a turbine compres­
sor driven by it, this form seems at 
present to enj oy greatest favor, tem­
porarily at least. An alloy capable 
of withstanding temperatures up to 
1000 degrees, Fahrenheit, more or 
less continuously and without un­
due warping, oxidation, or erosion 
made possible the turbo super­
charger employed on high flying 
planes. This alloy is also essential 
in the construction of the turbo­
jet air stream engine employing 
several parts virtually the same 
mechanically for very nearly the 
same purpose as in the super­
charger. The extreme temperatures 
of the true rocket are avoided by 
dilution of the flaming mixture with 
an excess of air. 

Both the intermittent and con­
tinuous duct engines are simpler, 
involving no moving parts, but 
while simplicity is advantageous, 
lack of compression requires that 
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both of these engines reach relative­
ly high speeds before they will op­
erate satisfactorily. Speed is neces­
sary to force air into the combustion 
chamber and without this the engine 
will not function effectively. 

F U E L  R EQ U I REM ENTS-From a 
fuel point of view, these three types 
of air-stream engines are alike. It 
is only necessary that the fuel pos-

-----

THE THERMAL JET ENGINE (TURBO-JEt) 

THE INTERMlmNT DUCT ENGINE (BUZZ 80MB ENGINE) 

THE CONnNUOUS DUCT ENGINE (ATHOOYO) 
Reproduced by permission of Harper and Brothers 
from Pendray's "The Coming Age of Rocket Power" 

Three types of airstream engines 

sess high heating value and that it 
be capable of being fed continuously 
to the combustion zone. Practically, 
this means that the fuel must be 
liquid under the conditions of use. 
The feeding of solid fuel, even in 
finely powdered form, involves com­
plicating mechanism, and gaseous 
fuels occupy unduly large volumes 
per pound or per heat unit. Fuels 
which are gases at ordinary tem­
peratures and pressures can be used 
in liquefied form provided the 
weight of the container necessary 
to hold them is not too great for 
practical purposes. 

These are the only ruling criteria 
involved in fueling j et planes. 
Clearly a great number of present 
commercial fuels meet them well. 
There are, of course, other specifi­
cations so desirable from a practical 
standpoint as to be virtual necessi­
ties. The fuel must be free from 
solid abrasive particles that would 
erode the mechanism, a requisite 
both of the raw fuel and of the 
products of combustion. The pres­
ence, for example, of silica or of 
combined silicon that would burn in 
the flame to silica is a serious draw­
back to any fuel. Soot at high veloc­
ity is also harmful. Other elements 
yielding similarly abrasive oxides 
must be excluded. The fuel must re­
main liquid at the low temperatures 
encountered in flight at high alti­
tudes. This requirement is readily 
met by many, but by no means all, 
of tl}.e commercial hydrocarbon 
fuels. Easy flow at temperatures 
down to the required point of -80 

164 

degrees, Fahrenheit, is characteristic 
of gasolines and naphthas, but even 
some kerosines become sluggish or 
actually congeal in this low tem­
perature range. 

Also desirable to a point approach­
ing necessity is a high flash point 
for the fuel. The flash point is de­
fined as the temperature at which 
the fuel is sufficiently volatile to 
form a combustible mixture with 
still air. The higher the flash point 
of a fuel, the safer it is to carry in 
a plane. The flash point of ordinary 
gasoline is below normal atmospheric 
temperatures and thus its use in­
volves at best a certain hazard of 
explosion which is particularly 
great in military planes in combat. 
Consequently the specifications for 
fuel used in any military plane 
call for as high a flash point as prac­
ticable. In j et fuel, this can be 105 
degrees, Fahrenheit. If the flash 
point is made too high the fuel is 
likely to freeze under operating 
conditions and conversely too low a 
required freezing point leads to the 
inclusion in the fuel of hydrocar­
bons which unduly lower its flash 
point. Flash point is connected with 
volatility and a low flash point is 
necessary for the proper vaporiza­
tion of a fuel in a carburetor, which 
is not required by j et engines. 

S PEC IAL FU ELS-The criterion of a 
clean fuel which burns without con­
siderable residue is easily met, but 
the combination of low volatility, 
and consequently high flash point. 
with an excessively low freezing 
point, is sometimes considerably 
more difficult to meet with prac­
ticable fuels. Either requirement 
alone would permit the use of im­
mense volumes of petroleum prod­
ucts already available, but the com­
bination of the two in a single fuel 
practically requires that it be espe­
cially refined for the purpose and 
thus places it among the special 
fuels. 

Also essential to the efficiency of 
a fuel in j et engines of present de­
sign is the ability of the fuel to burn 
in dilute mixtures with the large 
volumes of air now used. Every 
combustible substance requires a 
definite proportion of air for its 
complete burning and it will burn 
in mixtures both more concentrated 
and more dilute than the ideal. 
However, outside a definite charac­
teristic range of concentrations, it 
will not burn at all. The requirement 
of high dilution to keep tempera­
tures down in j et engines limits 
usable fuels to those capable of 
burning at dilutions necessary to 
meet temperature restrictions. While 
this adds to the complexity of the 
fuel problem it still leaves a wide 

selection available to the engineer 
to power his future aircraft. 

Perhaps the reason the j et fuel 
problem still seems relatively simple 
is that we do not yet know enough 
about it. The first automobiles were 
powered by the waste naphthas of 
kerosine refiners and it was only 
after decades of operation of mil­
lions of cars that efficiency and the 
factors affecting it became impor­
tant. This may also be true of jet 
engines and future developments 
may show the need for special quali­
ties in their fuel now unsuspected 
in our present knowledge of the 
subject. Research in the field pro­
ceeds at a swift pace because of 
its bearing on the military situatiun. 
When need comes, chemical indus­
try's petroleum refining division will 
be ready to meet it. Meanwhile it 
looks simple, simpler probably than 
it is. 

PEPPER 

Alkaloid Used 
In Insecticides 

RECENT tests indicate high insect­
killing efficiency for insecticides 
containing piperine, alkaloid of 
black pepper. Combinations of 
piperine with the pyrethrins ex­
tracted from certain flowers showed 
unusually high killing efficiency 
when used against house flies. The 
purified piperine alkaloid is rela­
tively non-toxic and non-irritating 
to persons. 

M E RCU RY FU N G I C I D E  

Is Soluble in  Paint 
And Varnish Vehicles 

D ESTRUCTION of materials by mil­
dew, mold, and rot has been empha­
sized by the Pacific war and this has 
developed new and urgent demands 
for fungicides having various prop­
erties. Latest additions to those 
available are the pyridyl mercury 
compounds containing mercury in a 
particularly effective form and avail­
able as several different salts having 
different desired solubility charac­
teristics. Pyridyl mercuric stearate, 
for instance, is soluble in paint and 
varnish vehicles to an extent that 
affords excellent protection against 
tropical destruction. The chloride 
and the acetate possess advantages 
for treatment of textile and fibrous 
materials. Studies conducted both in 
the laboratory and in the field in­
dicate great effectiveness for com­
pounds of this group. 
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ELECTRON I CS Conducted by KEITH H E N N EY 

G l a ss a n d E l ec t ro n i cs 
Glass Has Played a Vital Role i n  the Development of Electronics. Now 

Electron ics is Reciprocating by Providing a Flexible Tool for the 

Glass-Working I ndustry Whereby Welded Glass Products Ca n be Pro­

d uced With H ig h  Precision and Sharply Local ized Melting Areas 

G LASS enabled Edison to pro­
duce his first incandescent 

lamp, in which the "Edison effect" 
was observed. From this beginning, 
Fleming, Wehnelt, Reisz, von Lieben, 
and De Forest all used glass as the 
containers for their first electronic 
tubes. By 1934, 55 million glass tubes 
were being manufactured annually. 

A skeptical industry and public 
first saw metal vacuum tubes, made 
of steel, in 1935 and this seemed to 
herald the last days of the use of 
glass in electronic units. This was 
not so, however, for each one of the 
metal tubes contained glass. Less 
glass, to be sure, than formerly, but 
still highly essential glass. 

In any vacuum or gas-filled tube, 
there must be wire leads or con­
ductors connected to the electrodes. 
These must extend through the shell, 
metal or glass, to permit the tube 
to become a part of an electrical 
circuit. In ' the glass tube, the glass 
itself is an insulator and no prob­
lem exists in making proper connec­
tions. In the metal tube, however, 
the conductivity of steel does not 
permit bringing the leads through 
directly. Instead, an insulating bead 
or sleeve around the wire is neces­
sary. For this purpose, glass is the 
best material. Thus, even in the 
metal tube, glass still is necessary. 

Metal vacuum tubes contain a 
"header," which is the stamped and 
perforated foundation of the tube. 
Metal eyelets, of Fernico,  are in­
serted in the perforations and 
welded to the header. Glass-beaded 
wires are then inserted in the 
header eyelets and the assembly 
carried through gas flames which 
melt the glass beads and form a permanent air-tight seal between 
the glass and the metal. After as-

By YI N ZELUFF 
Associate Editor, Electronics 

sembly of the element structure 
(the grids, plate, and cathode) ,  the 
outer metal shell is fitted over the 
complete element structure and 
welded to the header. The tube is 
then ready for the evacuation pumps. 

STRESSES-Sealing of glass to the 
wire leads was solved in the early 
days of vacuum-tube research by 
W. G. Housekeeper, of Bell Tele­
phone Laboratories. When glass and 

Glass envelope and stem assembly of 
50,OOO-watt Westinghouse radio trans­
m i tt ing tubes. In  this  a i r-cooled 
type, the  anode is  the flanged base 
through which air is forced by blower 

metal are heated together and al­
lowed to cool, if the glass contracts 
differently from the metal a stress 
is set up which may cause fracture. 
If the seal is to be made air-tight, 
the glass must match the metal very 
closely in its thermal expansion co­
efficient. The Housekeeper seal lent 
itself to quantity production and 
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was quickly adopted. In this tech­
nique, the copper wall at the j oint 
is made very thin so that the cop­
per can deform enough to compen­
sate for the differential in expan­
sions. The thin wall is formed of a 
scale of cuprous oxide on the copper 
wire which fuses together with the 
glass sufficiently to give a vacuum­
tight seal. 

Tubes are not the only radio and 
electronic components that have 
benefitted from the use of glass. 
Condensers, too, in the early wire­
less equipment, contained sheets of 
glass between metal plates-an in­
dustrial version of the Leyden jar. 
Radio coil forms are now produced 
of glass that have a plus or minus 
constancy of diameter and pitch of 
one thousandth of an inch. Today a 
new glass-molding technique, the 
multiform process, allows glass to 
be molded into shapes that would 
not otherwise be possible. 

A valuable development brought 
about by war research is a glass 
j ewel bearing used in meters and 
instruments of electronic equipment. 
Sapphires, which were used for 
such bearings, were manufactured 
by hand abroad. Now a glass has 
been developed which can be used 
for instrument bearings. This glass 
substitute may replace the j ewels 
because it is better in certain ap­
plications. 

G LASS H EAT I N G-In conventional 
heating of glass by glass-working 
fires, the material is heated through 
the surface. The surface boiling and 
destructive loss of volatile constitu­
ents in this method limit the heat­
ing speed and the size and thickness 
of the parts that can be heated. 
Recently conducted experiments 
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made with electronic heating equip­
ment have shown that, given the 
proper conditions, glass can be 
heated electronically in three differ­
ent ways ; by dielectric heating, by 
induction heating, and by electrical 
conduction through the heated glass 
with gas-flame electrodes. The best 
method for a given application is 
determined by the nature of the par­
ticular operation to be performed, 
the properties of the glass to be 
heated, and the temperature range 
required in the processing treatment. 

Although glass has high dielectric 
value, and is, therefore, a good in­
sulator, induction heating has been 
used in an indirect method of per­
forating the glass envelopes of ca­
thode-ray tubes used in radar 
equipment, and as the picture tube 
in television receivers. In these, a 
connection must be made from an 
internal element to a metal cap at 
the side of the tube. The perfora­
tion for the cap is made by placing 
a metal slug inside the glass en­
velope at the spot where the hole is 
to be made. The cathode-ray tube is 
then positioned at an electronic in­
duction heating outfit so that the 
metal plug is heated sufficiently to 
melt the glass wall of the tube and it 
drops through the glass, leaving a 
perfectly round clean hole. The 
metal connection cap is then placed 
in position and its periphery sealed 
into the glass wall. 

A method of welding glass by the 
passage of high-frequency current 
through a restricted area where it 

is to be softened and flowed was re­
cently described by E. M. Guyer of 
the Research Laboratories of Corn­
ing Glass Works. In this technique, 
advantage is taken of the fact that 
glass, although normally a non-con­
ductor of electricity, will permit the 
passage of electric current when 
heated. 

Flames from small oxyhydrogen 
burners are used to preheat the 
glass parts to be welded. The flames 
are very small and sharp and re­
striction of the preheated area can 
be closely regulated. The preheater 
flames are too small to melt and 
work the glass, but they can and do 
raise the temperature of the glass to 
the point where it ceases to be an 
insulator and becomes a high-re­
sistance conductor. This happens at 
temperatures below the melting 
point and thus avoids destructive 
surface boiling. 

The flames next serve as gaseous 
conductors to direct high-frequency 
currents from the metal burner tips 
to the conducting paths already 
established in the glass by the k.:al­
ized preheating operation. Since the 
pin points are velocity directed, 
they impart controlled direction to 
the high-frequency discharge pass­
ing through them to the glass, thus 
serving as flexible, non-sticking, 
electrical brushes. 

The combination flame-electrodes 
also serve as variable resistances in 
series with the glass load, and exert 
a certain degree of control over the 
flow of the high-frequency heating 

current as they are moved closer to 
or farther away from the glass. 

The high-frequency current pass­
ing through the preheated paths in 
the glass produces a much greater 
heating effect inside the material 
than the small preheat flames which 
started the process, and variation 
of the welding current provides ex­
act regulation of glass temperature. 
Similar electrical high-frequency 
cross-fire systems have been ap­
plied with success not only to hand­
welding operations and to rotating 
electrical sealing lathes but also to 
automatic machines. 

WELDED G LASS P I P ES-Glass pipe 
lines have been developed that use a 
cleverly designed and carefully 
engineered flanged-joint system. 
This permits convenient lengths to 
be coupled and clamped together in 
the process of assembly. In certain 
types of service, however, an all­
glass, one-piece pipe line system 
has very definite advantages. 

Because of the high melting tem­
perature of thick-walled borosilicate 
glass pipes, the process of sealing 
together lengths of pipe with no 
other tool than a conventional glass­
fire is a tedious, time-consuming 
j ob requiring great skill on the part 
of the glass worker and resulting in 
a costly installation. The high-fre­
quency cross-fire method was re­
cently used successfully to weld all­
glass pipe lines. The simple portable 
equipment developed for this pur­
pose makes possible for the first time 

Photog raphed dur ing  operation, th is  mercury -a rc rectif ier 
in Al l is-Chalmers equipment suppl ies 1 00 ki lowatts af power 

A g lass-working lathe in  operation dur ing  one step i n  as­
sembly of a h i g h - power Federal transmitt ing vacuum tube 
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the rapid installation, repair, and 
servicing of all-glass lines of any 
length in the field. 

The ends of glass pipe are pre­
pared for welding by removal of 
irregular edges with a conventional 
hot-wire crack-off tool. The same 
instrument permits removal of a 
damaged section from a service line, 
preparatory to rapid repair by weld­
ing in a new section cut to length 
at the site of the installation. 

Pipe sections to be welded to­
gether are mounted in accurate axial 
alignment on a clamping j ig with 
the ends slightly separated. A small 
toggle lever permits free, easily con-

Gloss-seal ing lathe with electronic 
cross- fire gun developed by Corn ing  

trolled manipulation without loss of 
axial alignment and provides the 
necessary means for the smooth ap­
plication of welding pressures, or for 
the application of stretching forces 
to remove excessive upset. 

The two glass faces that are to be 
welded are pre-heated by the pin­
fires at the tips of the welding guns 
until the glass becomes conducting. 
Two skilled operators are located 
opposite each other so that both 
sides of the weld can be critically 
inspected at all stages of the opera­
tion. When they move the hand 
guns to and fro in slow rotary oscil­
lation, the pipe ends reach a uni­
form, barely visible dull red. 

Next, high-frequency electric 
heating is started and rapidly melts 
the two pipe sections together, while 
pressure is applied with the toggle 
lever and followed, immediately 
after the high-frequency power is 
shut off, by blowing and stretching 
to reduce the upset. Annealing then 
eliminates strains. 

High-frequency sealing on rotat­
ing machines demands less skill on 
the part of the operator since uni­
form heat distribution to the work is 
provided by the mechanically syn­
chronized, regular, and continuous 
!potion of the glass parts as they ro­
tate in the cross-fire. 

Experience in the systematic per-

formance of a sequence of properly 
timed steps and j udgment of glass 
temperature are necessary in the 
operation of high-frequency glass 
sealing lathes. Mounting and center­
ing irregular pieces on the rotating 
heads accurately enough to avoid 
wobbling and fast enough to keep 
up with modern production sched­
ules likewise require practice. 

AUTOMATIC OPERATION-Fully 
automatic machines into which 
glass parts are loaded and from 
which completely finished, electroni­
cally welded glass products are un­
loaded are now in operation. Elec­
tronic high-frequency sealing can be 
applied to many different glasses 
and many different kinds of glass­
ware with important advantages 
over conventional methods. High­
frequency generators are more ex­
pensive than gas burners, however, 
and there are many operations 
where electronic heating does not 
show sufficient improvement over 
gas to warrant the extra expense. 
For example, when close heat re­
striction and control are unimpor­
tant, there is little to be gained from 
the new methods. 

In operations where melting time 
is a significant factor in total pro­
duction time, and where accurately 
controlled and sharply localized 
melting can produce a superior ar­
ticle or perform a desirable opera­
tion which otherwise would be im­
possible, the electronic techniques 
have no equal. 

P I P E  F I N D E R  

Can be  Used t o  Locate or 
Measure Magnetic Fields 

CALLED the Gradientometer, a new 
indicating unit quickly locates mag­
netic fields and hence is useful in 
aircraft inspection, in locating lost 
tools and underground piping, in 
searching for conduits, and so on. It 
cancels out uniform magnetic fields, 
such as the earth's field, and is de­
signed primarily to locate magnetic 
gradients. It is easily converted into 
a Magnetometer that may be used to 
measure the strength of magnetic 
fields. 

M O LTEN M ETAL 

Pouring Controlled 
by Phototube 

I N ONE foundry, a single operator 
working from a remote station gov­
erns the pouring of several ladles 
simultaneously with the aid of a 
photoelectric control that automati-
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cally tips the pouring ladle back 
when the mold is filled. The heat, 
splashes of molten iron, and other 
hazards encountered in hand pour­
ing are completely eliminated and 
several molds are now poured in 
less time than was needed to pour 
one by the former method. 

As each group of empty molds 
moves into position before a ladle, 
a photoelectric control mounted di­
rectly above watches the riser open­
ing through a viewing tube. When 
the molds are in place, the operator, 
through pushbutton control of the 
hydraulic actuating mechanism, tips 
the ladles of molten iron and the 
white-hot metal flows into the 
molds. As it reaches the riser of each 
mold, the brilliant light thrown off 
by the molten metal signals the 
phototube that the mold is full. The 
electronic unit causes the ladle to 
drop back and the pouring auto­
matically stops. 

These photoelectric control units 
were made by Photoswitch, Inc. ,  
and installed in a foundry of the 
American Brake Shoe Company. 

V I B RATI O N  

Located b y  Use of 
Electronic Pick-Up 

CAUSE of vibration in grinding ma­
chines at the plant of a manufac­
turer of high-precision taps has been 
located by an electronic instrument. 
The vibration in one machine in par­
ticular was causing a large number 
of rej ects. 

A G-E electronic vibration veloc­
ity meter revealed that a set of gears 
in this machine, apparently in good 
condition, caused the vibrations. Re­
placing the gears eliminated the 
difficulty. 

The meter was also used for de­
tecting low-vibration areas in the 

Electronic v ibration detector at work 

plant as a guide in placing new 
equipment. 

The meter consists of a vibration 
pick-up and electronic amplifier 
which measures vibration velocity 
and, together with an integrating 
unit, vibration displacement. 
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M ETALS I N  I N DUSTRY Conducted by FRED P. PETERS 

G l a ss-Metal Co l l a bo ra t i o n 
From Mirrors to I nd ustrial Pum ps, Various Combinations of Meta ls and 

Glass  H ave been Developed to ,Serve Specific Purposes and to Solve 

Diffic u lt  Problems. The Electrical and Chemica l I ndustries Find Many 

Uses for Such Partnersh ips, Retain ing the Best Fea tures of Each 

By KENN ETH ROSE 
Engineering Editor. Metals and Alloys 

AT FIRST thought glass and 
metals might seem as in­

compatible as oil and water. Most 
common metals are strong, opaque, 
tough, and capable of a degree of 
cold-'working, while glass shatters 
at a blow, is ordinarily transparent, 
and cannot be cold-worked at all. 
Yet in the unending search for new 
materials, industry has j oined these 
unlikes in literally hundreds of uses, 
not merely in association with each 
other, but actually blended into unit 
materials. 

In 1835 a German chemist, von 
Liebig, heating acetaldehyde with 
ammoniacal silver nitrate in a glass 
vessel, noticed that a deposit of 
metallic silver formed on the glass. 
Five years later the process came out 
of the laboratory as one of the most 
familiar articles in which glass and 
metal form a unit-the mirror. Since 
von Liebig discovered the method 
for silvering glass, dozens of varia­
tions of his process have been in­
vented. 

In the usual industrial process 
for making mirrors today, the glass 
surface is properly cleaned, then 
primed or sensitized, usually with 

stannous chloride. Taking care to 
avoid touching the prepared surface 
with the hands, it is then treated 
with a silver solution and a reducing 
agent, such as sugar, tartaric acid, 
glucose, rock candy, pyrogallic acid, 
Rochelle salt, and so on. After the 
silver is deposited the mirror is 
rinsed and dried at room tempera­
ture. 

Modern mirrors are not merely 
articles for milady's boudoir. Mir­
rors for industrial and scientific pur­
poses range from tiny reflectors for 
use in electrical instruments such as 
the galvanometer to huge mirrors 
for telescopes. Nor do mirrors use 
silver exclusively. Gold mirrors · are 
occasionally used in optical re­
flectors, and for decorative and ad­
vertising purposes. Once they were 
supposed to possess magical powers. 
Small mirrors backed · with ruthe­
nium, the rare platinum-like metal, 
are used for medical and dental 
work despite their high cost. They 
have the great advantage of being 
unaffected by acids and alkalies. 
Platinum itself is occasionally used 
for backing mirrors. 

Use is made of the mirror-forming 

Left : A metal drive 
qu i l l  is bonded 

into g lass impeller 
for a centri­

fugal pump 

Photos courtesy 
Corning Glass Works 

Righ t :  Lead bush ­
ings in godet 

wheels are used to 
secure perfect fit 

on spindles in 
rayon mi l ls 

reaction in the preparation of the 
parabolic reflectors used for motion 
picture projection in theaters. An 
accurate mold of the reflector is 
first made in glass, and silver is 
precipitated on its surface. The 
thickness of the metal . film is then 
built up by electroplating a sufficient 
amount of copper onto the silver. 
To free the metal reflector from the 
glass mold, the whole is immersed 
in hot water, then in cold, alternat­
ing several times until the metal 
slips off. The silyer surface is then 
plated with rhodium to make it non­
tarnishing. 

ELECTROP LAT I N G  - Glass, like 
other electrical non-conductors, may 
be electroplated by first applying a 
conducting film to the surface. Fine­
ly divided carbon is frequently used 
for this purpose. In this way a film 
of any metal that can be electrode­
posited can be applied to a non­
conductor. Vaporized metals may 
be deposited on the surface of a 
glass article also, forming a mirror­
like composite. These metallic films 
find use in telescope and other re­
flectors as well as articles other 
than mirrors, as witness the familiar 
Dewar flask, the basis of the Thermos 
bottle, in which metallized surfaces 
serve for heat reflection ; the vacu­
um tube of our radio sets, shielded 
by a conducting film; and gold-let­
tered windows and doors. 

Metallized glass bottles and bottle 
closures are used as novelty con­
tainers, especially in the perfumery 
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and cosmetic industries. Gold letter­
ing, when applied to glazing in place, 
is accomplished by the use of metal­
lic gold leaf and an adhesive. Re­
cently, vaporization of magnesium 
has been tried for the production 
of Dewar flasks. Nickel mirrors have 
also been prepared from nickel car­
bonyl compounds. 

The incandescent lamp and the 
vacuum tube have presented their 
own problems in glass-metal col-

Courtesy OOmlD� 01 ... WorkS 

laboration. Early incandescent lamps 
were evacuated instead of being 
nitrogen-filled, and considerable dif­
ficulty arose in carrying the con­
ductors through the glass envelope. 
The greater expansion of the metal 
wire caused gradual leakage at this 
point. It was solved by sealing tiny 
bits of platinum wire into the glass, 
joining to baser metal inside and 
outside the envelope. Platinum was 
selected because its coefficient of 
expansion is very nearly that of 
glass. Cheaper alloys of low expan­
sion have since replaced the noble 
metal. 

SOLDER I NG-For certain types of 
vacuum tubes, the heart of the mod­
ern science of electronics, metal 
diaphragms must be placed in the 
walls of the glass envelopes. Metal 
must be fastened to glass so solidly 
that a hermetic seal is maintained 
even under the changing tempera­
tures of the tube in operation, and 
with an extremely high vacuum in 
...he tube. In those tubes intended for 
war use, as well as in many types 
for industry, vibration and shock 
are added service hazards. Metalliz­
ing techniques have been developed 
that permit soldering metal parts 
to the prepared area, the resulting 
bond being so secure that the glass 
itself will break before the bond 
fails. 

The ability to deposit metal films 
on glass is valuable in other elec­
trical applications also. Glass tubes 
with metallized bands serve as re­
sistors in electrical applications for 
which such special requirements as 

corrosion resistance must be met. 
Similar glass tubes with metal de­
posited as a coil may be used in 
transformers, obviating the use of 
wire coils. Wherever needed, this 
method makes it possible to plate 
conducting channels into one of 
electricity's best insulators, glass, 
conductor and insulator becoming 
one unit material. Silver films on 
glass form radio condensers of spe­
cial types. 

Electrodeposition of metals on 
glass is sometimes used in the 
chemical industry, where thermom­
eters must withstand hard service. 
When temperature readings are re­
quired in a time interval so short as 
to preclude armoring the thermom­
eter bulb, deposition of a heayy coat 
of corrosion-resistant metal over the 

Left : After 
glass is 

metal l ized, 
metal parts 

can be 
attached 

with a 
soldering iron 

Right : Glass 
l in ings protect 
medicinals -

in this 
case, a 

g landular 
concentrate 

dustries, glass tubing must some­
times be hermetically sealed into 
metal forms. The same metallized 
areas and soldering solve this diffi­
culty also.  

W I RE- D RAW I N G-Not all glass­
metal combinations consist of metal 
films on glass, however. A recent 
development in the wire-drawing 
industry illustrates an entirely dif­
ferent type of use. A difficulty in 
drawing wires of steel or stainless 
steel is the need for feeding thor­
oughly annealed metal into the 
wire dies, in which it must undergo 
severe cold-working. The metal 
must be free of surface oxides also, 
as these would be forced into the 
wire during the drawing operation. 
A means of annealing the wire has 

Courtesy Pfaudler OomPatlJ' 

bulb has proved effective in reduc­
ing breakage. 

Metal ornamentation of glass is a 
procedure of long standing. Gold 
and platinum bands are applied to 
glass tumblers by means of metal 
paints, consisting of the metal or its 
compounds mixed with an essential 
oil. The paint is applied to the sur­
face of the article, then fused in. 
For large-scale production the en­
tire operation is done mechanically, 
plain tumblers being fed into the 
machine by an attendant and re­
moved with metallic bands applied 
and fused in. 

For various mechanical purposes 
it is desirable to have metal lugs 
firmly attached to glass. Platinum or 
silver films, electrodeposited or 
painted and fused, form a basis for 
soldering such attachments. In high­
vacuum work in the chemical in-

been found in which a bath of 
molten glass is used. The wire is 
fed into the bath, which has a tem­
perature of 1900 to 2300 degrees, 
Fahrenheit, according to the type of 
steel, held there for from 10 seconds 
to three minutes for annealing, then 
withdrawn from the opposite side 
of the bath and coiled. A coating of 
glass adheres to the wire, preventing 
contact with air during the cooling 
period. As cooling progresses below 
the temperature range at which 
rapid oxidation occurs, the glass 
shatters and separates from the 
wire, taking any oxides with it. The 
glass may be collected and re-used. 

The same process may be used for 
narrow steel strip and its use for 
sheet steel and bar stock has been 
predicted. By a slight modification 
of the process, in which molten glass 
is sprayed onto the metal by spray 
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guns, the method has been adapted 
to annealing rods. 

To reduce corrosion of stainless 
steel wire during annealing, it had 
been standard practice to coat it 
with lead. The lead was difficult to 
remove completely. Glass processing 
was found to be not only satisfactory 
in itself, but also to provide a means 
of removing the lead coating when 
desired. 

Chemical equipment frequently 
makes use of the corrosion resistance 
of glass, but finds the strength and 
freedom from breakage of steel de­
sirable also. For large vessels not 
easily fabricated from glass alone, 
steel may be formed or partially 
formed to the required shape and 
lined with glass which is fused to 
the steel surface. By present tech­
niques it is possible to weld such 
steel-glass vessels to similarly lined 
pipe, and so to form the equipment 
into a single unit. Apparatus of this 
type finds use especially in the 
preparation of dyes, drugs, and 
medicinals, including vaccines and 
penicillin, which must be free from 
even minute particles of contami­
nating material. 

Godet wheels, used in the rayon 
industry, may be economically 
formed of glass, and here the corro­
sion resistance of glass is of great 
importance also. However, the glass 
wheel must be mounted on a steel 
spindle for operating. It has been 
found possible to cast a lead bush­
ing into the glass wheel, and to 
machine this bushing to fit the steel 
spindle accurately, so that the wheel 
functions with runout held to very 
close limits. 

The chemical industry also ap­
preciates the resistance to chemical 
attack offered by glass to the extent 
of constructing centrifugal pumps 
of this material. Here again there 
arose the problem of attaching the 
glass impeller to the metal drive 
quill. Use was made of those low­
melting bismuth alloys that have 
been adapted to so many new pur­
poses within the past few years. The 
steel quill was inserted into the 
glass impeller, and locked in place 
by pouring Wood's metal around it. 

ALU M I N U M  BEA R I N GS 

Stand Up Well 
Under Hard Service 

A SIGNIFICANT development in the 
bearings field is the growing use of 
aluminum-alloy bearings for heavy­
duty service. Alloyed with tin, and 
runn,ing against hardened shafts or 
j ournals, the aluminum bearings are 
successfully withstanding high loads 
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Final finishing of the intricate glass 
part then took place. 

An even simpler method of per­
manent attachment of glass and 
metal is used in the case of a glass 
float. The float must be attached to a 
metal rod to actuate a liquid shut­
off valve to a tank. In fusing the end 
of the glass float to seal it, a slight 
flange is formed in the glass. A 
threaded brass spud is then spun 
over the flange, and the rod screwed 
into the spud. 

METAL I N SERTS-It is frequently 
necessary to insert a small metal 
part, often threaded, in a glass form 
in order to attach other metal parts. 
Because of the difference in expan­
sion of glass and metal when heated, 
it has heretofore been almost impos­
sible to make these insertions at 
the time of forming the molten glass. 
A new process, called multiforming, 
offers a solution of the insert prob­
lem. Here the glass is powdered, 
then formed in a mold with the in­
sert in place, and finally sintered at 
a relatively moderate temperature. 

Metallic lead has been quite gen­
erally used for shielding operators 
from the harmful radiations from 
X-ray equipment, but it is frequent­
ly desirable to view the work dur­
ing the period of radiation. A type 
of glass containing 61 percent lead 
has been produced, offering X-ray 
protection equivalent to about one 
third its thickness of metallic lead. 
It is about twice as heavy as ordi­
nary glass. 

Applications in which glass and 
metals are close collaborators with­
out becoming a unit material are 
exceedingly diverse. Several recent 
developments are the use of metal­
supported glass fibers as filter units 
for air conditioning; steel-framed 
glass bricks for construction; glass 
fiber insulation of copper wire and 
other electrical conductors in ap­
plications where temperatures make 
combustible insulation undesirable ; 
watchmen's booths of armor steel 
and bullet-proof glass; and metal­
supported glass fibers for heat in­
sulation in domestic ranges, aircraft, 
and pipe lagging. 

in truck, tractor, and automobile 
engines. 

Among the most valuable proper­
ties they possess for this service is 
their high heat conductivity, which 
keeps surface temperatures down, 
and their good frictional character­
istics. Lightness, too, is often an im­
portant mechanical advantage. 

The aluminum bearings are made 
as solid bearings (rather than as 

linings) -usually cast. Considerable 
interest has recently been shown in 
aluminum bearings made from met­
al powders, which possess the addi­
tional advantages of lighter weight 
and greater oil-carrying ability be­
cause of their characteristic porosity. 

PREPLATE D  M ETALS 

Save Materials and 
Speed Production 

JUST taking hold at the war's out­
break, the idea of using "preplated" 
metals for various corrosion-resist­
ing products has found wide accept­
ance in the past few years. 

Instead of the conventional prac­
tice of buying strip steel, stamping 
or punching out the required parts, 
and then electroplating or lacquer­
ing them individually, ' the manufac­
turer may now purchase sheets or 
coils of steel or other base metal al­
ready plated in bright chromium, 
nickel, copper or brass. The pre­
plated strip may then be stamped or 
formed, the plate being such as to 
withstand any but the most severe 
operations without flaking or peel­
ing. 

Preplated metals are reported to 
have saved tons of critical corro­
sion-resistant alloys and much pro­
duction time during the war period. 

B LACKEN ED STA I N LESS 

Developed for War; Has 
Peace-Time Possibilities 

DEVELOPED originally to provide a 
corrosion-resistant metal that would 
not reflect light when used in gun 
parts, a new group of blackened 
stainless steels are now being studied 
by post-war-planning engineers for 
possible peace-time uses. 

The process, patented by Rustless 
Iron and Steel Corporation, may be 
applied to straight chromium or 
nickel-chromium stainless steels and 
consists of immersing the parts to be 
blackened in a molten bath of 
sodium ( or other) dichromate at 
about 750 degrees, Fahrenheit. An 
adherent, ductile, abrasion-resistant, 
O.OOOOl-inch-thick black coating re­
sults that does not harm the corro­
sion-resistance of the steel. 

Used in the Army's Garand rifle 
and in the Navy's Bludworth depth 
sounder, the blackened stainless 
steel is believed to have interesting 
possibilities for such peace-time 
products as bolts, screws, molding, 
trim, motion picture proj ectors, 
photographic equipment, surgical in­
struments, j ewelry, and other black 
parts requiring corrosion and heat 
resistance, stratospheric cold-tough­
ness, non-magnetic properties, and 
high strength-weight ratio. 
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RAI LWAY TRANSPORTATION Conducted by C. B. PECK 

Tu rb i n es O n Ra i l s 

FAMILIAR steam cylinders, cross­
heads, and main driving rods of 

the conventional locomotive are 
missing on the Pennsylvania's No. 
6200, and a large covered pipe ex­
tends alongside the boiler on the 
right side of the locomotive. These 
are the superficial earmarks of the 
first gear-drive steam-turbine loco­
motive in America. 

Structurally, this locomotive fol­
lows well- established lines. The 
usual cylinder castings have been 
replaced by a steam-turbine driv­
ing unit, which consists of forward 
and reverse turbines and speed-re­
duction gears which connect the 
turbines to the Number 2 and 3 
pairs of driving wheels. The large 
pipe on the right side of the boiler 
carries the exhaust steam from the 
forward turbine casing to the ex­
haust nozzle in the smokebox. This 
creates the draft j ust as in the re­
ciprocating steam locomotive, except 
that the steam and gases issue from 
the stack with a steady blow, un­
accented by the customary sharp 
beats of the exhaust of the recipro­
cating locomotive. 

The Pennsylvania Railroad be­
came interested in 1937 in improv­
ing the performance of steam pas-

Driving -axle and main driv ing-gear 
assembly. When completed the cush­
ion springs  between the gear and the 
axle -spider arms wi l l  be enclosed 

At Operat ing Speeds, the First Locomotive I n  America to be Dr iven by a 

Steam Turbine Gea red Di rectly to the Dr iv ing Wheels Com pares Fav­

orably With the Most Economica l  Rec iproca t ing U n its. A New Era of 

Ra i l  Power May be in the Making as this Locomotive Accum ulates 

Mi leage.  The U n ique Gea rs a re Being Carefu l ly Watched by Eng ineers 

senger locomotives by the use of 
a geared steam turbine instead of 
the customary reciprocating steam 
engines. In the development of the 
design, engineers of the Baldwin 
Locomotive Works worked with 
those of the railroad and of West­
inghouse Electric Corporation. The 
drawings were ready late in 1941. 
Wartime difficulties in getting mate­
rials required a number of changes, 
but the locomotive was finally de­
livered to the railroad in September, 
1944. 

The locomotive is designed to de­
liver 6900 turbine shaft horsepower 
in forward motion and is intended 
for high-speed freight or passenger 
service. The length and weight of 
modern passenger trains have grown 
so great, and the speeds demanded 
of freight trains have become so 
high, that the same kind of locomo­
tive has become suitable for both 
services. 

Because of the greater weight re­
quired by the substitution of cer­
tain non-critical materials for the 
stronger or lighter materials origi­
nally specified, it became necessary 
to replace the four-wheel leading 
and trailing trucks with six-wheel 
trucks and the locomotive is desig­
nated as a 6-8-6 type (six-wheel 
leading truck, eight-coupled driv­
ing wheels, and a six-wheel trailing 
truck) . The boiler carries a working 
steam pressure of 310 pounds. The 
pressure at the steam turbine inlet is 
285 pounds per square inch gage, 
and steam is delivered from the 
superheater to the turbine at tem­
peratures up to 750 degrees, Fahren­
heit. 

Three features of this locomotive 
are of outstanding interest. These 
are the turbine and reduction- gear 
unit, the unique adaptation of the 
quill drive so well established on 
electric locomotives, and the meth-

The reverse-gear turbine a n d  trans­
mission unit are bolted to the ma in  
gear  casing .  Clutch is a t  the left 

od of single-lever control of the 
speed and direction of the locomo­
tive. 

TURB I N ES AN D G EARS-The tur­
bines (there is a separate turbine 
for moving the locomotive back­
wards) and the reduction gears are 
assembled in a rugged casing which 
accurately maintains the alignment 
of all shafts. This casing fits into the 
space between the two main side 
frames of the locomotive and is sup­
ported at each end by a frame cross 
member. When assembled it com­
pletely surrounds the second and 
third driving axles. 

The forward turbine comprises 
one Curtiss two-row stage and five 
single-row reaction stages. Steam 
is admitted through four nozzle 
groups, each fed by a three-inch 
steam pipe. A steam header and 
throttle valve are located at the top 
of the smoke box behind the smoke 
stack. Steam from the superheater 
units is admitted to the nozzle pipes 
by four cam-operated valves which 
are opened in succession and which 
can be moved in small increments. 
Close regulation of speed and power 
is thus attained. 

At a locomotive speed of 100 miles 
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an hour the turbine shaft rotates at 
approximately 9000 revolutions per 
minute. The double-helical high­
speed pinions are on a hollow shaft. 
The drive shaft extends through the 
hollow shaft and is connected to it 
at the opposite side of the unit. 

The reverse turbine is a single 
Curtiss double-row stage which is 
mounted on an extension of the re­
verse pinion shaft. This double-heli­
cal pinion drives a double-helical 
reverse gear which, in turn, drives 
the main pinion through a dog clutch 
on the end of the main pinion shaft. 
The forward turbine is permanently 
connected to the gears and rotates 
when the locomotive moves back­
ward. 

Steam is admitted to nozzles in 
the base and cover of the reverse­
turbine cylinder from a single inlet 
pipe, which is supplied through a 
cam-operated valve similar to those 
which supply the forward-motion 
turbine. The maximum speed at 
which the locomotive should operate 
backward is 22 'miles an hour. At 
this speed the reverse turbine ro­
tates at approximately 8300 revolu­
tions per minute and develops 1500 
shaft horsepower. 

The main double-helical high­
speed pinion meshes with two pairs 
of double helical gears. Between the 
double helicals are the single spur 
gears, each of which, in turn, meshes 
with one of the large axle drive 
gears. 

Several features in this unit are 
unusual. The tooth loads and the 
surface hardness of the contact sur­
faces of the helical pinions and gears 
are more than double the values 
customarily used. Again, great care 
was exercised in the design to pre­
vent any possible locomotive frame 
distortion from being transmitted 
through the gear case to the heavily 
loaded gears and their bearings. To 
accomplish this the attachment of 

the gear case on the locomotive 
frames is through a three-point sus­
pension. At one end of the case is 
a wide horizontal tongue which fits 
into and is secured to the j aws of a 
horizontal bracket. The bracket is 
secured to the frame cross-member. 
Bosses both top and bottom along 
the sides of the tongue fit snugly 
between the j aws of the bracket and 
provide two points of suspension 
which fix the vertical alinement of 
the gear case between the frames. 
The position of the case is stabil­
ized at this end by rubber com­
pression blocks between the sides 
of the gear case and the bottom 
rails of the frames. 

Instead of a jaw-and-tongue at­
tachment, the bracket which sup­
ports the other end of the gear case 
on the locomotive frames has a 
longitudinal trunion which fits in a 
bearing in the end of the case. It 
will be seen that the gear case is 
thus completely relieved of stresses 
which rigid connections would 
transmit to it from slight torsional 
or lateral bending strains in the 
frames. 

QU I LL D R I V E-Since the gear case 
is attached to and alined with the 
locomotive frames, and the frames 
are supported on the driving boxes 
by springs and equalizers, it is evi­
dent that the alinement of the driv­
ing axles varies through a consid­
erable range from a parallel and 
concentric relationship to the axis 
of the driving gears. The quill drive 
was developed to meet this situation 
and has been used on a large num­
ber of electric locomotives. In these 
locomotives the frames and j ournal 
boxes are usually outside the wheels ; 
the driving motors, which occupy 
the space between the driving 
wheels, are rigidly attached to the 
frames. The rotation of the main 
gears is transmitted directly to the 

The fi rst direct- driven stea m - htrbine  locomotive bui lt  in the U"ited States 

driving wheels by spring-cushion 
cups on lateral proj ections on the 
gear which extend between and 
bear against the spokes of the 
wheels. The driving axles pass 
through the hollow shafts of the 
main gears with ample clearance to 
permit them to adjust themselves 
for the necessary changes in rela­
tive alinement. 

The same principle is employed 
on the steam-turbine locomotive. 
But because the driving wheels are 
outside the frames, the drive com­
prises a single low-speed spur gear 
for each of the two axles. Each gear 
is located on the longitudinal center 
of the frame and around the axle 

Transmission unit with covers re ­
moved from main gear  casing, forwa rd 
tu rb ine  ( left ) ,  and reverse turbi n e ­
( right ) . S p u r  gears between t h e  
he l ica l  gears mesh with t h e  a x l e  g e a r  

which it  drives through a single 
spider pressed on the axle. 

The hardened faces at the ends of 
the radial arms of the spider bear 
against spring-cushioned cups which 
slide in soc�ets on the inside of the 
low-speed spur-gear rim. The quill 
constitutes seats for roller bearings, 
one on each side of the gear center. 
The gear is alined by the outer 
housings of these bearings which 
are bolted in the sides of the gear 
case. 

The spring cups serve to cushion 
the turbine and gearing from the 
shock of sudden changes in velocity 
of the locomotive, as well as to 
transmit rotation between two mis­
alined systems. Enclosed in the re­
duction-gear case, they are lubri­
cated by a bath of heavy oil. 

Each gear delivers power to two 
pairs of driving wheels. To equalize 
the load on the two gears, all four 
pairs of drivers are connected by 
roller-bearing side rods. 

The bearings of the high-speed 
pinion and the high-speed gear are 
lined with a tin-base babbitt. Be­
cause of the high linear velocity of 
the high-speed pinion shaft in it!" 
bearings, more than the usual 
amount of clearance is required in 
the bearings. The bearings of the 
high-speed gears are internal, being 
mounted in the hollow-bored ends 
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Reduction -gear  casing and  dr iv ing­
axle assembly with the turbines re­
moved.  The c lutch for the reverse 
drive is seen at  the upper  center 

of the spur pinion shaft on which 
the two helical gears are shrunk. 
The bearings rotate with the gears 
on fixed steel trunions secured to 
the sides of the gear case. 

S I N G LE- LEVER CO NTROL - A 
single lever at the right side of the 
cab and immediately in front of the 
engineman's seat controls both the 
speed and direction of the locomo­
tive. The lever moves forward and 
backward in a slotted quadrant. 
The slots are parallel but not in line 
with each other and at the central 
position of the lever in the middle 
of the quadrant it can be crossed 
over from one slot to the other. 
The central position of the lever is 
the "off" position. Moving it into the 
forward slot controls the flow of 
steam to the forward turbine. The 
flow of steam and the speed of the 
locomotive are increased as the for­
ward movement of' the lever is in­
creased. Moving the lever back 
towards the center of the quadrant 
reduces the steam flow and at the 
center stops it entirely. With the 
locomotive at rest, crossing the lever 
over and moving it backward in 
the rear slot first engages the 
clutch between the backward tur­
bine reduction gear and the end 
of the double-helical high-speed 
pinion shaft in the main gear case 
and then admits steam to the back­
ward turbine. Until the clutch is 
engaged, steam cannot be admitted 
to the turbine. 

These functions are performed by 
a so-called "pneudyne" control sys­
tem furnished by the Westinghouse 
Air Brake Company. The pneudynes 
are pneumatic cylinders controlled 
by air valves. The one for the for­
ward motion is located on the 
engineman's side of the locomotive 
and rotates the throttle-valve cam 
shaft through a rack and pinion. 
The reverse pneudyne is located on 
the fireman's side of the engine and 
is connected by lever to the reverse­
throttle cam shaft. The system in­
cludes over-speed and low-Iubricat­
iug-oil-pressure protection valves. 
These operate to close either 

throttle by exhausting the control 
air to the atmosphere if the locomo­
tive speed exceeds 110 miles an hour 
forward and 25 miles an hour back­
ward, or if the oil pressure falls be­
low five pounds per square inch. 

The clutch which transmits power 
from the reverse turbine to the 
main gear case is hydraulically ac­
tuated. Engagement or disengage­
ment of the clutch when the loco­
motive is moving is prevented by a 
"zero speed" interlock in the pneu­
matic-control circuit. 

B O I LER-The boiler is of large ca­
pacity with a total combined 
evaporative and superheating sur­
face of 7042 square feet and a large 
firebox and combustion chamber 
with a grate area of 120 square feet. 
Its largest outside diameter is 102 
inches. One of the reasons which 
makes the large boiler possible 
is the small diameter of the driv­
ing wheels. Because of the desir­
ability of keeping piston speeds 
within certain limits, the diameter 
of the driving wheels of reciprocat­
ing steam locomotives intended for 
high-speed service are usually not 
less than 78 inches and are fre­
quently 80 inches. Because of the ­
absence of pistons, the uniform 
torque of the turbine, and the com-

Reverse -gear  casing with top removed 

plete rotating balance of the wheels 
and their side rods, there is no need 
to keep down the revolutions per 
minute of the turbine locomotive 
driving wheels. They are only 68 
inches in diameter on No. 6200. This 
admits of a larger boiler without 
exceeding top clearances. 

No. 6200 carries 260,000 pounds on 
the driving wheels and the total 
engine weight is 580,000 pounds. 
The tender, loaded with 18,000 gal­
lons of water and 37% tons of coal, 
weighs 449,400 pounds. The locomo­
tive exerts a starting tractive force 
of 70,500 pounds forward and 65,000 
pounds backward. 

STEAM CON S U MPTION - Unlike 
the reciprocating steam locomotive, 
when steam is admitted to the steam 
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turbine there is nothing to prevent 
it from blowing through to the ex­
haust even though the blades of the 
turbine rotor are stationary. In the 
reciprocating engine, it is only after 
movement of the pistons that steam 
can be exhausted from the cylin­
ders. Hence, the steam turbine has a 
very high rate of steam consumption, 
measured in pounds per horsepower 
hour, in the starting and slow-speed 
range. 

The unit consumption drops 
rapidly, however, and in the normal 
range of operating speeds the steam 
consumption of the turbines seems 
likely to compare favorably with 
the most economical reciprocating 
locomotives, if not better than some 
of them. In measuring this per­
formance against the high efficiency 
of the steam turbine in central­
station practice, it must be remem­
bered that the turbines on locomo­
tive No. 6200 operate at relatively 
low initial pressure and that they 
exhaust to the atmosphere-that is, 
they operate non-condensing. 

T U R B I N E  LOCOM OT IVES 

Three More Types 
Coming Along 

PARTICIPATING in a co-operative de­
velopment of a steam-turbine­
electric locomotive which has been 
under way since November, 1944, 
are General Electric Company, 
Babcock and Wilcox Company, and 
nine railroads. This locomotive will 
burn pulverized coal, will generate 
steam at 650 pounds per square 
inch, and will develop 6900 shaft 
horsepower in a non-condensing 
turbine. By the use of pulverized 
fuel the sponsors anticipate the pro­
duction of a horsepower-hour at the 
drawbar with one third less fuel 
than required by the most efficient 
conventional steam locomotives. 

Turbine-driven steam locomotives 
departing from the conventional 
locomotive form have been proposed 
by the Pennsylvania and the Chesa­
peake & Ohio Railroad. In general 
arrangement the two locomotives 
will look somewhat alike. The one 
for the Pennsylvania, however, will 
be driven by two geared steam tur­
bines developing a total of 9000 
horsepower. That for the C. & O. 
will be driven by a 6000-horsepower 
steam turbine through electric gen­
erators and motors. The basic de­
signs have been completed by the 
Baldwin Locomotive Works. The 
electrical equipment will be built 
by the Westinghouse Electric Cor­
poration. 
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I N  OTH ER  F I ELDS Conducted by The Staff 

So l a r i za t i o n  
Glass i n  U l tra -Violet Lam ps Tends to Deteriora te or  Sola rize as  the 

La m ps a re Used. A New Glass Has  N ow Been Developed wh ich  Tra ns­

m i ts U l tra -Violet Radiat ion Freely but  Does Not Sola rize. How i t  Was 

Determ ined that Alka l i  i n  Glass is  the Cause of Sola riza tion 

By DR.  HARVEY C .  R ENTSC H L E R  
Director o f  Research, Lamp Division 

Westinghouse ElectrIc Corporation , Bloomfield,  New Jersey 

T HE EFFICIENCY of an ultra-violet 
lamp is dependent upon the 

ability of the glass to transmit short­
wave ultra-violet radiation ; in many 
commercial lamps the life of the 
electrode governs the life of the 
lamp. Together, then, the glass and 
the electrode govern the overall 
useful production of ultra-violet 
radiation. 

There are now available bac­
tericidal ultra-violet lamps having 
electrodes of indefinite life, but full 
advantage of these long-lived elec­
trodes could not be taken because 
of the deterioration or "solarization" 
of the glass which resulted in a de­
crease in its ultra-violet transmis­
sion efficiency. 

Recently, however, there has been 
introduced a new glass which prac­
tically solves this problem. Manu-

factured by the Corning Glass 
Works under the trademark Vycor, 
it possesses the unprecedented char­
acteristics of being able to transmit 
almost perfectly all ultra-violet 
radiation of wavelengths longer 
than about 2500 angstrom units and 
shows very little, if any, solarization 
upon exposure to short-wave radia­
tion. At the same time, this glass 
transmits very little radiation below 
2000 angstroms. This factor elimi­
nates the production of excessive 
quantities of ozone by these short 
wavelengths, which is one of the 
obj ections to using quartz for bac­
tericidal lamps. 

Vycor is a borosilicate glass con­
taining about 96 percent silica. In 
some respects, it is similar to quartz. 
It has an expansion coefficient of 
of 7.5 X 10-7, which makes it neces-

Dr. Rentschler, the author 
of the accompanying 
article, i nserts ( left ) 

a carbon cup  con ­
tai n ing  powdered g lass 

into the lower jaw 
ot the spectroscope's a rc 

stand.  I t  was in  
the course of such work 

that the cause of sola rization 
of g lass by u l t ra -

violet rays was determined.  
R ig h t :  A c lose - u p  of  a 

burn ing  sample in  
the carbon electrode 

a fter ign it ing 

sary to j oin several types of glass 
to form a graded seal so that a 
glass having an expansion coefficient 
close to that of the metal electrode 
leads can be used to produce a 
vacuum-tight j oint at the point 
where the leads are sealed into the 
lamp. 

Zschimmer (Physik, Zeitsch. 8, p. 
611-1907) pointed out that boric 
oxide, B203, and silica, Si02, in their 
pure state are very transparent evel 
below 2000 angstroms, that the addi­
tion of metallic oxides lessens the 
transparency, that sodium oxide, 
Na20, acts more strongly than potas­
sium oxide, K20, and that lead ox­
ide, PbO, absorbs very strongly. 

M ETAL OX I D ES-The absence of 
transmission of ultra-violet in ordi­
nary window glass is generally at­
tributed to the presence of metallic 
oxides in the glass. In addition to 

the alkali oxides mentioned above, 
all glasses contain small traces of 
iron, magnesium, aluminum, man­
ganese, and titanium. Solarization 
has been commonly attributed to 
the action of the ultra-violet in con­
verting the metallic oxides from one 
form to another. 

The fact that Vycor and quartz 
show only negligible solarization as 
compared with the solarization as­
sociated with all the glasses that 
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S E N S A T I O N A L  WA R B A R G A I N S 
LENSES & PR ISMS 

SILV E R E D  TA N K  P R ISM &0-45-45 degree, 5%." long, 2 % "  wide, finely 
ground and polished. Would normally retail from $2< 
to $30 each. 
Stock #3004·S . . . . . .  . . . .  $2.00 each PtlStpai d  

( Illustrated booklet on Prisms included FREE ) 
F O U R  SI LV E R E D  TA N K  P R IS M S­

S P ECIA L $7.00 
Postpa, id . . . This is the most sensational bargain 
\\'P h:�n' �H'r h�en able to offer . 

VIOLET 
IN DIGO 
BLUE 
G REEN 
YELLOW 
ORANGE 
RED 

HOLD PRISM IN SUN'S RAYS 

SPECIALS I N  LENS SETS 
Set #1·5 - "Our Advertising Spec ial" - 15 lenses 
for $1. 60 Postpaid, plus 1 0 ·page idea booklet. For 
copying, ULTRA CLOgE-UP SHOTS, macrophotog­raphy, uPerlmental optics, magnifying and for making 
a two power f/ 1 6  Telephoto Lens, "Dummy Camera," 
Kodachrome Viewer, DET1�CHABLE RE�'LEX VIEW· 
�'lNDER for 3,5 mm. cameras, stereoscopic viewer, 
gr.ound glass and enlarging focusing aids , TELESCOP,ES, 
low power Microscopes and for many other uses . 

Set #15·S - "The Experi menter's D ream" - 62 
Lenses, Prisms and Optical Items, ood N ew 50· Page 
Book, "Fun With Chipped Edge Lenses." $1 '5 .00 Post­
paid. The variety of Lenses and Prisms in this set 
will enable you to conduct countless experiments, 
build a great variety ()f Optical EQUipment. A sensa· 
tional buy. 

N EW 50· P A G E  I D EA B O O K  " F U N WIT H 

C H I P P E D  E D G E  LENSES" 

Contains wide variety of projects and fully covers the 
fascinating uses of all Lenses in sets listed abo\'e . • • 
only $ 1 . 0 0  Postpaid. 

RAW O PTICAL G LASS . . .  An exceptional oppor­
t llnity t o  secure a large variety of Optical Pieces 
uath Crown and Flint glass ( seconds) in varying 
stages of processing. Many prism blanks . 

TA N K  P R I S M S  
90-45-45 degree prisms of huge size-
5 %" long, 2 Vs " wide, finely ground 
and polished. Used to build a Peri­
scope . . .  excellent also for experi­
ments, classroom demonstrations at 
high schools, colleges, camera clubs,  
astronomy clubs.  Some of our inge­
nious customers have used these 
Prisms to make camera stereo attach­
ments, photometer cube, range finder, 
etc. Normally, these Prisms would re­
tail from $24 to 30 each. 

SEE THE COLORS O F  THE SPECTRUM 
It's easy to remove the silvering from a silvered 
prism to make an interesting experiment. Hold 
prism in sun' s rays as shown in drawing. White 
incident light which passes through prism is thus 
broken up into a band of primary colors known as 
the spectrum-a beautiful sight ! By looking through 
a tank prism at a certain angle, you can see a 
world of colors everywhere. Truly amazing ! 

M I SCELLAN EOUS ITEMS 
StockNo .  I tem Pr i ce  
�006·S-Porro Abbe Prism. Each . . . . . . . . . . . . .  $0.25 
30l6·S-Pentagon Prism.  Each . . . . . . . . . • . . . . .  .75 
2024·S-10 Pieces Circular A-I Plate Glass 

(Diam. 31 mm. - for making Filter ) . .  .25 
1004·S-2 Reducing Lenses . . . . . . . . . . . . . . . . . .  1.20 
3001·S-Lens Surface Prism. Each . . . . . . , . . . . .  2.00 

503·S-No . 1 Sable Hair Lettering Brush. Dozen 1.00 
3021·S-Amici Roof Prism (3rd Grade ) .  Each . . •  .25 
4009·S-Heat Absorbing Glass 4 "  x 5 " .  �}ach . . .35 
4010 ·S-HMt Absorbing Glass 2 "  x 2". Each . . .  .10 
2020·S-40 mm.  Neg. Lens, Cross Lines. Each . . .25 
3020·S-Right Angle Prism 4 8  mm. wide ( 3rd 

grade. ) Each . . . . . . . . . . . . .  . . . . . . . .  .35 
523·S-Six Threaded Metal ,Reticle C ells . .  , . .25 

26·S-First Surface Aluminized Mirror, Dlam. 
1 14 ". Each . " . . . . . . . . . . . . . . . . . . . .  .25 

624·S�Neutral Ray Filter size 4%. "x2 % " . . .  .25 
3022·S�Round Wedge 6 5  mm. Diam. Each . . . . .  5.00 
3036·S-Roof Prism - 80 degree, face 1 % "  

wide. Each . . . . . . . . . . . . . .  , . . . . . . .  4.00 
22·S-Inclinometer-Aircraft type. Each . . . . . .  .25 

704·5--Lens Cleaning Tissue, one r eam ( 4 80 
sheets ) , size  7 % " x 1 1 ·' . . . . . . . . . . . . . 1 .50 

6002·S-Educational Set.  1 blank and 1 finished 
Porro Prism (3rd grade ) Set . . . . . . . . .  .25 

l003·S-50 Power Microscope Lens Set . . . . . .  .70 
1028·S- 8 Power Mounted �Iagnifier Each . . . . . .  .35 

M i n i m um order-$1. 00 

Stoc k #703·S -- 8 lbs . ( minimum weight ) .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  $5.00 Post paid WAR SU RPLUS ACH ROMAT I C  LEN SES 
Stock #702·S - 1 % lbs. . . .  $ 1 . 0 0  Postpa id 

K E L L N E R  EYE PIECE L E N S  . . . Focal 
Length 1 %, inrhes. Diameter of eye lens 16 mm. Diameter of field lens 2 5  mm. Eye 
3 ehromat l'lll'eady cemented. 
Stock #6108·S ' . . . . .  $1.00 Postpaid 

P E R FECT A C H R O M ATIC TEL ES C O P E  O BJ E C ·  
T I V E  L E N S  . . . Diam. 1 % inches, �' . L .  20 
inrhes. 
Stock #6091·S . . . . . . . . . . . . $5.00 Post pai d 

C L EA N I N G  B R U S H  SET . . . For Lenses. 
Optical instruments, etc. Perfect Quality -
12 inch Flexible Plastic handle, hollow circu­
lar r onst .  ,Range from stiff to very soft. 
1 Hrn"hp" to set. 
Stod #504·S- ( R eg. $ 6 . 00 value)  Price  $1.00 

D i a. 
Stock N o. in mms. 

6017·S* 1 2  
6019·S' 1 5  
6023·S* 2 5  
6078·5' 33 
6081·5' 35 
6082·5* 3 7  
6084·S* 4 1  
6085·S 4:; 
6086·S* 4 9  
6089·S 5 fi  
6094·S 1 6 
6111·S 1 6 
6116·S' 41 
ASTE RISK E D  ITE M S  may 
l\,ofagnesium F1uoride c oating 

F. L. 
i n  m ms. Comments Pr ice  

8 0  Cl"mcnted SOc 
4 1  Cemented 60c 95 Cemented 75c 

1 4 0  Uncemented 70e 
5':' Uncemented 70c 
5 7  encemented 70c 66 Uncemented 70c 

1 3 5  Uncemented $1.00 
7 5  TTncement ed 90c 90 Uncemented $1.00 
7 5  Perfect· Cement c d  $1 . 00 36 Cemented 75c 66  Cemented $1. 00 

be requested with lle\y low r eflection 
a t  1 0c extra .  

All Items Finely Ground and Polished 

but Edges Slightly Chipped or Other 

Slight Imperfections Which We Guar­

antee Will Not Interfere with Their 

Use. Come Neatly Packed and Marked. 

YOU CAN EAS I LY MAKE 

Telescopes, M ag n ifiers, Photograp h ic Gadgets a n d  

H u ndreds of Experi ments w i t h  these L o w  Cost 

Lenses. 

To translate m i l l i meter measurements : 25.4 m m .  

equals  olle i n ch .  

8 M M .  M OVIE P R O J ECTI N G  L E N S  S ET­
Consists of 2 �%chromatic Lenses, diam. 15 mm. 
and a F .iL . when combined of aJ)prox. Olle inch. Each 
lens has the new magnesium fluoride low reflection 

coaUng. . 
Stock #4011·S  . . • . . . . . . . . . . . . . .  · $1.40 Postpa i d 

P O LA R O I D  ( Dyed to redllce light transmission ) ­
Suitable for Exper imentat ion .  
Consists 2 discs-2 % " diam. Some imperfections jn 
glass .  
Stock #622·5 . . . . . . . . . . . . . . .  . .  $1.00 Postpai d  

12. POWER C O L O R  CO R R ECTED M A G N I F I E R  SET 
---"Consists of two 1 5  mm. diam. magnesium fluoride 
low reflection coated Acll!'omatir Lenses and section 
of metal tubing for mount. 
Stock #1029·S . . . . . . . . . .  . . . . . . . .  1 . 50 Postpaid 

R ETIC LE S ET . . . Five assorted, finely en�!'aved 
Reticles from U. S. GUllsights. An unusual group 
• • . just like those assistinli! our gunners to train 
sights on Tokyo. Worth several dollars each.  
Sto'ck #2035·S . . . . . . • . . • . . . . . . . $1.00 Postpaid 

PO R R O  PRISM SET F R O M  A R M Y'S 6 POWER 
BI N O C U LA R  Consists of 2 Porro Prisms to make an 
erecting system for a Telescope. 
Stoc k #3010·S . . . . . . . . . . . . . .  $1.00 Postpa id  

M A G N I F I E R  S ET . . . 5 Ma�nifyillg Lenses . . .  
Powers from 1 to 1 0 .  Various tUam.  for many uses . 
Free Book let on Home-made magnifiers included . 
Stoc k  #1026·S . . .  . . .  $2.00 Postpaid 

COLO R F I LTERS 

1 Red and 1 Yellow Filter i n  following Diam. 
( Prices below include 2 filters)  
2 0  mm.  ( seconds) . . . .  . . . . . . . . . .  401 
3 2 . 5  mm. ( seconds ) , . . . . . . . . . . . . .  70\' 
3 7  mm. ( seconds ) . . . . . . . . . . . . . 70¢ 
4 5 . 5 mm.  ( seconds) . . . . . . . . . . . . . 90(' 
3 1  mm. ( seconds ) . . . . . . . . . . . .  701 

( M i n i m um Order  on A bove-$1 .00) 

L E N S  FO R K O D AC H R O M E  EYE·VIEWER . . . 
Color corrected cementt'd lens 4 1  mm. diam. ,  66 
mm. F.  L . '  
Stock #6116·S . . . . . . . . . . . . . . . .  $1.00 Postpa id  

TAN K  PERISCOPE 
Comp lete Set M o unted Components 

Rugged, strong, originally construeted for U. S. 
Tank Corps. Consists of '2 fine Pe riscope i\1irrors 
mounted in metal and plastic. Ouly pb'\vood  body 
frame is  reqnired to finish this C'xcl'ptional Peris{'(l�}('. 
��jl'st surface mirror is well proterted by glas$ 
windows. Set weighs 2% lbs. O\erall length of 
mount 6 Vs "� width 2 % " . Would normany retail , at $40  to $50 .  
Stock #700·S . , . . . . . .  $3.00 Complete S e t  Postpaid 

TWO SETS (4  U N ITS) . . . . . . . . . . . . . . . . . .  . 
. . . . . . . . .  , . . . . . SPECIAL $5.50 Postpaid 

ORDER BY SET OR STOCK NO. SATISFACTION GUARANTEED 

EDMUND SALVAGE COMPANY • P. O.AUDUBON, NEW JERSEY 
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Exa min ing spectra of glass samples 

have been used in bactericidal lamps 
suggested that a spectroscopic 
analysis be made of the different 
glasses as well as of Vycor and 
quartz in an effort to detect traces 
of the impurities which might be re­
sponsible for causing the solariza­
tion. 

In making this analysis, the mate­
rial to be tested-Vycor, quartz, or 
glass-was ground into a fine pow­
der in an agate mortar. A mixture 
of equal amounts of the powder 
and of sucrose carbon was placed 
in a hollow spectroscopic carbon 
electrode. An arc between this elec­
trode and . a second carbon, focused 
on the slit of a large spectrometer, 
vaporized the material contained in 
the cup and the resulting spectrum 
was photographed in standard man­
ner. 

The spectral region used spans 
wavelengths from 550 to 3570 ang­
stroms. All the metallic elements 
which are commonly present in 
glass have strong lines in this region 
of the spectrum and a comparison 
of the relative intensities of the 
lines of the metals in the different 
samples makes it possible to detect 
relative amounts of impurities in 
the various materials examined. 

Spectrograms were taken for a 

• 

FI RE·PROOF GASOLINE 

Developed by 
Petroleum Industry 

A GASOLINE with an octane rating 
equal to that of aviation fuel, but 
which is as safe to handle as ordi­
nary kerosine, is one of the newest 
commercial developments in the 
petroleum industry. Experts claim 
that its use in airplanes will reduce 
the fire hazard by almost 90 percent. 
Recent tests of this new gasoline 
showed that it will not ignite even 
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number of glasses which have at one 
time or another been used in mak­
ing Sterilamp bactericidal ultra­
violet tubes. In addition to these, 
a number of samples of Vycor and 
of both fused quartz and quartz 
crystals were likewise tested. 

The spectrograms of the glasses, 
the Vycor, and the quartz all showed 
the same amount of iron in all the 
samples tested, as nearly as can be 
judged from the intensities of the 
prominent lines on the spectrograms. 
Similarly, the spectrograms indi­
cated the presence of the same 
amounts of magnesium, manganese, 
aluminum, calcium, and titanium in 
all the samples. 

I N FLU ENCE OF ALKAL I-The so­
dium doublet of wavelengths 3302.9 
and 3302.3 angstroms was strong in 
the spectrograms of all the glasses 
but was completely absent in the 
spectrograms of all the Vycor and 
quartz samples, indicating that the 
presence of alkali in some form or 
another influences the solarization 
of the glasses and explaining the 
absence of this action with Vycor 
and quartz. 

Another interesting observation 
about Vycor was made in an in­
vestigation carried out in addition 
to the spectroscopic analysis. It was 
found that the intensity of bacteri­
cidal radiation from a discharge 
through mercury vapor in Vycor, 
at one meter from the lamp, is more 

'than that from a similar quartz lamp. 
This is because a negligible amount 
of ozone is generated by the Vycor 
lamp to absorb the 2537 -angstrom 
radiation. 

Although there are difficulties in 
processing Vycor into the lamps, this 
is more than compensated for by 
the longer life and more uniform 
output during the life of a Vycor 
lamp. This is highly important be­
cause, for most effective protection 
against contamination, it is essen­
tial that bactericidal ultra-violet 
radiation be continuous and of . uni­
form intensity. 

• 

when splashed directly over an open 
flame. Tested under the same con­
ditions, ordinary high-octane gaso­
line exploded and burned when 
splashed eight feet away from the 
open flame. 

As long ago as 1931, Standard Oil 
Company (New Jersey) developed 
in the laboratory a gasoline which 
was practically free from the danger 
of accidental ignition under normal 
operating conditions, and which was 
at the same time equal or superior 
in octane rating to the best of the 

flammable types of gasoline in op­
erating efficiency. (This work was 
first reported in Scientific Ameri­
can in March, 1932.)  

Since that time the expansion of 
high- octane production facilities re­
quired by the war effort has made 
it necessary to construct large 
amounts of equipment which can 
now be used in the manufacture of 
this fire-proof gasoline. 

The advantages of flame-proof 
gasoline in the safe operation of the 
giant Clippers . carrying over 200 
p<lssengers, which Pan-American 
World Airways plans to operate in 
its post-war global service, is obvi­
ous. In the event of a forced landing 
on water, in which the fuel tanks 
are damaged, spilling several tons of 
gasoline on the water, the chances 
of an explosion and fire is mini­
mized to the point of being almost 
negligible. 

TENS I O N  V I B RATOR 

Supplies Data on 
Effects of Small Stresses 

FATIGUE resistance testing, by vibra­
tion, of cords for tires, belting, and 
a long list of products in which fab­
rics play a leading role, as well as 
filaments for other purposes, is ac­
complished by a new cord tension 
vibrator which makes it possible 
to supplement information on tensile 
strength with new data on the 
ability of the cord, fabric, or fila­
ment to withstand repeated small 
stresses far below the tensile 

Setting up the cord tensiol1l vibrator 
which inc ludes provision for deter­
min ing effects of heat on cord l ife 

strength of the material. This has 
been designated by the broad term 
"fatigue resistance." 

Effects of variation in tempera­
ture, yarn composition, and the fiber 
structure on the fatigue resistance 
of the material under test can be 
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accurately measured with the new 
Goodrich apparatus. Vibration rate 
can be changed and heat can be 
applied, to meet the needs of the 
particular test. 

FM RECEIVER 

Can be Built to 
Cover Wide Wave Band 

EXPERIMENTS at the John Meck In­
dustries, Inc. ,  laboratory prove that 
it is possible to manufacture a fre­
quency-modulation receiver which 
will operate not only in the 42-50 
figure megocycle band but will also 
cover the proposed wide range of 
84 to 102 megocycles now being con­
sidered by the Federal Communica­
tion Commission. The circuit is not 
a two-band set, and does not call 
for remodeling of an original set at 
the factory or by local service men. 
The wavelength bands are not 
changed by means of switches, but 
the circuit will not cover the unused 
band between 50 and 84 megocycles. 
However, if the Commission should 
change its mind and use the wave­
length between 50 and 84 mego­
cycles, a set could be built to cover 
the entire wavelength band. 

G R E E N HOUSE LAM PS 

Kill Plant Enemies 
And Provide Vitamins 

SOIL sterilizing units and ultra­
violet ray lamps are stamping out 
disease and stepping up production 
in greenhouses, according to elec­
trical manufacturers. 

The sterilizer heats the soil to a 
temperature of 160 to 180 degrees 
for 30 minutes, killing plant disease 
organisms as well as insects, fungi, 
and weeds. 

At the same time, the plants re­
ceive an extra dash of vitamin D. 
Ultra-violet lamps supplement the 
sun in providing the vitamin sup­
ply. Infra-red lamps provide local­
ized applications of heat. 

Fluorescent lighting, duplicating 
daylight, is used to exhibit the 
flowers and plants in their natural 
colors. 

T U N GSTEN 

Broadens Its Use With 
New Technology 

POWDER metallurgy utilizes various 
properties of metals to their best 
advantage and is a vital element in 
the production and control of mil­
lions of dollars worth of products 
each year in tungsten alone, Dr. 
Zay Jeffries recently said at the 
Powder Metallurgy Laboratory of 
Stevens Institute o£ Technology. 

'fA good example of the application 
of powder metallurgy is the ce-

mented carbide," said Dr. Jeffries. 
"This material, which consists es­
sentially of hard particles of tung­
sten carbide sintered with a small 
quantity of metallic cobalt, utilizes 
the tremendous hardness of the car­
bide for cutting and wear-resistant 
properties and it utilizes the tough­
ness of cobalt to keep the hard, 
brittle tungsten carbide in one piece 
in service. 

"Another example of the use of 
powder metallurgy is in the produc­
tion of tungsten rod and filaments 
for the lamp, radio, electrical con­
tact, and other industries. In this 
case, the melting point of tungsten 
is so high that no satisfactory meth-

Frozen eggs in cans 
h ave been replaced 
b.v celloph ane lined 
cartons - P h o to 
courtesy, Du Pont, 
T¥iimington, Dela­
'(OGre 

od has ever been found of melting 
and casting it into ingots. The 
tungsten powder is produced by re­
ducing tungsten oxide with hydro­
gen. The powder is pressed into 
briquets and heated by the passage 
of electric current to a tempera­
ture near 3200 degrees, Centigrade. 
At this temperature the briquet 
consolidates into an ingot which is 
then worked into rod and wire. Not 
only is powder metallurgy prac­
tically necessary for shaping tung­
sten but, by adding certain in­
gredients to the powder, vital grain 
size control is effected which, so 
far, has been found impossible to 
duplicate by the fusion method." 

Eggs in (;ellophane . . . 

War economy has changed packaging materially with cartons 
replacing heavy metals ; cellophane liners for tin ; revolu­
tionary new moistureproof wraps replacing foils but net 
weights for the contents are still the same. Thirty pounds of 
frozen eggs are still thirty pounds whether they go into 
cellophane or tin for quick-freeze. Guesswork filling is just 
as unsatisfactory as ever no matter what type of container. 
Profitable liquid·fill operations are best handled by sound 
pre·determined fraction·ounce weighing. Gravity feeding to 
floor or low bench installed EXACT WEIGHT Scales gives 
you a simple, efficient operation for volume packaging with 
profitable results. Write for full details for your plant. 

THE EXACT WEIGHT SCALE COMPANY 
65 West Fifth Ave" Columbus 8, Ohio 

Dept. Ad. 783 Yonge St., TorC1nto, Canada 
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N ew P rod u cts 
P rocesses  

CENTER LOCATOR 

Uses Magnifying Glass 
For Greater Accuracy 

MACHINISTS can speed up many opera­
t ions in constructing tools , dies, molds , 
and patterns and at the same t ime ob­
tain a fi ne degree of accuracy with t he 
new optical ce nter locator illustrated. 

After the work has been laid o ut, 
the compound magnifier is clamped in ­
to the holding fixture an d it is then 
slo wly moved over the intersecti ng 
layout lines. Once the reference circle, 
w hich is etched on the sight glass, is 
exactly centered over the layout lines, 
the holding fix ture is clampe d t o  the 

work . The magnifier is then removed 
from the holding fixture and t he c orrect 

Dri l l ing holes where you want them 
and not a few thousandths off center 
is  assured by using this new device 

size drill b us hing is s ub stit ute d. All 
drill b ushin gs are hardene d, then p re ­
cision gr ound to be concentric. 

The ou tside diameter of eac h drill 
bushing is exactly the same as the di ­
ameter of the l ower magni fier rin g 
which contains the sight glass on which 

the reference circle is etche d. When a 
drill bu shin g is su bstitute d for the 
magnifier in the holding fixt ure the 
center of the bushing is prec isely lo ­
cated over the intersecting layout lines. 
Holes can easily be located and drille d 
with an accuracy of .001 inch. T he w ork 
is usually placed on parallel bars to 

facilitate alinement of the bushing and 
the drill . 

STEAM C LEAN I N G  

Expedited by 
Powerful Emulsifier 

A HEAVY-DUTY steam cleaning com­
pound, marketed under the name of 
Stea l}l-Off, has proved to be particular ­
ly effecti ve in the removal of the heavi ­
es t and m ost stu bborn grease and dirt 

from iron and s teel surf aces , concrete , 
brick , and structural mate rials, gas o­
line and Diesel engines , steam shovels , 
tractors ,  locomotives , an d road building 

machinery. 
Extremely powerful in its penetrat­

ing and emulsifying actions, thi s new 
Turco compound combines a high de­
gree of quick cleaning energy with the 
maximum ability to soften water , 
which resul ts in producing relia bly 
clean work , rinsing freely, and leaving 
no film , curds , water spots , or streaks . 
It was d esigned to function with out 

the loss of cleaning power in the hard­
est water , an d to prevent the deposit � 
ing of ha rd water scale, which clogs 
coils and other vital parts of steam 
cleaning machinery. 

Used as a stronger solution, Turc o 
Steam -Off has the a bili ty to remove un ­

wanted painted surfaces as it cleans , 
making it a particularly effective prod � 
uct for c omplete overhaul or reclama­
tion projects. 

PLASTICS YARN 

I s  Adaptable to Many 
Post-War Industrial Uses 

A PLASTICS yarn ha s recently been de­
velope d which promises t o  make 
long -wearing sheer hosiery an d fill 
many other uses in the post -war w orld. 
Sheer dress materials that are re­

sistant to perspiration an d mil d aci ds ;  
auto seat covers immune to grease, 
oil, and alcohol ; drapes and furnit ure 
upholstery that are fire -retar de nt an d 
self -extinguishing are all possible with 
the new Plexon yarn, a pr oduct of 
Freydberg Bros.-Strauss, Inc. 

The new yarn is a co mbination of 
existing fibers s uch as cotton, silk , 

rayon , or Fi berglas with p lastic solu­
tions , making poss ible an almost in -

Just a few of the hundreds of post-war 
a rticles which can be made by combin ­
ing  a n e w  plastics a n d  standard fibers 

finit e var iety of physi ca l  p r operties . 
Seventeen different plasti cs for m ulas 

are availa ble an d can be used, depen d­
ing upon the final req uirements of 
the finishe d yarn. It can be made either 
fine or heavy, stiff or soft , smooth or 
rough, transparent , translucent, or 
opaque , and with bright or mat finish . 
The threads can be made ro un d, oval , 
triangular , or square. The present color 
range consists of 120 shades, and t hese 
can be i ncreased at w ill. Plexon can be 
power loomed , woven , tw isted , braided , 
or kni tt ed .  

EXPANSIVE B I T  

Has Sharp Point, 
Long Life 

DESIGNED on an en tirely ne w principle, 
an expansive bit created s pecifical ly 
for use in hand braces to cut holes in 

Another handy bit for your tool kit 

wo od is announc ed by Bruno Tools . 
The center li p whi ch cuts a way th e 
core at the center of the h ole exten ds 
bac k t o  for m a cla m p  which firmly 
holds the a dj ustable blade at the di­
amete r set . Th e cla m p  is locke d  tigh t 
by mean s of a s crew . On ce l oc ke d  in 
the p ositi ve we dge -loc k g roove the 

cutter remains sec urely in place. 
An improve d diam on d shap ed screw 

point gi ves l onger life by lessening the 
chance of breakage . The lea d screw is 
threa de d  finer than is usu al for t his 
type of tool. This feat ure helps p ull 
the bit thro ugh the wood, req ui ring 
only l ight press ure t o  c ut q uickly an d 
cleanly be ca use the lea d screw is con­
tin uo usly an d firmly engage d while 
the a dj ustable blade is cuttin g. The 

threa ds diffe r on m odels avail able to 
corr es p on d  t o  the capacity of each tool . 
Th us, regar dless of the diameter o f  
the h ole being c ut ,  whether thr oug h  
t hin mate rial or thic k, clean, true h oles 
are c ut with a minimum of eff ort. A 
large open throat keeps the cutters 
clean o f  chips. 

WELDED SEAMS 

Produced Rapidly by 
Automatic Machine 

DUPLEX resistance seam welders , de­
signed for simulta neous se am welding 
of two or more seams on one surface , 
f or rapid fabrication of sheet metal am­
muni tion boxes , offer definite ec ono­

mies for many similar types of fabri­
cating operations . 

The machines , made available by 
Progressive Welder Company in a wide 

range of capacities and sizes , are air 
operated a nd fully auto matic. A duplex 
head on the machine accommodates 
either two or four welding wheels . All 
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whe els are free r ota ting . They are 
d riven by c ontact w ith the m ov ing 
work under weld ing pressure . 

The w ork itself is carr ied on a wo rk 
table m ounte d on h oriz ontal sl ide ra ils . 
The t op of t he w ork h old ing fixture is 
f ormed by a flat copper plate wh ich 
pr ov ides the l ower path for the weld­
ing curren t between the weld ing 
wh eels . Weld ing wheels , l ower elec­
tr ode , and weld ing tra nsformer are all 
water co oled . A deep c oola nt tr ough is 
integral w ith the m ov ing w ork table . 

The ent ire assembly -bear ing the 
work t o  be welded -m oves in a nd out 
of the mach ine as the weld ing opera­
t ion pr oceed s.  Operat ion of the m ove­
able table is acc omplished by an a ir 
cyl inder con nected w ith hydraul ic 
cyl inders act ing as dash p ots t o  insure 
un if orm ly smo oth table travel . 

Mach ine operat ion is c omp letely 
automat ic .  The operat or loads the ro­
tary fixture , a nd depresses the foot 
sw itch . The tab le m oves f orward int o 
the mach ine; the weld ing heads depress 
simultane ously at the p roper p oint ;  

and the ou tside pa ir of we ld ing wheels 
make t w o  para llel seam we ld s  of pre­
de ter mined le ngth . The head r ises 
wh ile the r otary t able indexes -r otat­
ing thr ough 90 deg ree s-a nd then the 

i ns ide whee ls weld on the "out " str oke 
of the table . Thus , tw o sep ar ate pa irs 
of seam weld s-ea ch pai r a t  r igh t a ngles 

t o  the othe r -may be pr oduced . The 
fixture indexes a sec ond time back 
thr ou gh 90 degrees at the complet io n  
of the " out " str oke and the tab le st op s 

at the l oadi ng p osit ion. 

DOVETA I LS 

Produced Automatically in 
"Wood-Welding" Process 

NORMAL d imens iona l lim ita t ions of 
lumber in the prefab r icat ion of th ings 
made of w ood -fr om ir on ing b oard s t o  
h ouses -are e lim inated i n  a new Mu ske­
gon Mach ine Compa ny , Inc ., set -up 
wh ich pr oduces ne w resu lts by the 
comb inati on of var ious know n pr in­

c iples , appl ied t o  automati c mass pre­
fabr icat ion . W ith the proces s, pa nels , 
ra ng ing from % to 3 i nches th ick , f rom 
10 inches t o  16 feet in length , and o f  

pract ically a ny width des ired , ca n b e  
made "in one p iece , " aut omat ically , o n  
a s ingle mach ine , using o nly three men 
per mach ine -tw o to feed untrimmed 
lumber of a ny s ize int o the tw o ends 
of the m ach ine , one t o  remove the 

jo inted assembly from th e center . 
The mach ine used in t he pr ocess is 

an ev olut ion of the well -kn ow n  Lin­
derman mach ine , used f or over a quar­
ter century to el im inate waste in the 

lumber indust ry . Prime character ist ic 
of th is mach ine is that it "welds " w ood 

together in such a man ner that a w ider 
piece made from tw o nar row p ieces is 
at least as strong a nd fre quently 
str onger than would be a s ingle piece of 
the same width . Th is is accom plished 
by use of a d OUble -tapered d oveta il 
jo int with o ne or m ore d ovetails for 
the p ieces , supplemented by a n  aut o­
matic gluing process . The joint l ocks 
th e w ood sect ions toge ther sol id ly a nd 
the glue "fuses " the assembly , the glue 

Ingenious New 
Tec h n ic a l  Meth ods 
Available Now to Industry in General 

New Shankless Roll-Forged Drill is 
Faster, Tougher, More Economical 
Developed by Ford for wartime uses - available 
now to industry in general. "More holes at less 
cost," is the claim for this ingenious new Shankless 
high speed drill-made in two parts-th e drill it· 
self, and a removable taper shank, known as the 
"drill driver." By this separation, costs to the user 
have been cut 2 0 % to 3 0 %  under conventional taper­
shank drills. In the conventional drill, the shank 
must be discarded when the point and flutes are 
worn out. Here, however, the drill driver is  used 
throughout the lives of many drills. Shankless drills 
are roll.forged and twisted, unlike the machined 
manufacture of ordinary drills, for improved struc· 
ture. 

Principal advantages are ( 1 )  Lower first cost. 
(2) Greater hole production because of greater 

strength. (3)  Reduced breakage with tough "shock­
absorber" neck. (4) Greater length of usable flute. 
( 5 )  Greater scrap recovery value of unused portion 
of drill. 

Wartime advantages of Wrigley's Spearmint Gum 
show how this quality product, too, can help in· 
dustry-once it a�ain 

,
becomes !1vailable: In �he 

meantime, no Wngley s Spearm1nt Gum 1S betng 
made; and none will be made, until conditions per· 
mit its manufacture in quality and quantity for 
everyone. That is why we ask you to "remember 
the Wrigley's SpearmInt wrapper," as the symbol 
of top quality and flavor-tbat will be back! 

You can get complete information from 
Republic Drill & Tool Co . ,  322 S. Green St. ,  Chicago 7, Ill. 

Shankless Drill and "Drill Driver" 

Remem ber this wrapper 
Z-78 

be ing f orced into the cel ls of the 
wood at the j oint t o  form a "welded " 

b ond eve n str onger than sol id wo od .  
I n  usi ng the new Linderman aut o­

mat ic fabr icat ing proces s t o  pr oduce 
sol id pa nels for such items as b ook­
cases , ir on ing b oard s, tab le and desk 

t ops , d oors , h ouse c onstruct ion acces­
s or ies , caskets and boxes of all k inds , 
a nd s o  on , square -edged lumber or 
even lum be r  wi th the bark st ill on the 
edg es may be employed . In operat io n, 
two pieces of lumber are fed in fr om 
opp osite ends of the mac hine . As the 
lumber moves into the machine , cut­

ters tr im the b oard and cut tapered 
d oveta il tongues and gr ooves in the 
edges . B oards m ov ing i n  from one end 
'are tongued . Boards from the other 
e nd are gr ooved . As the b oards ap -

pr oach the center of the mach tne ,  the 
grooves a nd t ongues ar e automat icall y 
c overed w ith gl ue ,  us ing c onical roller s 

(excess glue is remov ed with stat ion ­
ary "w ipers " a nd returned t o  the rese r­
v oir ) .  As the b oards near <-the. cente r 
of the mach ine , the tongue ' slides int o 

the groove . As the movement c ont inues , 
the fit bec omes tighter a nd tighter , un ­
t il the tw o b oards are locked together . 

If the fin ished pa nel is t o  be w ide r, 
the j oi nte d boards are ret urned to on e 
end of the mach ine ,  where they ar e 
aga in fed in t o  meet a single boar d 
com ing fr om the opp osite end . T he 
panel the n  is three b oa rds wide . Th is 
is repea te d  unt il the des ired w idt h i s  

obtained . F inally , the a sse mbled pa ne l  
is r ipped to the des ire d w idth . The 

edging is passed back into the mach ine 

S EPTEMBER , 945 SC I ENTI FIC AMERICAN 1 79 



for use in the next panel , makin g the 
ope ration continuous . 

The process is not limited to fabri­
catin g panels by ed ge assemblin g. Lum­
ber may also be assembled by runnin g 
the stoc k on ed ge on to a flat piece , 
as for makin g moldin g stock. Likewise , 
lumber may be run across the grain 
for various uses such as floorin g and 
cuttin g blocks . 

GLASS MATS 

Possess Desirable Characteristics 
For Many Industrial Uses 

THIN, porous mats o f  bonded glass 
fibers have been s ucc ess fully applied 
to a number of entirely new uses by 
the process and elect rical ind ustries . 

In roll form , the Fiber glas mat is 
bein g employed as a material for wrap­
pin g und er ground oil , gas ,  and o ther 
pipe lines to protect them a gainst cor­
rosion and electrolyti c action . The 
material can be wrapped around bitu­
men or coal -tar coated pipe , thus form­
in g a continuous water -ti gh t  bond . The 
glass fibers are non -corrosive to metals . 

The mat erial has ne gli gi ble moisture 
pick -up . Its tensile stren gth is preserved 
throu gh a wide ran ge of temperatures 
and exposures to or ganic solvents and 
soil acids . The millions of fine inter ­
twined glass fibers reinforce a lar ger 
amount of bitumen or coal -tar coatin g 
for a given thic kness o f  wrappin g, as 

compare d to other carriers . 
Primarily because o f  the hi gh tensile 

stren gth and non -hy groscopic charac ­
teristics of t he individual glass fibers, 
the Fiber glas mats are bein g employed 
as the base for a new plastics laminated 
material. Possessin g a low and stable 
loss fac tor over a wide frequency ran ge ,  
the lamina te greatly extends the field 
for plastics coil forms , condenser 
spacers, stand -o ff insulators , and so on , 
in radio , televisio Pl, and other hi gh-

. frequency electronic devices . 
In buildin g up the laminate , the 

F iber glas mats are impre gnated with 
a thermosettin g aniline -formaldehyde 

resi n, and are cured under hi gh pres ­
sure . In addition to its low loss 
factor , the la minate possesses hi gh 
stren gth , hi gh temperature resistance, 
d imensional stability, resistance to 
fun gus attack, and good machinability. 

Fiber glas mat is also bein g employed 
as a base material for gaskets and shee t 
packin g. The mat acts as a carryin g 
medium for synthetic resins suitable 
for applications requirin g resistance to 
heat , oil , and acids . Glass -base gaskets 
now bein g manu fact ured show hi gh 
pressure resistance , good chemical 
durability , and litt le flow under flan ge 
pressure . 

Made by Owens -Cornin g Fiber glas 
Corporation , Fiber glas mat is composed 
of fine glass fibers intertwine d in ran­

dom orientation and bonded to gether to 
form a thin , hi ghly porous , felt -like 
material . The glass fibers have an aver­
a ge diameter of 0.0005 inch . Several 
t ypes of binders -starch , gelatine ,  fur­
fural , or phenolic -may be used, de ­

pendin g u pon the requirements of the 
end use . 

TRUCK OPERATION 

Simplified by Instrument 
That Correlates Data 

COMBINING the features of an ordinary 
speedometer with those of a tachom­
eter and addin g instructions governin g 
various en gine speeds , an "economy 
ran ge finder " for tr ucks has been d e­
veloped by th e White Motor Com­
pany. With this device on the in­
strument panel the driver can increase 
the life of the en gin e by keepin g it 
within its most efficient ran ge of op­
eration . 

Even for the most experienced truck 
driver, ga gin g the en gine speed and 
hence the proper time to shift gears is 
extremely difficult because of the vary­
in g ratios between en gine speed and 
chassis speed (miles per hour ). Grades 
encountered and the necessity of usin g 
var ious transmission gears to meet dif­
ferent cond ition s provide a constant 

Wrapping Fiberglas mat around an underg roun d  oil pipe l ine  

chan ge .  Expectin g a driver to p ul se  t he 
en gine speed without visual aids is l ike 
forecastin g weather without bene fit of 
scienti fic instruments . 

The economy ran ge finder helps 
drivers in shiftin g gears, sav in g  f uel , 
co nservin g trucks, and making sc hed ­
ules . Not only can they read the en gine 
speed dire ctly on the speedometer dial , 
but instructions are clear. A spiral 

... , .... ---
� . '. . .  . � 

�.�� .•. . - " 0"; 0 . I 

W ' 
I n strument panel  on a standard White 
truck showing how the "economy range 
f inder" is  bu i l t  into speedometer dial  

white line for each transmiss ion gear 
is offered on the dial, and this is com­
bined with a scale of en gine speeds 
printed on the speedometer pointer. 
As the speedometer po inter moves 

around the dial , the ed ge of the po inter 
crosses the s piral white line for each 
gear . A white area on the po inter in­

dicates the ideal operatin g ran ge from 
1700 to 2400 revolutions per minute , 

and at either end is a red area which 
indicates when the en gi ne is o pera t in g  
outside the proper ran ge .  When the 
pointer reac hes the o uter end of the 
spiral line for any gear , the en gine 
speed (noted in the red ) will be 2800 
revol utions per minute , at which the 
governor is usually set. As this recom­

mended maximum is approached, the 
bearin g loads, piston speeds , and vibra­
tions are increased, thereby tendin g to 
shorten the life of the en gine . Similarly, 
the red at the lower end of the pointer 
shows when the en gine is laborin g 
and in need of relief throu gh shift to 
a lo wer gear . Such a shift wi ll prevent 
strain and excessive wear by al lo w in g  
the en gine to operate more easily at a 
hi gher speed . As steeper grades slow 
the en gin e down , the greater load on 
bearin gs ,  pis tons, and rin gs is much 
the same as when the maximum en gine 
speed is reached or exceeded. 

Thus the economy ran ge finder is a 
simple but effective device to guide the 
dr iver in selectin g the various trans ­
mission gears in which to operate under 
exis tin g conditions. When the pointer 
crosses a white line at the ou ter end 
of the line , it indicates t hat the rec om ­
mended maximum en gine speed has 
been reached and that the driver 
should shift into the next hi gher gear. 
And when the pointer crosses a white 

line at the inner end it su ggests a shif t 
into the next lower gear . 

BENCH FU RNACE 

Offers Versatility for 
Shop or Laboratory 

DESIGNED t d  provide for a wide variet y 
of applications, a new "thre e-w ay" 
ben ch -type universal labora tory fur-
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nace has been made ava ilable by Sur ­
face C ombust ion Co rpo rat ion. The fur ­
nace c omb ines th ree d iffe rent types 
of fu rn aces in one cas ing . It may be 

used as a d irect -fi red oven un it at tem ­
pe ratures f rom 300 to 2400 degrees , 
Fah renhe it .  Fo r d irect heat ing a mu ffie 
can be placed on the h earth . If an at­
mosphere is des ired a d iamond bl ock 

can be u sed in the mu ffie .  A rem ovable 
plug bu ilt into the a rch of the furnace 
prov ides a means of inse rt ing a pot . 

Th is la borato ry fu rnace is ideal fo r 
small shops or la bo rat or ies whe re a 

wide va riety of heat t reat ments in rela­
ti vely s mall quant it ies of small parts 

must be pe rfo rmed . Such ope rat ions 
as anne al ing , ca rbu riz ing , ha rden ing , 
cyan id ing , and tempe ring , w ith or 
without a fu rn ace atmosphe re ,  can be 

handled by the one fu rna ce. It func -

The new bench - type laboratory furnace 
with accessory equ ipment including 
( A )  m u ffle, ( B ) protective otmosphere 
equ ipment, ( C )  plug,  and ( D )  pot 

tion s as a direct -fired oven , ind irect 
heated mu ffie ,  gaseous atmosphe re ,  salt 
or lead ba th type an d may a lso be used 
for mel ting soft an d light metals . 

The furnace is e quippe d w ith th ree 
at mosp he re -type gas bu rne rs ,  each of 
whic h  can be in depend ently c ont rolled. 
The bu rne rs a re a rranged un der the 
hearth to p ro vid e unifo rm and rap id 
heati ng t hroughout the heat ing cham­
be r. A g as p ressu re regulat or assu res 
uniform cont rol of burne r ope rat ion . 
Manufactured o r  natural gas o r  butane 
or p ropan e may be use d. 

WELDE R'S S HOCK  

Eliminated b y  
Reducing Voltage 

ARC WELDERS' app rehension of shock , 
and poss ibly su bse quent ne rvous ex­
haustion , h as been eliminated by a 
new safety panel in vented and p er­
fecte d by elect rical enginee rs of Pull­
man -Standa rd Car Man ufactu ring 
Comp any . H igh open -circu it voltages 

of most weld ing e qu ip ment create a 
defin ite haza rd to ope rato rs .  The volt­
age encounte red varies with diffe rent 

mach ines , but in gene ral ranges f rom 
85 to 110 volts . S in ce th is voltage is 

o rdina rily present at all times when not 
weld ing , phys ical contact of the op­
e rator f rom h is welding elect rode to 
grounded metal su rfaces may have 

se rious c onsequences . 
When the wel ding contact is b roken , 

the newly patented Pull man -Standa rd 
safety panel automat ically reduces th is 
open -c ircu it voltage of the elect rode 
(wh ich c reates the weld ing a rc )  to a 

me re 24 volts . Acc idents among weld ­
e rs are ra re ,  but the new safety panel 
c ont ributes g reatly to the ease of m ind 
of the welde rs .  No longe r must they be 

constantly on the a le rt wh ile chang ing 
elect rodes and the relief in ne rv ous 
tension is qu ite noticeable when the 
new safety panel is used . 

ARC-OXYGE N  

Cuts Heavy Steel 
Quickly and Easily 

ONE of the most valuable indust ria l  
tools to co me out of Wo rld Wa r I I  is the 
a rc -oxygen elec t rode , wh ich so mewhat 
resem bles an o rd ina ry pea shoote r. The 

elect rode , inf ormat ion about wh ich has 
unt il recently been rest ricted , co m­
bines the t re mendous heat of the elec­
t ric arc w ith the cutting effect of pu re 
oxygen to cut steel many feet bel ow 

the su rface of the ocean . 

The development of the e lec trode by 
the Metal and Therm it C or porat ion in 
co -ope ra tion w ith the Un ited States 
Navy h as helped t o  make p os sible the 

t remendous speed w ith wh ich invas ion 
ha rbor s have been c lea red of sunken 
sh ips by Navy Salvage and Sea bee 
Fo rces . Ragged shell and t orpedo h oles 
in wa r vessels afloat a re also t rimmed 

unde rwate r and tem po rary patches 
welded , e nabling st ricken vessels to 
p roceed to d rydock f or permanent re­
pa ir. 

The a rc -oxygen p ro cess ut il izes the 
heat ing p rope rt ies of an arc flame , 
rang in g  f rom 6000 to 10,000 deg rees , 
Fah renhe it ,  to k indle steel plates and 

beams much as coal is kindled by w ood 
spl inte rs .  Into the molten s teel thus 
p ro duced , a jet of pu re oxygen is in­
troduced to cut cleanly th rough the 
steel . 

The pro cess a llows d ive rs eas ily and 
rap idly to cut la rge sect ions of steel , 

for me rly imp ossible due t o  heavy di v­
ing gea r, rest ricted movement , and poo r 
visibil ity below the ocean 's su rface . 
So fast is the new steel -cutt ing elec -

Dr. E. A. Coomes.. Professor 
of Electr·onics . U niversity of 
Notre Dame. blowing gl ass on 
a South Send Precision Lathe. Glass Blowinq 

O N  A S O U T H  
"Versatile" is apt description for South 

Bend Precision Lathes. This South Bend 

Lathe, provided with special fixtures by the 

school's own instrument shop, is used for 

blowing special glass equipment needed by 

the electronics research laboratory of the 

University of Notre Dame. 

This unique installation is just one ex­

ample of the many ways that South Bend 

Lathes are used. Where versatility is valua­

ble and precision is vital, South Bend Preci-

B E N D  L A T H E  
sion Lathes offer this important combination 

of qualities. They are extensively used in 

the research and engineering laboratories 

of schools, colleges and industrial plants, as 

well as for production, maintenance, and 

service work. 

There's a South Bend Precision Lathe 

to meet your requirements, too. Write for 

Catalog 100-D which shows all South Bend 

Engine Lathes, Toolroom Lathes and Preci­

sion Turret Lathes in full color. 

L a I " ..  B u i I  d .. r s  F a  r 3 .8 Ye a r s  

S O U T H  B E N  D L A T H E  W O R K S 
4 5 1  E .  M A D I S O N  S T R E E T . S O U T H  B E N D  2 2 ,  I N D I A N A  
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All Serious-Minded Production Men 
SHOULD HAVE THIS FREE BOOKLET ! 

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

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

It demo nstrates 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 h�lpful, 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 it 
is possible to offer this essential train­
ing in a minimum of time; how the In. 
stitute program fits in with the most 
crowded of war-time schedul�s. 

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. 1. du Pont de Nemours & Co. 

Send for 
"FORGING AHEAD IN BUSINESS" TODAYI 
Frankly, this booklet has no appeal for 
the immature mind. It does not interest 
the man who, for one reason or an­
other, is wholly satisfied to plug along 
in a mediocre j o b. 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
tendec! for you, don't hesitate to send 
br a copy today. Simply fill in and 
mail the CDupon below. 

Alexander Hamilton Institute 

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

Dept. 3 5 .  7 1  West 2 3rd Street, New York lO, N. Y. 
In Canada, ;4 ","'ellington Street, West, Toronto 1, Onto 
Please mail me. without cost, a copy of the 64-page 
book- "FORGING AHEAD IN BUSINESS." 

Name . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · . . .  . 

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

Business Add=ess . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Position . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

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

trode that quarter -inch steel plate 40 
to 50 feet below the surface of the 
ocean , for instance , can be cut a t  th e 
rate o f  62 inches a minute , or consider ­
ably f aster than ordinary newspape r 
piled to like thickn ess can be cu t wit h 
a pair o f  scissors in the com for t o f  your 
living room . 

S PEED VISE 

Opens or Closes 
Without Turning Screw 

MANUALLY opera ted , a new "Quikcet " 
vise , manufactured by Grand Special ­
ties Company , eliminates running in or 
out the screw to close or open the vise . 
It is claimed that this new speed vis e 

can be set and closed in a jiffy by 
simply pushing on the body of the fre e 
jaw , which slides in swiftly on ratche t 
screw and two precision gui de rods an d 
tightens with a turn of the handle . 
The vise is equi pped with a trigger ­

release pawl with % inch of threa d 

Trigger  releases vise screw 

which holds the hardened screw under 
spring tension . The vise is said to open 
ins tantly to full 3 inches by pressur e 
of thumb or finger on trigger releas e 
after tension has been eased by a singl e 
turn of the loose -proo f handle . The ' 
Quikcet vise is th en ready , wi thou t 

further adjustment , for instant closing 
on any other w ork . 

ELECT R I C  MARKER 

Makes 7200 Cutting 
Strokes per Min ute 

ANYTHING and e ver ythin g can be 
marked with an electri c marker just 
announced by the Idea l Commuta tor 
Dresser Company . Alt hough small in 

size , on ly si x inc hes long and ten 
ounces in weight , li fe tes ts pro ve t ha t  
this ne w marker can be used c onti nu­
ously o n  the to ughes t of m ar ki ng jobs . 

The p ower of the cutt in g  st roke 
has been increased by 30 percent o ver 
pre vious models ,  yet an ad justing nut 
makes it possib le to vary the impact 
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High  speed, variable i m pact marker 

so that it can even be used to mark on 
glass . Shaped to fit the hand, it can 
be held and used to write almost a s  
easily a s  a pencil . 

The new marker operates from any 
A.C. electrica l out let . Working like a 
small electric hammer , it makes 7200 

cutting strokes per minute, cutting 
right into the surfac e and leaving l ine s 
that cannot be wiped away o r  worn off 
with ordinary usage . It per manently 
mar ks sizes , names , number s, and other 
important infor mation on tools , pa rt s, 
and finis hed products . 

EXT I N G U I S H E R  VALVE 

Gives One-Hand Operation of 
Large Portable Units 

T RIGGER control , wh ich has been con­
fined to smaller sizes of carbon dioxide 
fire extinguishers , has no w been ex ­
tended to the larger portable models . 
Operate 9- entirely with one hand , the 

ne w streamlined Kidde model is con ­
trolled by a n  upward pull of the index 
finge r ,  the la rges t extinguisher requir ­
ing ap proxi mately the sa me trigger 
fo rce a s  t he smalle st .  It can be latched 
open when de sire d by a slight for ward 
motion , and a s  ea si ly di sengaged to 
avoid wasting gas . 

Th is ne w control represent s the per­
fect ion of a valve wh ich pro vides an 

on -and -off control of di scharge with a 
minimum o f  effor t ;  permit s a high ra te 

Valve speeds ext ingu isher action 

Through full utilization of new wartime advancements in produc­
tion methods, manufacturing facilities, and engineering techniques, 
Jefferson Electric is prepared to meet tomorrow's transformer 
needs with a product capable of maximum application to postwar 
technical developments. 

The superiority of Jefferson Transformers will continue to be 
based o n  such vital and fundamental quality characteristics as: 
improved steel to reduce electrical losses; advanced methods of 
using carefully selected iron for laminations followed by J effer­
son's own process of annealing; improved compounds, materials 
and impregnation methods to provide greater resistance to mois­
ture, extreme heat and cold. 

In addition to these features, full control over all methods of 
manufacture, assembly and inspection insures that every J efferson 
Transformer is la boratory correct whether ordered in small lots 
or hundreds of thousands. 

Typical Jefferson Electric Transformers include those for use 
with radio, radar, television and electronic applications; trans­
formers for control and relays,-for luminous tube and fluorescent 
lighting, - for mercury lamps, street lamps, X-Ray lamps;- dry 
type transformers for power circuit stepdown purposes. 

Consult Our Engineers 
Consult now with Jefferson Electric transformer engineering spe­
cialists about your present and apticipated future needs and assure 
yourself of the ultimate in dependable, reliable transformer serv­
ice. JEFFERSON ELECTRIC COMPANY, Pioneer Transformer 
Manufacturer, Bellwood (Suburb of Chicago ), 
Illinois.  

Write today for 
a copy of new 

illustrated 
Booklet 45-V 

JEFFERSON ELECTRIC COMPANY • 916 -2Sth Ave., BEllWOOD, ILLINOIS 
In Canada: C a n a d i a n  Jeffe r s o n  Ele ctri c C o .  Ltd. ,  384 Pope A ve n u e ,  Toronlo, Ont.  

P I O N E E R  T R A N S F O R M E R  M A N U F A C T U R E R  
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The Editors Recommend 
PROCEDURES I N  EXPERIMENTAL PHYSICS -
By lohn Strong, Ph.D. A wealth of useful data of 
• practical kind for the constructor, experimenter, 
and skilled craftsman� $6.80 

HIGH FREQUENCY INDUCTION HEATING -
By Frank W. Curtis. Answers many questions C O D ­
cerning induction heating and its utility in industrial 
processes. Thoroughly practical in scope. $2.85 

MANUAL O F  LABORATORY GLASS.BLOWING 
- By R. H. Wrigh t.  A practical book c ontai�iDg 
latest information on the fundamental operatIons 
of glass blowing, both elementary and advanced. 
90 pages, illustrated. $2.60 

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

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

OPTICAL WORKSHOP PRINCIPLES - By Col. 
Charles Deve. War- time translation of a French 
work on precision shop optics, with heavy emphasis 
on actual handiwork. Covers glass, abrasives, cements, 
mechanical theory of working optical surfaces, sur­
facing, tests, centering, and 8 0  on. $6.10 

HANDBOOK O F  CHEMISTRY AND PHYSICS -
A classic referenc e  book recently revised and brought 
up-to-date to keep pace with recent research. In­
e ludes material on all branches of chemistry, physics, 
and allied sciences_ Used in laboratories and by 
engineers throughout the country. Flexible binding. 
2571 pages. $4.10_ Foreign $4.50 postpaid 

PLASTICS - By J. H_ Dubois. T h i r d  e d i t i o n ,  
again revised and enlarged, ,· ... ith two four-color 
plates. This is an important book on the whole 
general subject of plastics, plus much brand new 
material on synthetic rubber, manufacturing processes, 
and plastics moldings. $4. 1 0  

EXPERIMENTAL SPECTROSCOPY - B y  Ralph 
A .  Sawyer. Covers theory and types of spectroscopes 
and spectrographs, mounting and use of gratings, 
determination of wavelengths, infra-red spectroscopy, 
spectrochemical analysis, and s o  on. Somewhat 
elementary but requires knowledge of physics and 
some physical optics. $5.10 
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 tubes. The text describes experi­
ments and presents results. For students. radio 
engineers, c ommunications experts, and the seriou8 
�eneral 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 step -by· 
step manual but 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 
THE MODERN GAS TURBII\� - By R. Tom 
Sawyer. Fundamental treatment. yet c omprehcnsiye 
in scope, covering industrial, marine, railroad, and 
turbo-supercharger applications of the gas turbine.  
l�p - t o - the- minute data on j et propulsion arc included. 

$4.10 

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

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

$2.85 
SLIDE RULE SIMPLIFIED - By C. O. Harris. 
How to use a sHde rule without any of the mystifi ­
cation. that often surrounds this important tool of the 
engineer. Excellent illustrations make everything 
clear. $3.60 including a slide rule ; for book alone. 

$2.60 
AN INTRODUCTION TO ELECTRONICS - By 
Ralph G. Hudson_ Clear and concise explanation 
of elec,tronics and its modern applications .  V ery 
little mathematics i s  used. $3.10 
A COURSE I N  POWDER METALLURGY - By 
Walter 1. Baeza_ A sound view of the overall sub­

ject of p owder metallurgy which will scrve as an 
exc,ellent guide and referenc e  book. $3.60 
ROCKETS, DYNAMATERS, IET MOTORS -
By A. L. �lurphy. Ques tion -and-answer text designed 
to acquaint the uninitiated with rockets and all their 
variations. Power plants are discussed, as well as 
vehicles and craft to which they may b e  applied . 

$2.60 
PLASTICS, PROBLEMS AND PROCESSES - By 
Jlansperger 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 
THE FUNDAMENTALS OF CHEMISTRY - By 
Monroe �l. Offner. This text introduces the reader 
to elements, electrons, acids, alkalis, and s o  on, and 
then c overs chemistry and its relationship to every­
day life. 80 cents. 

ELECTRONIC PHYSICS - By Hector, Lein, and 
Sconton. A simplified text for those who desire to 
acquire a sound basis  for following the advan c e  of 
applied electronics.  $3.85 
A LABORATORY MANUAL OF PLASTICS AND 
SNYTHETIC RESINS - By G. F. D 'Alelio. 
How to prepare many of the well-known resins and 
plastics in the laboratory. Understanding of the 
text requires a knowledge of organic chemistry. 

$2.10 
FUNDAMENTALS OF OPTICAL ENGINEERING 
- By Donald H. Jacobs. This n ew work starts 
out at the very beginning, is mainly non-mathe· 
mati cal, and is probably the best suLed of all 
existing books as M1 introduction to optical design. 
Author is a physicist at Bureau of Standards. $5.10 
WITH THE WATCHMA.KER AT THE BENCH ­
By Donald DeCarie. Simple, practical, straight. 
forward instructions on the repair of timepieces, 
with direct implications to the manufacture and 
repair of d elicate instruments of all kinds. $3a10 
TRIGONOMETRY FOR H O M E  STUDY - B y  
William L. Schaaf, Ph.D. Extensive a n d  d etailed, 
giving explanations as the text progresses, together 
wtih numerous praO'tical applications of trig, such as 
machine shop problems, surveying, navigation, and 

80 cent!l 

ROCKET RESEARCH - By Constantin Paul 
Lent. Partly historical, plus a chapter on theory, 
plus descriptions of practical applications and hints 
to experimenters . Many drawings Give spec i fi c  de­
tails of rocket and jet motors. $5alO 

• The above prices are postpaid in the United States. Add, on foreign ordt!rs, 
25¢ for postage on each book, except as noteda ) • 

(All pric8s subject to change without notice.) 

For Sale hy : September, 1945 

SCIENTIFIC AMERICAN, 24 West 40th Street, New York 18, N.Y. 
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Write us for information on books on any subject. We can supply any book in print. 

of flow of the carbo n d io xide , avo id ing 
direct ional change s in its passage in so ­
far as poss ible ; allows eas y lo cking ­
open with one ha nd ;  and inco rporate s 
these features in a small , co mpact pa rt 
relat ivel y l ight in weight and sim ple 
in design. The one -pi ece han dle closu re 

protects the valve itself , is light in 
weight and fits the hand comfortab ly . 

H O L LOW STRUTS 

Permit Easy Erection of  
Frames, Racks, and Hangers 

FABRICATION of an y t ype of me tal fr ame , 
stoc k ra ck, support , or hanger for in ­
dustr ial , electr ical , commer cial or pub ­
lic bu il ding use now can be qu ic kl y  an d 

eas il y  comple ted right on th e job b y  
the new Un istru t method. Basis of this 
method is a slo tted hollow -square ste el 
or other me tal sec tion w ith st andar d 
spr ing -held nut attachments. The strut s 

Above : A stand for router and saw and,  
below, cable hangers, both made on 
the job with standa rdized steel  struts 

d o  not require drilling of holes , rivet ­
ing , or w el ding , and can be cut to an y 

des ired length w it h  a hac k saw . 
The nut attachment can be sl id alon g 

in the hollo w s quare to an y po int whe re 
it is des ired to attach it to anothe r 

member , a suppor ting structu re ,  or t o  
the fl oor , ceil ing , o r  wall. The nut ha s 
serrated teeth wh ich b ite into the in ­
turned edges of the hollow squa re se c ­
t ion , and hold the atta chment firml y 
in pos ition when the nut is t ightene d 

with an ord inar y wrench . Howeve r, th e 
nut can be eas il y  loosene d, the attach­
ment moved to a new lo cat ion an d agai n 
t ightl y fastened. 

Beca use of its hollow square design , 
Unistrut has the necessa r y  proper tie s  
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for use liS a compression or tension 
member, strut, column, or beam. It is 
furnished in sections of several sizes 
or gages, and eliminates the delay 
otherwise frequently caused by waiting 
for delivery of structural steel from a 
mill or warehouse. 

VOLTS AN D AM PS 

Both Read by 
New Instrument 

SIMULTANEOUS readings of current and 
voltage are taken with the new voltam­
meter, Model 601, manufactured by As­
sociated Research. Contained in the 
sturdy compact case of this one instru­
ment are an alternating-current volt­
meter and an alternating-current am­
meter, ready for instant use. The 

Double - purpose electrica l  meter for 
i nd icat ing both voltage and current 

ammeter measures from 0.2 to 500 am­
peres in eight current ranges and the 
vol tmeter measures from 30 to 600 volts 
in three ranges. The voltmeter can also 
be used on direct current. 

An inserted primary current trans­
former with eight foot secondary leads 
facilitates the measurement of current 
on the 0-100, 0-250, and 0-500 ampere 
scales without subj ecting the meter to 
stray magnetic fields. The range se­
lector switch on the panel permits 
quick reading of currents in all the 
eight ranges. Large instant reading 
scales have white backgrounds with 
figures in j et black, covered by glass. 

I RRIGATI O N  

Uses Plastics Tubes to 
Distribute Water 

SIPHON tubes extruded of transparent 
Tenite plastics are finding wide use 
in irrigation on farms in western states. 
This method of irrigation, developed 
through the University of Nebraska 

LABORATORY PRESS 

FOR PLASTIC MOLDING AND 
TESTING 

Total Force 24,000 Ibs. - 8" Stroke 
-7 x 10 Electrically Heated Platens 
-Thermostatically Controlled. 

Literature on Request 

L A B O R A T O R Y  S P E C I A LT I ES,  I N C. 
1 44 So. Wabash St. 

WABASH I N DIANA 

RAMSDEN EYEPIECES 
Designed for Astronomical Telescopes 

% " ,  1;2 '" 1 " ,  2" Focal Length, 1 % . "  Dia. 

Each $ 7 . 50 Set of Four $28 . 00 
ACHROMATIC LENSES, MIRRORS, TO ORDER 

T I N SLEY LABORATORI E S  

2 1 1 3  Dwight Way - Berkeley 4,  California 

N O T I C E ! !  Amateur astronomers 
telescope makers 

mirrors tested, figured and pancronized 
PROFESSIONAL SERVICE AND ADVICE 

AVAILABLE 
write us about your telescopic needs and problem� 

ASTRO TELESCOPE CO. 
P .  O .  Box 1 365, Glendale 5, Calif.  

-SERVING THE WESTERN STATES-

" D U P LI C AT E D  W I T H O U T  D I ES" 

NOW! MAKE PHOTOCOPI ES 
I N  YOU R  OWN OFFICE 

Quickly, Accurately, at Low Cost! 

Make permanent, error-proof copies­
l -a - m i n u te-of a n y t h i n g  writte n ,  
typed. printed. drawn or photographed 
-even if  on both sides. No darkroom 
or technical knowledge needed. Save 
time, money. labor-expedite work in 
every department.Write for facts N O W !  

AMERICAN PHOTOCOPY EQUIPMENT CO. 
2849 N. Clark St.,  Dept. KH95, 

Chicago 14,  III. (Representatives in 
principal cities and Canada) �h.pico 

PH OTO EXACT 
'� tlny�r 

AMERICA'S MOST WIDELY USED 
PHOTOCOPY EQUIPMENT 

I NVENTORS. Do Not Delay. 

In order to PROTECT your Invention and reap 
the . reward that should be yours , PATENT 
your invention without delay. and at the same 
time have RIGHTS to sell when Manufacturers 
convert to Civilian Production. Write for 
information TO-DAY, 

RANDOLPH & BEAVERS 
25 Columbian Bldg.,  Washington, D. C. 

BEST QUALITY GLOWS BRIGHT 

L U M I N O U S P A I N T  
1 oz. each paint and sealer only $1.39 

BLACK L I G HT PRO D U CTS 

450 E .  OHIO STREET CHI CAGO I I ,  I L L. 

If you desire to save time and critical 
materials on production of me.tal stamp­
ings or other small parts, then the 
DI·ACRO System of "Metal Duplicating 

Without Dies" merits your consideration. All duplicated 
work is accurate to .00 1 "  . These precision machines are 
adaptable to an endless varie.ty of work, and ideally suited for 
use by girl operators. For short runs your parts are processed 
in a matter of hours instead of waiting weeks for dies. 

Send for catalog . . .  "D I E - L ESS D U P L I CAT I NG" 

BEN DERS 
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s. f()r FREE UTERATUIE .. I!�INTS ' 
AND tRAIE MARK. 

c. A..HOW6 eo • .  

Re,. PalmI Allom", Shu, J tf!1� 
430 Sn •• I.d,. Walllnlfol! I. D . ..  

The Commercial Calculator 
will quickly solve any 
problem in . multiplica­
tion, division and pro­
portion. It will give the 
interest on any prin­
cipal. at any rate. for 
any time. Gives per­
centage of profit. loss 
and overhead. division 
of freight rates. string 
discounts and wages by 
day. week or month. It 
also gives the number of 
days between any two 
dates and gives the day 

of the week for any day. Constructed to give 
at least 10  years service. Diameter 5 inches. Sold 
under our guarantee, "Your money back any 
time within 30 days if you are not satisfied " .  

Price. with Instructions. $2.50. 
CIRCULARS FREE 

Gilson Slide Rule Co., Stuart, Fla. 
Slide Rule Makers since 1915.  

M I C R O S W  I T C  H 
is a snap-acting, Bakelite housed Underwriter� 
listed switch. No larger than a man's thumb. 
yet rated at 10 amps. 25 volts. A. C. Over 50 
types in stock from $ 1 . 00 to $4.00. 

O pen or c losed e ire. $1.10 Open or  c losed eire. $1.25 
>. P. D.T . . . . . . . .  $1.30 S . P . D .T. . . . . . . .  $1.45 

ALNICO Pocket Pieces 1 1/16" x 9/16" x %cOl 
. . . . . .  . . .  . . . . . . . . . . . . . . .  . pair $ 1 . 00 

Horse Shoe Magnets %" x IJ� "  x �:4" pair $ 1 . 25 
1 ��"  x %" Watch size GEAR BOX 

150 to 1 Ratio . .. . . . . . . . . 35¢ . . .  3 for $ 1 . 00 
SKINDERVIKEN Transmitter Button with 

16 page Experiments Booklet . . $ 1 . 00 
2 %, x 1 % . A . C .  1 1 0  volt Clock Motor ,  

3 revolutions per  minute . . . . . . . . . . . . . . . $3.00 
One ampere Mercury Switch, 

long leads . .  . .  . . .  . .  . . . . . .  35¢ . . . .  4 for $ 1 . 00 

BLAN, 64J Dey Street, New York 7, N. Y . 

• • • For Pleasure and Profit ! 
Ir you have a worksh up-at home 
or in  business-you need t h i s  new 
Warner Electroplater. A t  the stroke 
of an electri fied brush. you can 
electroplate models and projPcts ­
you can replate worn art icles. fau· 
eets. tools. fixtures . s i l verware. etc 
with a durable. sparkling coat of 
metal . . .  Gold, Silver, Chromi u m .  
Nickel, Coppcr or Cadmlum. M e t h o d  
Is e a s y ,  s impl .... . Q u i c k  Everything 
fUfnlshed - e q u i p m e n t  complete.  
ready for use. By doing a bit 01 work 
lor others. your machint' can pay for 
'ltself within a week. So make your 
shop complete by getting a \Varner 
Electroplater right away Send to· 
<lay for FREE S A l\ I P L E  and i l lus­
trated Hterature. ACT AT ONCE' 
WARNER ELECTRIC CO • •  DEPT. C·85 
663 N. Wel ls  St., C h i cago 10. I I I .  

I (v AH Il t.1i E.Lt.� l h". w. 
I 663 N. Wel ls  St . .  Ch i caao 10. D eat. C·85 

Gentlemen : Send Free Sample and Details to : I I Name • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
I Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
I_C,;:Y _ _ _ _ _ _ _ _ _ _  8:::t,:- _ _ _ _ , 
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Agricultural Division, is said to offer 
economic advantages in installation, 
labor, and maintenance. 

The plastics irrigation tubes consist 
of four-foot lengths of tubing bent to 
hang over irrigation ditch banks at in­
tervals to drain into the rows. To start 
the water running, the tube is filled by 
immersing it in the lateral, one end 
is covered by the hand, and the tube 
is then hung over the bank. With one 
end completely submerged in the lateral 
and easily adjustable, the tube does not 
become clogged with trash which floats 
on the surface of the water. No dig­
ging or maintenance of the bank is 
necessary, and soil erosion from irriga­
tion is prevented. 

Tenite is extremely light in weight 
and is easily shipped and carried; an 
armload of the tubes weighs only a few 
pounds. Because of the transparency 
of the plastics, possible air locks are 
readily located. The smooth surface of 
the plastics tubing makes for maximum 
uniform flow of water. 

STEEL FI RE ESCAPE 

Stored in Carton, 
Used When Needed 

RECENTLY placed on the market for 
use in homes, apartment houses, hotels, 
and factories, a portable fire escape is 
said to have a load capacity of 1880 
pounds, and comes stored in a carton 
ready for use. In order to operate the 
fire escape, it is only necessary to open 

B road steps and steel cha ins  a re 
featu res of th is  portable f ire escape 

the carton, hook the anchor over the 
window sill and then drop the carton 
containing the fire escape to the 
ground. 

When this is done, the broad steel 
steps suspended on steel chains fall 
into place, making descent to the 
ground easy. Manufactured by the 
Metal Portable Fire Escape Company, 
these units are offered in three sizes. 
for second, third, and fourth story 
windows respectively. The · maker 
claims that they will anchor on any 
window sill with safety. 

�1IDIDl!l[gJ[gJ[gJ[gJ[gJ[gJ[gJ[gJ[gJ!lill!i[gJ[gJ[gJigj[gJIlli[gJill! · 
!Wi 

ACH R O M A T I C  T E L ESCO P E  
O BJ E C T I V E S  

�� [gJ ill! � Built to your o,rder [gJ [gJ Fluoride Hard Coated Surfaces Made from [gJ [gJ Crown and Flint Precision annealed Optical [gJ [gJ Glass [gJ [gJ Clear Aperture Focal Length Price [gJ
)( [gJ 2 inch 20 inch $1 5.00 [gJ [gj 3 "  45 " 40.00 [gJ [gJ 4 "  60. " 1 00.00 [gJ [gJ 5 "  75 ..  200.00 [gJ [gJ)( 6 " 90 " 400.00 [gJ 

� We can manufacture any size objective �)( I
)()( and focal length to your order. [gJ 

All focal lengths subject to plus and minus [g] 
tolerances of 2 V2 %.  [gl � RE FLECTING TELESCOPE MI RRORS. COR- [gJ 

"'" RECTLY F I GURED: CHROME ALUM I N IZ E D : [gJ 
[gJ Made from Pyrex blank.; [gJ � O i " meter Foca l Length Pri,.", [gJ [gj 4'/4 i n c h  32 i n c h  $ 1 5.00 [gJ [gj�)(, 6 "  48 " 40.00 [gJ )()( 8 64 . . 70.00 !gj 

1 0  80 .. 1 00 00 :llJ [gJ 1 2 '/2 " 96 " 200:00 [gJ � Ab;jve objective lenses and mirrol:s guar. l.:gj � anteed to be built to your satisfaction or � ti we will refund your money. ;5J I M A Y F LO O R  P R O D UCTS C O R P. r� @ KATONAH 2, N. Y. Il!I 
1'=l!!l[gJ[gJ[gJ[gJ[gJ[gJ[gJ[gJ[gJ[gJ[gJ[gJ[gJ[gJ[gJ[gJ[gJ�[gJ[gJ[gj[gJ[gJ[gJ� 

NOW Repair your own 
E L EC T R I C A L  A P P L I A N C ES 

with 
CHANITE Self-Welding ELECTRICAL 
HEATING ELEMENT flux Gene"OllS 
amount, instructions enclosed $ 1 .00 post� 
p a : d .  Guaranteed nothing like it. 

CHANITE SALES C OMPANY 
914 South Main Fort Worth 4,  Texas 

B L A C K  
L I G H T 

L A M P S , L A C Q U E R S , 
CRAYONS. FABRIC S,  etc. 
Trial kit of 8 lacquers. $6 . 25 .  Black Bulb for test­
ing, $2 . 00.  'Vrite for de ­
scriptive list. 

BLACK LIGHT PRO DUCTS 
450 E. OHIO S T .  CHICAGO 11.  ILL. 

Registered . Patent Attorneys 
Adams Bldg., Washington 4, 

Please send your 48-Page "Patent Guide" I 
and your "Record of Invention" form FREE. This request does .not obligate me. I 
Name. f 

I Address . . . . . . . . . . . " . . . . . . . . . . . . . . . . . . .  � . 'I l City • .  - . . . . . . . . . . . . . . . . .  State . . . . . .  ' "  '.J 
.. _ - - - - - - - .... - -

SCI ENTIF I C  AMERICAN SEPTEMBER 1 945 



Develop your personal. creative power! Awaken 
the silent, sleeping forces in your own conscious. 
ness. Become Master of your own life. Push 
aside all obstacles with a new energy you have 
overlooked. The Rosicrucians know how, and 

will help you apply the greatest of all powers in 
man's control. Create health and abundance for · 
yourself. Write for Free book, "The Mastery of · ' 
Life." It teUs how you may receive these teach .. 
ings for study and use. It means the dawn of a 
new day for you . • •  Address: Scribe L.A.C. 
<7'" R 0 S I C  R U e  I A N S 
SAN JOSE (AMORe) CALIFORNIA 

Electr ic H eating Elemen!s  N ow You Can Repair Them 

U S E  N ICH ROCITE PASTE � �i�PMcli;6�lt� :�s��' :Ect2 
turn on current. Used by 
large utility companies. 
Trial order, $ 1 . 0 0 ;  4 oz . ,  
$2.50; 1 pound. $8.00.  - . 

Armstrong Electric Mfg. Co. 

Box 861 .SA, Minneapo�is, Minn.  

I N V E N T O R S  
Industry needs your ideas now ! Manu� 
facturers are getting ready NOW for 
post-war sales and production. Factories 
must have products to take up the slack 
after war orders stop. Get our NEW 
FREE inventor's  book today and valuable 
"Invention Record" form. Act now. 

McMORROW & BERMAN 
Registered Patent Attorneys 

-==1757 Atlant i c  B u i l d i nu .  Washington 4. D. C. 

TH E H EN RY SYSTEM 
Of Finger Print 

Classification 
and 

Identification 

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

"TH E F I N G ER PRINT 

I NSTRUCTOR" 

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

$4.25 postpaid 

,Order From SCIENTIFIC AMERICAN 

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

C u r r 'e n t B u l l  e t i n  
B r i e f s  

Conducted by K. M. CANAVAN 

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

PUSH-BUTTON BRAZING is described in 
issue Number 32 of Low Tempera­

ture Brazing News. This four-page 
folder gives information on a rapid 
metal fabricating method using low 
temperature silver brazing alloys for 
the fabricating of small and medium 
size parts in large quantities. Handy 
and Harman, 82 Fulton Street, New 
York 7, New York.-Gratis 

NINE-INCH SOUTH BEND PRECISION LATHES 
is a 36-page catalog describing a 

complete line of nine-inch engine and 
toolroom lathes suited for production 
of small precision parts, and for gen­
eral and specialized use in machine, 
maintenance, repair, and laboratory 
shops. Request Catalog 9-G. South 
Bend Lathe Works, 388 East Madison 
Street, South Bend 22, Indiana.-Gratis. 

VIBRAFLEX ENGINE MOUNTINGS is a 
single sheet presenting a simplified 

means of selecting rubber insulated 
engine mountings that stop engine 
vibration. Dimensional drawings show 
the four types available for handling 
loads of from 20 to 600 pounds. Request 
Bulletin BU-23. Bushings, Inc., 3442 
West Elev en Mile Road, B erkley, Mich­
gan.-Gratis. 

PATHWAY TO EXECUTIVE SUCCESS is a 
24-page booklet-one of a series of 

management-idea booklets. Topics cov­
ered are: how individuals progress, 
how they can plan for success, and how 
they can apply the principles of suc­
cess to their own careers. Hammermill 
Paper Company, 1 541 East Lake Road, 
Erie, Pennsylvania.-Gratis. 

SAVE AND SERVE WITH PROPER LUBRICA-
TION is a 20-page manual printed as 

an authoritative guide on correct lubri­
cation practices, covering operating 
temperatures, contamination, lubricant 
application, lubrication schedules, and 
so on. Industrial maintenance men will 
find this a concise guide to better lubri­
cation. Sun Oil Company, Industrial 
Products D epartment, Philadelphia, 
Pennsylvania.-Gratis. 

THE EDLUND OFFSET BACK SPOTFACER is 
a four-page bulletin containing di­

agrams and engineering data on typi­
cal applications and specifications of 
standard models, cutters, and pilots. 
Request Bulletin BSF445. Edlund 
Tools, Inc., 4473 Woodward Avenue, 
Detroit 1, Michigan.-Gratis. 

SURFACING WITH TARMAC is a 16-page 
brochure based on 14 types of pav­

ing treatment, their advantages and 
methods of application. Among the 
methods discussed are the soil stabil-
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BeMn .P#t 
FOR DARK: JOBS • • •  with 

BAT-LAMP 

S tr e a ml i ne d  " tr o u b l e ­
light" li t s  i n  t ight. nar­

row p-I a c e s .  M a d e  oJ 
' insulati ng plastic with 

rotating metal reBec-
tor and guard. Write 

' Dept. 9-E. 

2270 E. Jefferson, Detroit 7 

EXPERIMENTERS - C RAFTSM E N  -
REPAIRMEN 

Assortment of almost 400 valuable new springs, 
75 different kinds, numerous sizes, containing 
torsion, expansion, compression, flat types, $2 .,00. 
Useful for all experiments, models, repaIrS. 
Dp.] ' l",oe !'l � S'1rtment .  :tl3 00. .T'lmho as�ortment, 
$5.00. ut!llty assortment. $ 1 . 00. postpaid. Satis­
faction guaranteed. 

TECHNICO 
P.  O .  Box 246-C, West Hartford, Conn. 

ArlDy-Navy Bargains 
Shot gun nipples. 4 for . . . . . . . . . . . . . . . . . . . . . . . .  $1.00 
Flints, assorted, 10  for 1.00 
Eagle buttons, old style, 6 for . .  .25 
Cartridge belt, cal. 30 double row .60 
Leather belt. black. bar buckle . .75 
Watermg brIdle, bIt and rems, black 1.08 
Krag rear sight. Model '92 . . . . . . . . . . . . . . . . . . . . 1.00 
Prices do NOT include postage. 1945 catalog, 308 
pages mailed for one dollar. Circular for 3¢ stamp. 
FRANCIS BANNERMAN SONS. 501 Broadway. N. Y. 12 

PORRO PRISMS 
1 % "  x 15/16" Oval Face. Manufactured b y  :V0rld­
famous opticians for Army & Navy 8 x 50 blnocu� 
lars. Rej ected for slightly chipped edges . 
O'J.tstand _ng Bargain !  
30t eo.  4 for $ 1 . 0 0  postpaid 

No C O D  - Remit with order 
H A R R Y  ROSS 

Scientific and Laboratory Apparatus 
70 W. Broadway. N. Y.  7, N. Y .  

LANGUAGE 
IS  POWER 

• • •  Forge Clheadr win 
spec i a l  a s s i g n m e n t s, 
promotion, better job 
i n  g l o b a l  p e a c e  t i m e  
o p p o rtu n i t i e s  t h roug h 
abi l ity to speak a for­
eign language. 

MASTER A NEW LAN GUAGE 
quickly, easily, correctly by 

L I N G U A P H O N E 
The world-famous Linguaphone Conversa­
tiona l Method brings voices of native teach­
ers I NTO YOUR OWN HOME. You learn the 
new languag� by L I STEN I NG. It's amaz­
ingly s imple; thousands h ave succeeded. 

HOME-STUDY COURSES IN 29 LANGUAGES 
Send for FREE book-

Ll N G UAPH O N E  INSTITUTE 
1 1 0  RCA Bldg.,  New York 20 Circ le 7-0830 

-------�----------- - - - - -

L I NGUAPHONE I N STITUTE. 
1 1 0 RCA 'B'ldg., New York 20. N . .  
Send me the FREE Linguaphone Book. 

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

Address . . . . . . . . . . . . . . .  City . . . . . . . . .  . . 

Language I n terested . . . . . . . . . . . . . . . . . . .  . 
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SAVE 
UP TO 

ON TECHNICAL BOOKS 

Quantities Limited 

Order Now 

Original 
Title Author Price NOW 

Scattering of Light and the Raman Elfect 
Bhagavantam . . . . $4.75 $ 2 . 5 0  

Hair Dyes & Hair Dyeing 
Redgrove, . . . 5 . 00 2 . 5 0  

White Shoe Dressings and Cleaners 
W. D. John 1 .75 1 .00 

Chromosomes 
White 1 . 5 0  1 .00 

Chemical Species 
Timmermans 4.00 2 . 0 0  

Private Generating Plant 

Substitutes 

Tin Solders 

P roton 2 . 5 0  1 .75 

H. Bennett 4.00 2 . 5 0  

Nightingale &. 
Hudson 2.75 1 .5 0  

Wireless Coils, Chokes & Transformers 
Camm 2 . 5 0  1 .75 

Manual of Endocrine Therapy 
Cinberg 3 . 2 5  2 . 0 0  

Milling Practice 
Molloy 2 . 0 0  1 .00 

Tropical Fruits 
Sukh Dval 2.75 1 .75 

Welding & Metal Cutting 
Molloy 2 . 5 0  1 .75 

Firepumps & Hydraulics 
Potts &. Harriss 2 . 5 0  1 .25 

Handbook of Mica 
Chowdhury 6.00 3 .00 

Stromberg Injection Carburetor 
Fisher 2 . 5 0 1 .75 

Glue and Gelatin 
Smith 3 .75 2 . 5 0  

Reinforced Concrete Construction 
Cantell 3 .00 1 . 5 0  

Elementary Mathematics for Engineers 
Fleming 2 . 5 0  1 . 5 0  

Methods & Analysis of Coal & Coke 

Aviation Instrument Manual 

Wiring Circuits 
Stuart 

Modern Oil Engine Practice 

1 . 5 0  1 .00 

5 .00 3 .00 

. . . 2 . 5 0  1 . 5 0  

E.  Molloy 5 .00 3 .00 

Aircrew's Book of Practical Mathematics 
Robinson and 
Allan 1 . 5 0  1 .00 

Automatics in Engineering Production 
Molloy . . . . . .  2 . 5 0  1 .25 

Rubber and Its Use 
Fisher 

Drug & Specialty Formulas 
Belanger 

Plastic Molding 
DearIe 

Insect Pests 
Harvey 

Adhesives 
Braude 

Fruit Pectins 
Hinton 

Cellulose Chemistry 
Plunguian 

2.25 1 . 5 0  

6.00 3.00 

4.00 2.00 

4.25 2.50 

3.00 2.00 

1 .75 1 .00 

2.25 1 .75 

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

for each book . )  

( All  p rices subject t o  chan,ge without notice . )  

' SCIENTIFIC AMERICAN 

24 Wesl 40lh SI. New York 18, N. Y. 
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ized base course and the double surface 
treatment with hot and cold applica­
tion. Road repairs, which will be 
numerous as the result of war-time 
restrictions, are also discussed. Kop­
pers Company, Inc ., Tar and Chemical 
Division, Koppers Building, Pittsburgh 
19, Pennsylvania.-Gratis. 

GEIGER-COUNTER SPECTROMETER FOR IN-
DUSTRIAL RESEARCH, by H. Friedman 

of the Naval Research Laboratory, is 
an eight-page illustrated booklet dis­
cussing the theory underlying X-ray 
powder diffraction, how the spectrom­
eter works, its performance and appli­
cations. North American Philips Com­
pany, Publicity Department, 100 East 
42nd Street, New York 1 7, New York. 
-Gratis. 

EVERYWHERE IN INDUSTRY is a 20-page 
bulletin on synthetic rubbers. Com­

piled for engineers, designers, produc­
tion men, purchasing agents, and indus­
trial executives, the bulletin describes 
the manufacture, characteristics, prop­
erties, and applications of several avail­
able types of synthetic rubber. Hycar 
Chemical Company, 325 South Main 
Street, Akron 8, Ohio.-Gratis. 

SURE - FLOW CENTRIFUGAL COOLANT 
PUMPS is a 28-page bulletin contain­

ing descriptions of 27 sizes and types of 
pumps. In addition to details and speci­
fications, practical engineering data and 
tables are presented. Logansport Ma­
chine Company, Inc., Logansport, In­
diana.-Gratis. 

How TO CHOOSE A HEATING SYSTEM FOR 
YOUR NEW HOME is a I6-page book­

let prepared for prospective home 
builders in the post-war period and 
containing information about radiant 
heating and installations in city, subur­
ban, and farm homes. A. M. Byers Com­
pany, Pittsburgh, Pennsylvania.-Gratis 

FAIRBANKS-MoRSE OPPOSED PISTON DIESEL 
ENGINE is a 28-page bulletin on an 

engine now available for industrial 
or marine service. The engine is de­
scribed in detail with the aid of many 
photographs, charts, and cross-sectional 
views. Fairbanks, Morse and Company, 
600 South Michigan Av enue, Chicago 
5, Illinois.-Gratis. Request this on 
your business letterhead. 

OPERATE POWER TRUCKS SAFELY, SERIES 
C, is the third in a series of indus­

trial safety charts . It contains pictorial 
information on how to load trucks 
properly and how to drive them care­
fully. Superintendent of Documents, 
Government Printing Office, Washing­
ton 25, D. C.-Five cents. 

LONN BLOW GUNS, SPRAY GUNS, AND 
WATER SAVERS is a 22-page booklet 

explaining the Lonn principle of valves 
which have only three working parts 
and which give constant fingertip con­
trol of air or water under pressure 
without the use of levers, springs, push 
buttons, packings, or screws . Each type 
of gun is illustrated and described in 
detail. The B. F. Goodrich Compan'lj. 
Pub lic Relations Department, Akron, 
Ohio. - Gratis. 

GEORGE H. MORSE 
927 28th St.  South Arl ington, Va. 

Scientific American'S 
two telescope hooks 

AMATEUR TEL ESCOP E  

MA K I N G  a n d  

AMATEUR TELESCOPE 

MAK I N G-ADVANCED 

were prepared before t h e  war, with­
out the slightest thought of sale to 
professionals. Came the war. H.un· 
dreds of new optical industries 
sprang up. Fewer amateurs found 
time to make telescopes, yet sales of 
these books increased ! Investigation 
of sales revealed that the new indus· 
tries were buying them by the hun­
dreds 

For their Officials 
For their Technical Stalfs 
For their Workmen 

Why? 

Because the basics of precision pro­
duction in optics are essentially the 
same for amateur and professional 
alike. Today the two books are in 
nearly every optical industry's offices 
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 

SC I ENTIFIC AMERICA N  

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

== GOLD == 
T RAN S F E R  I N ITIALS 
To identify your property . 
They can be easily applied to 
Metal , Wood, Glass,  China, 
Leather or painted surfaces. 

Any combination 01 
18 LETTERS lh" high $100 

W. B.  MacKENNEY 
726 Com mercial Trust Bldg., Philadelphia 2, Pa. 

Enclose $1 .00 cash or check for . 1 8  as 
follows -____________ _ 

Name ______________ _ 

Addrm _____________ _ 
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O u r Boo k  Co r n e r  
THE BOOK D EPARTMENT of Scientific American is conducted, with the co· 
operatio n of the Ed itors, to make avai lab le  fo r you a comprehensive book 
service. Each month the Ed itors select and review in these col u m n s  new books 
i n  a wide range of scientific and tech nica l  fields. In add itio n, they are ready 
at a l l  times to advise you regarding the best ava i l a b l e  books on any s u bject. 
You a re invited to uSe this service freely. Te l l  our Book Department what 
k ind of books you want, a n d  you w i l l  be f u r n ished with the na mes of ava i l a b l e  
boo ks, inc luding prices. W h e n  i n q u i r i n g  a bout books, p lease be specific; 

remember that we can be of the g reatest help only when you tell us  just what 
you a re looking far. Books l isted i n  these col u m n s  may be o rdered from o u r  
Book Department. Add 25 cents p e r  book f o r  m a i l i n g  outside U .  S .  A l l  reo 
m itta nces are to be made in U .S. f u n ds. Prices g iven a re su bject to change 
without notice. 

TO MAKE C E RTA I N  that books ordered by o r  for men i n  the Army, located in 
the U n ited States, or  men in  the Navy, Marines, o r  Coast G u a rd,  located a ny· 

where, wi l l  be de l ivered, insura nce fees shou ld  be sent with orders, as fol l ows: 
To $5 in  va l ue, 3 ¢  additio n a l; from $5 to $25, 1 0¢; from $25 to $50, 1 5¢ .  

THE C H EM I CAL FO RM U LARY 
Volume V I I  

B y  H .  Bennett 

THIS, the seventh volume of that well 
known and popular book of formu­

las, is now off the press. Containing as 
it does many useful formulas which 
are simple to compound and apply, it 
is an indispensable book to everyone, 
especially to those living at great dis­
tances from sources of supply when 
frequently substitutes have to be used 
in lieu of unobtainable materials. The 
wide range of subjects covered in the 
book makes it eminently desirable both 
to the agriculturist and to the indus­
trialist. The chapter on cosmetics will 
appeal to the distaff side of the house­
hold, as it contains many useful and 
inexpensive formulas for milady's toil­
ette. And when the drill sticks at the 
bottom of the new well hole, a formula 
is given which is likely to solve the 
difficulty in short order. (474 pages 
5% by 8% inches.)  -$6.10 postpaid . ....: 
W.D.A. 

T H E  M EAN I N G  OF RELATIVITY 

By Albert Einstein 

READERS who have vainly sought this 
classic by Professor Einstein him­

self will rejoice to learn that it now is 
in print again, in a second edition, with 
an added 24-page chapter in which 
advances made since first publication 
25 years ago are described. Those who 
are not well at home in the calculus, 
other advanced mathematics, and mod­
ern physics will probably find it poor 
pickings, for it is mainly made up of 
both and is not a popular exposition. 
(135 pages, 5% by 7% inches, four fig­
ures.) -$2.10 postpaid.-A.G.I. 

T H E  S U P ERFORTRESS IS BORN 

By Thomas Collison 

I
T IS surprising that an undertaking 

in power engineering, even if it 
deals with one of our effective weapons 
against Japan, can be the subject of 
such an absorbing story. And the story 

is absorbing. It is a tremendous credit 
to the relatively young men working 
at Boeing: Wellwood Beall, Edmund T. 
Allen, Edward C. Wells, and George 
Schairer, only one of them over forty, 
who provided the experience, imagina­
tion, and brains to give the Superfort­
ress its inception. Chapter headings: 
Reconnaissance ;  Conception; Creation;  
Production; Flight Test; Carry On! ; The 
Battle of Kansas ; Flying As To War; 
Objective; Yawata; and, with suitable 
illustrations, nothing gives a better 
picture of the way in which the great 
aircraft was conceived, created, and 
tested. At the same time, the book is so 
accurate and so knowledgeable that it 
constitutes an informal treatise on air­
craft design, giving an excellent idea 
of structure, armament, production 
methods, and the like. (218 pages, a 
number of plates.) -$3.10 postpaid.­
A.K. 

I NTRODUCTION TO 
M IC ROWAVES 

By Simon Ramo 

AN ADEQUATE understanding of micro­
waves and their applications can be 

had from this book by engineers and 
men in industry who do not have the 
time or the desire to wade through the 
abstruse mathematics of the subject. 
The differences and similarities be­
tween microwaves and lower frequency 
electricity are clearly put forth, and 
the text goes on to cover velocity 

�odulation, radiation, transmission �Ines, and so on. (138 pages, 5% by 8 %  
Inches, 120 drawings.) -$1.85 postpaid. 
-A.P.P. 

TELEV I S I O N  

Programming a n d  Production 
By Richard Hubbell 

B
RINGING the reader up to date on the 

progress of television during the pre­
war period and through war-time de­
velopments to early 1945, the author 
deals with the potentialities of the art 
and its place in communications. This is 
not a technical treatise on television 
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PIKE 
POCKET 

MICROSCOPE 
Equ ipped with fu l ly 

Ach roma tic lens sys­

tem 40X SOX 60X in  

sam e  tube, Price 

$l S.00 i n  lea ther case. 

E. W. PIKE & CO., 
E l iza beth 3, N.  J .  

Experimental and Model Work 
Fine Instruments and Fine Machinery Inventions Develoned Special Tools, Dies, Gear Cutting. Etc. 

H E N RY ZUHR. Inc., 1 87 L"fayette St . •  N.Y. 1 3, N.Y.  

PATENT 

For Sale or License 

Prom inent  Br i tish manufacturer 
of precision mach inery desi res to 
g rant  l icense under, or  sell, 
U n ited States patent  on mach ine  
for accu ra tely cu tt ing f ine  
th reads on or i n  soft meta l  a nd 
the l ike.  No  brokers. For pa rticu ­
la rs add ress 

Box 600 
SC I ENTI F I C  AMER ICAN 

2 4  West 40 t h  St., N ew York 1 8, N .  Y. 

MAG I C  E LECT R I C  WELDER 
1 1 0  volt AC-DC'; welds brazes. solders. cuts 
all metals ; easy to use ; full directions. Com­
plete with power unit, flame and metallic arc 
attachments, carbons. fluxes, rods, mask. Used 
by the Navy. For professional or hobbyist. 
Only $19.95.  

MAG I C  WELDER MFG. CO. 
239 Canal St. Dept . PA-9 New York City 

INVENTIONS 
WANTED lOW 
By filing your patent claim now, 
you will he in a stronger posi­
tion to approach manufacture.rs 
who may be interested in your 
invention for post-war use • • • 

Mail this coupon TODAY. It 
brings 2 valuable Hshow-me­
how" books, free to inventors 
. • • UPatent Protection" and 
��Selling an Invention." All 
about inventions and how to 
patent them. These, 2 books-
64 pages - are FREE. Also 
HEvidence of Invention" form. 

Mail coupon today. Remember 
-we have g;Yen nearly 50 
years 0/ seT'Yice to thousands of 
successful inventors. 
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Not Sa lvage - - ­
Not Rejects - -Not Junk l  
Each piece guaranteed a beautiful gem 
of optical and mechanical workmanship. 
Nothing just like this material has ever 
before been offered to amateurs. Our 
prices are a small fraction of original 
costs. Limited supply available of items 

listed. 

ORDER NOW - DON'T BE SORRY! 

EYEPIECE I N  FO­
CUSING MOUNT, 
1 ¥S "  ( 35 mm ) f . 1 .  
Surplus lot from war 
instrument. Tremen­
dously wide field of 
view. D iameter of 
eye lens more than 
1 " ,  field lens 1 % " . All 
outside lens surfaces 
fluoride coated. Most 
remarkably efficient 
( brilliant) eyepiece 
ever. Each $4.50. 
Bushing to fit standard 1 ;,i "  telescope 
tube $3.00 extra. Bushing to fit  your 
special tube size $4.00 extra. 

EYE-CUP of soft rubber for eyepiece 
above. Excludes side light. With 
clamping ring . . . . . . . . . . . . .  Each 50¢ 

DOUBLE ACRONIA TIC LEN S 
SYSTEM. All outside surfaces fluo­
ride coated : 2 '-i "  ( 64 mm) f.l . 
Mounted, o.d. 1 3 / 16" ( 30 mm) . Clear 
aperture U" ( 23 mm ) . Suitable for 
inverter with the above eyepiece, as 
an excellent magnifier of 4 power and 
as a proj ection lens for Kodachrome 
slides size 2x2 . . . . . . . . . . .  Each $3.50 

A CHROMATIC CEMENTED OB­
JECTIVE, 2;fl2" ( 53 mm ) diameter. 
8Yz" ( 2 1 6  mm ) f . 1 . ,  not mounted. 
fluoride coated . . . . . . . . . . .  Each $3.00 

MIRRORS : Front surface aluminized 
1 ?/s "  x 2" ( irregular ) ,  1 / 16" thick 

Each 25<f 

PRI S M S : In metal mountings, ready to 
make into diagonals .  fluoride coated. 
meet the most exacting requirements : 
9 / 1 6" ( 1 5  mm) x 1 1 / 1 6" ( 18 mm ) 
$2.00 ( suitable for micro proj ection ) . 
1 1 / 1 6" (27 mm) x 1 3 / 1 6" ( 30 
mm ) $.'3.00 ; and 1 5 / 16"  (34 mm ) x 
1 %' '' ( 33 mm) $3.50 ( these two sizes 
are suitable for 6" and 8" diameter re­
flectors )  . 

A MI C I  ROOF PRI S M .  double invert­
ing, guaranteed corrected to 2 seconds 
of are, 1 3 / 16" ( 2 1  mm) x 13 /16" .  

Each $2.00 
Porro-Abbe-Dihedral Prism 5 / 16" ( 8  

mm ) on face . . . . . . . . . . . . . .  Each 15¢  

Include Postage-Remit with O rder 
CATALOG of lenses, prisms, etc., l Oc. 
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H A R R Y  R O S S  
Scientific a n d  laboratory Appa ratus 

70 W. Broadway, N .Y. 7, N .  Y. 

but rather an analysis of the art it­
self, produced as an aid to thinking on 
the part of advertisers, broadcasters, 
writers, technicians, and so on. Over 50 
photographs illustrate various types of 
productions and production problems ; 
drawings are used to emphasize specific 
aspects. (207 pages, 6 by 9 inches.) ­
$3.10 postpaid.-A.P.P. 

STICK A N D  R U D D E R  

By Wolfgang Langewiesche 

T
HIS overall treatise on the art of fly­
ing sets out to tell in lucid and un­

affected language precisely what the 
pilot does when he flies, how he does it, 
and why. The author, an experienced 
flier, has tried to put down all the im­
portant things about flying that have 
hitherto gone unsaid. The student flier, 
or the earthbound person who merely 
wants to know about the actual ex­
perience of flying as distinguished from 
the abstract theory of flight, will find 
this carefully prepared volume an 
enormous help. (386 pages, 6% by 9 
inches, many illustrations and dia­
grams, index.) -$3.85 postpaid.-J.C. 

YOU R  HAI R AND ITS CARE 

By Oscar L .  Levin, M.D., 
and Howard T. Behrman, M.D. 

S
CIENTIFIC facts about hair-how to 
save and beautify it, how to stimu ­

late healthier hair growth, and how to 
deal with such problems as dandruff, 
thinning hair, excessive oiliness, para­
sites, infections, and so on. This is no 
"cure-for-baldness" screed, but a sane, 
down-to-earth, compact presentation of 
scientific knowledge. (184 pages, 5 by 
7% inches, a few drawings.) -$2.10 
postpaid.-A ..  P.P. 

D I C E  OF DEST I NY 

By David C. Rife 

How MUCH of their vices and virtues 
as well as their good looks and bad 

points men and women inherit from 
immediate or remote ancestors is the 
fascinating question that is examined in 
this book in a temperate and enlighten­
ing manner by a writer who has made a 
close study of the subj ect. His chief 
concern is in applying the principles of 
heredity as they affect individual and 
racial variations. He does not attempt 
to catalog abnormalities and unusual 
genetic traits in man, but stresses 
normal differences which are quite 
common, and which are responsible 
for genetic differences between racial 
groups. His book is a significant and 
informative contribution to this area of 
human knowledge of which so much 
remains still to be explored. (151 pages, 
81;2 by 8 inches, index and illustra­
tions.) -$1 .85 postpaid.-J.C. 

NAMES ON T H E  LAN D 

By George R. Stewart 

O
RIGINS of the principle place names 

in the United States, many of them 
passing strange and picturesque, are 
stated in this book which is not, how­
ever, a cut-and-dried catalog. Alto-

gether on the contrary, it is anecdotal, 
the names being treated just as they 
might come up in ordinary conversa­
tion. The famous tradition about 
"changing the name of Arkansas" but 
not the actual speech is narrated, and 
so are accounts of S. H. Mountain and 
Putah Creek-the author doesn't call 
a spade a garden implement. Penn 
Yan, New York, is treated but Painted 
Post and Horseheads are passed by, and 
so is Lake Charagogagoggmanchuga­
goggchabunagungamaug, Massachusetts. 
Gospel Gulch and Jackass Gulch are 
in, but Ho-ho-kus, New Jersey, is 
skipped. Yonkers is not, nor is Jiggs. 
But Skunk's Misery is listed, and so is 
'Scape-Whore. (418 pages, 5% by 7% 
inches, unillustrated.) -$3.10 postpaid. 
-A.G.!. 

T H E  C H E M I ST RY O F  
ACETYLE N E  

B y  Julius A .  Nieuwland a nd 
Richard R. Vogt 

P
REPARATION, properties, and reactions 
of acetylene, together with an ex­

tensive classified biblio�raphy, are here 
presented as a compact but fairly com­

_plete account of an important industrial 
material. This is a solid text and refer­
ence book for the industrial chemist. 
(219 pages, 6 by 9 inches, unillustrated.) 

-$4.10 postpaid.-A.P.P. 

P RACTI CAL MARKSMANS H I P  

B y  Melvin M.  Johnson, Jr. 

H
ERE is a book for every man who ap­

preciates fire-arms, whether sol­
dier or sportsman. The author knows 
what he is talking about and writes 
in an interesting style, with plentiful, 
self-explanatory anecdotes to hammer 
home various points. Without being 
too technical he gives the important 
facts about markmanship, showing by 
diagrams and photos what would re­
quire pages of reading matter. His re­
marks on the early training of shooters 
would be well worth thoughtful study 
by many gunnery instructors. The 
chapter on short range snap shooting 
is of timely interest to those of our 
boys destined for jungle fighting. This 
book is a worthwhile gift to any service 
man whose life may depend on how 
well he knows how to handle his fire­
arms. (183 pages 5% inches by 8% 
inches, illustrated.)  -$2.60 postpaid.­
W.D.A. 

P LANT PATENTS-1 934-1 943 

By Robert S. Allyn 

S
UPPLEMENTING "The First Plant Pat­

ents," published in 1934, the present 
volume presents abstracts of plant pat­
ents 85 to 610. The text also covers the 
classification of plant patents, some 
plant patent suits, infringements, and 
offers the conclusion that plant patents 
have been extremely helpful to horti­
culturists. (52 pages, cloth cover, 7% 
by 11 inches, reproduction of  complete 
plant patent 261.) -$3.10 postpaid. Both 
volumes, covering plant patents from 1 
to 610, $5.10 postpaid, if ordered to­
gether.-A.P.P. 
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Te l esco p t i c s  
A Monthly Depa rtment for the Amateur Telescope Maker 

Conducted by ALBERT G. I NGALLS 
Editor of the Scientific American books "Amateur Telescope Making" 

and l'Amateur Telescope Making-Advanced'l 

R
EPRODUCED on this page at 7/16 origi­

nal size are several pages from Sir 
Isaac Newton's classic "Opticks" (1704) . 
The selection begins at the fateful 
point where Sir Isaac made the famous 
mistake that led him just to miss dis­
covering the achromatic lens principle 
-but also to invent and make the first 
Newtonian telescope. In it, the amateur 
telescope maker of today may see 
Newton, himself essentially an amateur, 
at work on the first telescope mirror of 
record. 

First-edition copies of Newton's "Op­
ticks" are sold by rare book dealers at 
prices current from about . $30 to $70. 
Let not the old-ftyle s of Newton's time 
difmay you, fince after remarkably 
little reading it no longer tripf you up. 

The first complete sentence on New­
ton's 75th page begins on line 2 with 
the word "But," and cGntains the state­
ment which delayed discovery of the 
achromatic lens almost a century. After 
a sketchy experiment Newton had 
jumped to the conclusion ' that refrac­
tive index and dispersion were pro­
portional, so that by no two-component 
objective lens dodge could lenses be 
freed from chromatic aberration. The 
pundits long blindly accepted New­
ton's dictum. 

Plaintively, Newton next states that, 
so far as the reflector is concerned, he 
supposes people would simply have to 
go on using the same old principle" the 
one-lens objective of Kepler which had 
immense focal length to minimize aber­
rations, and obtain any improvements 
by still further increasing these focal 

[ 75 ) might TeleO:"Pe.I b. brought '0 fnfficimt p<rfec:1ion, werei! 
noc rOt th'di!fer<ntrcttangibility of(,vcralforsofR.ys. BII( by reafon of this di/fere", rrfrangibility , I do not yec: fee my ocher mean, of impro" ing Tdcfcopes by R<intlions .Ione than thu of incrcafing their length" for which end the late 
conmvance of Hk.gtniU! {coons wf'll 2ccommodlfcd. For 
><ry long Tubes are <umberfomt, and kor<e to be rudil)' managed, and by rea(on of their leng'� .re very apt to bend, ""d :fluke. by bending (0 ;u ro caufe • continual tranbIJng In. [he Obi,ds, whereby it becom<s dillicult to k< ,hem difimal)' : where., b)' hi' contrivance rhe Ctalf .. 
2fC re:iilily m.n.goble, and the ObjeCt.Gu(s being /U;t up­
on .  Ihong upngbc Pole becomes mar< fiedd)'. 

Seeing theufo" ,he ITl1proY<ment ofT e1,(copes of givm kngths �Y Rrfra..'hons " defpeme ; I contrived herccoroT<.l Pcrfp<cnve by reSexion, ufmS iDfrcad of an Obied: GI.r. 
• conCave Me .. 1. The dimtter of the Sphere to wbicll ,he Met.l ,,';U gro�nd roncave was .bom 1 j Etiglilh Inches, and by confc9tlCnc< the 1enll'h of the lofhument abo .. ft. Inches and a quarter. The Eye.Clafs was pl'rio.convc� and the Drameter of chcSphcre co which rhe coO\'ex fide waa ground W>S ,bout ; of �n [nch, or a l i tde lel$, .nd by con­(,qucn« it m.gruficd between 10 and 40 times, By .no­
ther w'y Of me.(uTing I foond [hat it m.gnificd ,bout 
I I  tim<�, The ConCAve M«>! bore.n aperture of an Inch ""d a thlTd part ; hue [he lp<cture ''"S limited not by :m 
op,ke Corele, covering the Limb of ,he Met.1 rOllnd ,bollt, but by .n opake �ird. pl.«d between the Eye.GI.fs .nd ,he Eye, .nd pcrfora,.d in rhe middle with a link round hole for th: Ra)" to p.,f, through to the Eye, For this Cirek by being pla�ed hae, flopt much of ,he erroneous Light, ""h •• ch otbcrwlfe would have d,flurbed ,he VirIOn. By com. .1>2nng It with . prmy good Perfpcthye of fuur Fe" in K .  Icng,lt, 

lengths. But Newton goes on to say 
that users could at least avoid the long, 
slender, and cumbersome tubes which 
this had made necessary by using Huy­
gens' new and really manageable 
mounting. After finishing with Newton 
we shall return, in this antiquarian 
optical amble, to this new Huygens 
aerial mounting for which Newton puts 
in so strong a plug. 

"I contrived a perspective," Newton 
writes on the same page. Old term for 
telescope. 

. 

The fraction on the same page, in 
tiny type even on the original, is 1 /5. 

While, as Newton states, he stopped 
his aperture to 1 1 / 3", this was not 
the full diameter of his bell-metal 
speculum, which was 2 1 / 16".  Even 
then his focal ratio became f/4.7, and 
it is remarkable that this gave per­
formance, especially on a sphere-if it 
really was a sphere in the lack of a 
test. But �ny amateur knows the 
tendency with a soft lap to work toward 

[ 76 ]' 
length, ".'ade with . co�cay. Ey.·Glaf •• 1 could r<ad .at a veu.r difhncc ",i,h my.own InJlrument than with ,he cSlafs. Ycr Qbj{a. appcartd much darker in it than in the 61.(;, and th .. partly bcc.uCe mOre Light was lofl by re­
�exion in· the Me,.!. 'hen bv r<frattion in the Glafs and , 

. partly bccaufc my In!lr1:1nl.eO.t W.lS overchargtd. Had it magnificd but I oar >pimcs Itwould have ma(lo che Objet\-­appear moce brisk and pk,f.n'. Two of [heftl made ,bout 
. 6  Yea" ,go, >no haY< one of thern (lill by me by wllic:' I can pro\' c {he rruth of \("h.u: 1 writc. Yet k is not fo good 
3S .at the nrll. For the conCa\'e h.n bC(n .divers time:s t.lr­niOled and cIcaced 'gain, b)' nrbbing it with very folt Lea. ,her. \'>;Ihen l made ,hefe, an Actifl in unJ," undertook to imita

.
" it l but ufUlg ,nocher w.y of pulilhing them than I did, he ren mucli lbort of what l had .. tained to, 

as I �rr"word, undcrllood by di(courfiug the under-Work. 
man n"bad .mployed. The PohO, [ ufed w;u on ,hLlm,n. nero I h,d two round Copp" PIa", each fix Inches in 
Diamaer, the ooe COnvu the other concavt, ground yeo .. !y true [0 one- another. �n rhe conVe;t J ground the 0:"­
Jcd-Mml or concave whICh was to be pulilh'd till it had taken the Rigur. of thc coO\'ex, .cd was ready for a Polilh. Th,n I pitched ov" the convex Yery thinly, by dropping 
melted pirch upon it .nd warming it (cj k .. p the ' piech fo�, �\f�i11l t ground it wich the conc,l\'C Copper \�crred [0 ,""kit (pread evenly aU over the Conl'U. Thus by work. iDg it wdl I made J[ as thin as a GrOlr, �d altrr the ('on ... \'c-X was cold I gmund it .lgain to give if lS true a Figure ¥ J· could. , Then t ,oo� PUtty which I had n1Jde ,-cry 6ne oy "'a�Jng It from .n "s grolfer p.me!es, and laying a Iii:­ue of [hiS upon the plt�h,. I ground It upon the Pitch with the co.",ave Copp<r till " had don: ·making � noire; alld tIIr.D "pon rhe Pitch l lSround the ObJe�.Mer.J with a bri,� 

.Motion 

the hyperboloid, and maybe Newton 
luckily landed squarely on the parabo­
loid without knowing it. He did know 
a paraboloid was needed, but neither 
he nor anyone else knew how to 
figure one. 

The bottom line on page 75 refers to 
a refractor, obviously a Galilean type. 

Page 76, line 6, mentions "over­
charged." Empty magnification. Be­
ginners still cry for it. 

Line 8, "two of these." Of the two 
telescopes only the second, too often 
mislabeled the "first," survives. It is at 
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the headquarters of the Royal Society 
of London, where your scribe once 
was permitted to examine it. The treas­
ure was perched atop a cabinet at eye 
level, entirely in the open but in 
private office quarters. The accom­
panying photograph was obtained at 
that time. 

The competent workmanship clearly 
proves that Newton was himself a good 
amateur telescope maker and mechanic, 
and there is record that he bought a 
lathe while at Cambridge University. 
On that lathe and with his own hands 
he must have turned up the wooden 
base, the cup and ball mounting so 
simple and ingenious, and the eyepiece 
shell. 

Newton made these two reflectors re­
spectively in 1668 and 1671 and, since 
they were approximately alike, the 
question whether the one that sur­
vives is the first or the second is, after 
all, of lesser moment. He and others 
in 1674 communicated several items 
concerning them to the Royal Society 

[ 77 ]  
Motion, for about ovo or three :\.1inutCs �f time, . leaning 
turd upon it, . Then I PUt fcelb Putty upon .,be Pitch ana' 
ground it _g'lD rill " lad done m.kUlg a norre, .n.d .ft.,. 
wards gwund the Objetl Mml upon it ,� before . .  And 
chis Work I r<pcmd ,ill the Met.1 11'.., polllheJ, f!rmdmg .• 

it the tall time with all my Ilrcngrh for a good wlUle [og<­
thef, and frequently breatbing upon rhe Pitch to k<cp it 
moifr wicI19ut bring on any more rrefh Putty. Th. Ob� 
jed-Meral was tM' Inthes broad and abouL one third part 
of �n Inch ,hick, [0 keep it from bonding, I hitd twO of 
,h.fe Mrul., and when T h,d poUlbed them both I 'tri.d 
which w;u6</l, and ground the othe� .gain to ("e if 1 could 
make it bmer ttun that which I kept • .  ADd rhus by Itlany, 
Trials I le�rnt'the ,vay of polilhing, �U1 1 made tbofe tWo 
rcffetling PcCpeaive. r Jplke of abo •• , For this Art of 
po!i(l.il1g will be bmer learnt b)' repeated Pr.ai" ,han by 
my clcfeription. Jk{o" I ground tlte Ohi','< Mer.1 on ,be 
PilCh, ( �lway. ground the PUtcy o� it with tI,<; ("ncave 
. Copp<r till It haa don. moikUlg a noik, hecaufe If the Par. 
tides of the Putty were nOt by thi' mean' nude t'" /lick 
f.Il in the Piech, tGey would br roUmg up and down grate 
and ItCl th ... Ohiett Mer.land Iill it firlL olJjttl� hol", . 

through its periodical (still being pub­
lished) the Philosophical Trans.actions. 

He did not write his book, "Opticks," 
until about 1687 and then delayed its 
publication until 1704. 

There are replicas of Newton's tele­
scope in the planetariums in Philadel­
phia and Chicago and in the Buffalo 
Museum of Science. As a pure sporting 
proposition, any modern amateur who 
makes a c opy of Newton's telescope 
might at least consider the whim of 
foregoing those advantages which New­
ton could not enjoy, which would prove 
to be more than at first appears, and 
afterward ascertaining whether his 
work would pass the test to which 
Newton put his telescope. "I found," 
he writes, "that I could read in the 
Philosophical Transactions, placed in 
the Sun's light, at an hundred foot 
distance, and that at one hundred and 
twenty foot distance I could discern 
some of the words . 

Page 76, "as thin as a groat." Your 
scribe caught up with a Henry VIII 
groat at the Scott Stamp and Coin Co. 
and, though not much worn, it was 
very much thinner than a badly worn 
d:me. 

"Putty" is tin oxide. 

R
ETURNING now to the old long-focus, 

one-lens Kepler refractors, typical 
examples of its kind are: 3" lens, 30' 
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COM P LETE H IGH·GRADE KITS 
O U R  SPECI A LTY 

Each kit  has  two glass discs 
( correct thickness ) tempered 
pitch, 8 assorted abrasives 

, including rouge ( fewer may 
not give perfect optical sur­
f ace ) , instructions, FREE 
ALUMINIZED DIAGON­
AL. etc 

MIRRORS, made to order 
4" Kit $2.95 ( Pyrex, j\4.00 ) 
6" Kit . 4.00 ( Pyrex, 5 . 5 0 )  
8 "  Kit . 6 . 5 0  ( Pyrex, 8.00 ) 

1 0 "  Kit . . .  1 0.00 ( Pyrex, 1 5 .0 0 )  
1 2 "  Kit . 1 5 .00 ( Pyrex, 2 5 . 0 0 )  

PRISMS 1 1/4 " $3.75, 1 Y2 " $4.50 

A L U M I N I Z I N G  
A harder and brighter aluminum casting that is 
uniform and produces a lasting and superior re­
flecting surface. Guaranteed not to peel or b lister. 

6" . . . . . . . . . . . . . . . . . . . . . . .  $2.50 
8" . . . . . . . . . . . . . . . . . . . . . . . $3.50 

1 0" . . . . . . . . . . . . . . . . . . . . . . .  $5.00 
Mirrors for Cameras, Range Finders 

and other optical instruments. 

Write. for FREE ILLUSTRATED CATALOGUE 

TH E PRECIS ION OPT I C A L  CO. 
1 00 1  East 1 63rd Street 
N ew York 59, N. Y. 

REFLECTI N G  TELESCOPE KITS 
O U R  SPECIALTY 

PARABOLIC PYREX MIRRORS Made to Order, 
correctly figured, polished. and parabolized. Precise 
workmanship guaranteed. Prices on request.  

WE DO POLISHING, PARABOLIZING, AND 
ALUMINIZING 

Send for FREE ILLUSTRATED CATALOGUE 

M. CHALFI N 
G.P.O. Box 207, New York, N. Y. 

ALUM I N IZED 
SURFACE HARDENED COATINGS 

Get the BEST. No change in p rices. 

PRECISION PLUS 
ALUMINIZED DIAGONALS. Rectangular 
pitch polished flats, suitable for 4" short focus 
and 6 �' and 8" long focus scopes. 1 318 " X 1 'is " . 

Price.., flat to Yz wavelength $ 2 . 5 0  ea. ,  flat 
to Y4 wavelength $ 3 . 5 0  ea. , flat to 1 / 1 0 wave­
length $ 5 .00 ea. 

L E R O Y  M. E. C L A U S I N G  
5507-5509 Lincoln Ave. Chicago 25, I I I .  

TELESCOPE 

I 
Quality matenals of the��H�!�S 

6" KIt : - Glass, abrasIves , pitch, rouge and 
mstruments . . . . . . . .  . . . . .  $5 00 
LENS GRINDERS, pitch, abrasives . . . . $5 .00 
H O B  BYG R A FS ·- I N  FO R M  A TID N · - I N S P ECTIO N 
We offer you the benefit of our 26 years of 
experience at this hobby. Free price list. 
John M. Pierce ,  11 Harvard St . ,  Spr i ngfi e l d ,  VI. 

�A wd c::7��SCOP 
A Popular Illustrated 
A stronomical Monthly 

For amateur astronomers - new star 
charts, Gleanings for telescope makers, 
page for observers, and celestial photos. 
$ 2 . 5 0  a year, domestic ; $ 3 .00 in Canada. 

Single copy, 2 5  cents.  

SAMPLE COPY ON REQUEST 
, SK Y  PUBLISH ING CORPORATION 

Harvard Observatory, Cambridge 38,  Mass. 

f.l. (f 1 120) ; 5%" lens, 100' f.1. (f /219) ; 
7%" lens, 200' f.1. (fI258) . The long, 
slender, floppy, shimmying tubes were 
skeletonized and braced laterally by 
spreaders and hung on multiple bridles 
from tall poles, but in his new aerial 
mounting Huygens substituted for all 
this cumbersome gear one single simple 
silken cord of seven-pound strength 
(finest modern bait casting line nine 
pounds test-Abercrombie and Fitch) . 
This line alone linked together and 
controlled the objective in a delicately 
counterpoised cell on a ball-and-socket 
pivot, and the eyepiece. 

Details show in the accompanying il­
lustration from Smith's "Compleat Sys­
tem of Opticks" (1738) . A little crook 
in the tail of the cell stick offsets the 
angle of sag ( sketch 614) of the line. 
Sketch 615 shows the large eyepiece 
on a stick, the line and its guide, also 
the violin peg adjustment for f.1. (The 
scissors-like part is a variable rhombus 
attachment on a rest, by which a star, 
once found, could be held long enough 
to enable an inexperienced observer to 
get to the eyepiece.) Sketch 616 is a Mr. 
de la Hire's lens cell control. 

The whole, after study, ceases to 
seem ludicrous. 

S
OME years ago, in the Proceedings 

of the Royal Society of Edinburgh, 
the astronomer Sampson and the 
famous professor of optical design 
Conrady, with R. Westlake, today pro­
fessor at the University of Rochester 
and lens designer for Eastman Kodak, 
examined, tested, and described three 
of these old one-lens, long-focus ob­
j ectives preserved at the Royal Society 
of London. One was a 77/8 " of 122' f.1., 
diamond-signed by Huygens in 1686, 
together with the original apparatus 
for adjustment of his aerial telescopes, 

Made by I. N ewton, amateur 

including eyepiece of 2%" aperture and 
6" f.1 . The second was an 8%" of 170' 
f.1., signed by Huygens 26 June 1686 
and later owned by Newton. The third 
was a 9%" of 210' f.l. 

These examiners reported: "In com­
parison with even the cheapest of mod­
ern window or bottle glass, that in 
Huygens' lenses is extremely bad. Be­
sides numerous bubbles and small 

stones and frequent black particles of 
considerable size . . . the entire disks 
are simply one tangle of innumerable 
mostly fine veins which would render 
really regular refractive effects quite 
impossible." The refractive index for 
the 170' was 1 .53, for the 210', 1 .58, cor­
responding to modern plate. 

The plano side of the 210' was found 
to be "amazingly close to flat." Center­
ing was precise within 0 .0016" and 
0.0056" ,  yet Huygens centered by mik­
ing lens edges with a hand vise. 

The two authors add: "There is a 
widely current misapprehension in the 

���;;-�CJ- -' ' r.J i __ _ . '-.. . 
I 

) , I 

From Smith, "Compleat System of Opticks" 1738 
H uygens' aer ia l  te lescope 

matter of achromation in relation to 
these early systems. If the ocular is 
also a single lens and made of glass 
of the same dispersion, then for the 
combination, focused to infinity, the 
angular magnification is measured by 
the ratio of the focal lengths, and from 
this ratio the refractive index of the 
glass eliminates itself and leaves a 
function of the curves alone. Hence 
the image would be achromatic. The 
case is not so simple as this because 
the combination cannot be focused to 
infinity simultaneously for different 
colors, but a good approximation to it 
may be reached by focusing in the 
orange-yellow. We conclude," say 
Sampson and Conrady, "that the chro­
matic faults of these combinations were 
less noxious than is generally be­
lieved." 

Suppose a Kepler-Huygens aerial 
telescope were today or post-war made 
and set up beside a Newtonian of com­
parable aperture as a demonstration, 
what widespread attention it would at­
tract! Utility, low. Scientific demonstra­
tion value, interesting, somewhat in­
structive. Such stunts should, however, 
be done for the fun of it-justification 
enough. 

A few possibilities, from a table of 
Huygens' standards, are: a 5.48" of 100' 
f.1., hoisted up and down on a 75' pole, 
eyepiece 6.03" f.1. Or a 3.87" of 50' f.1., 
with 4.26" eyepiece and a 40' pole. 

Specific directions for ordering from 
large libraries photostats of the New­
ton, Smith, and Sampson-Conrady 
writings, glvmg working data, are 
available from this department. 

1 92 Printed in the U. S . A. Press of the Wilson H. Lee Como any. Orange. Connp.�t, i�llt .. SCIENTIF IC AMERI CAN SEPTEMBER 1 945 



BID at work R A D I O  I N T E L L I G E N C E  l H O W  
D I V I S I O N  K E E P S W A T C H . • •  

• The radio amateur has distinguished himself 
outstandingly in the service of his country in 
time of war. One of his most important jobs is 
in the RID - Radio Intelligence Division of the 
Federal Communications Commission. Above 
you see sketches of typical hams at work in the 
intercept room of one of the RID's monitoring 
stations. With high powered, extraordinarily sen­
sitive equipment like this, manned by experts, 
the RID patrols the ether, spots illegal trans­
mitters, locates lost planes and keeps watch on 
the entire radio spectrum to guard home front 

security. Vigilance like this has put more than 
400 c l a n d e s ti n e  stations  o u t  of commissi on. 
About 70% of the personnel employed by RID 
consists of licensed amateur radio operators. 
For these exacting technicians Hallicrafters has 
developed the finest equipment that can be 
made. When the time comes Hallicrafters will 
be ready with a full  line of HF, VHF and UHF 
communications equipment - designed specif. 
ically for the amateur and for all others who 
need the latest and best comjJined "in the radio 
man's radio." 

C O PY R I G H T  1 9 4 5  THE H A L U C RAFTERS  CO .  

This i s  a model SX-28A,  a communi cations receiver 
operating on a freq uency range of SSO kc to 42 Mc, 
continuous in 6 bands i ncluding regular broadcast band. 

ill I i [rilftl!rs A IAI)I'o 
THE HALLICRAFTERS CO., WORLD'S LARGfST EXCLUSIVE MANUFACTURERS Of SHORT WAVE RADIO COMMUNICATIONS EQUIPMENT, CHICAGO 1 6, U . ..... 



De ar 'Boo : 

' t know Mo the r nOW 

You w ou1. dn 
he al." w e 1.1. again . · · 

that she c an 
t 

. . .  she goes to the movies with us, and last Sunday she went to church and heard 

all of the sermon for the first time in years. She can hardly wait 'til your next 

leave so she can listen to your experiences, and share her new-found joy with you. 

Our friends say it's a miracle. They call her "glamor girl," tell her she's the 

most attractive woman in the crowd, with her new personality. rll always bless 
the day I got her to go with me for a demonstration of that new Zenith Hearing 
Aid. She wouldn't part with it now for a thousand dollars. 

If you have friends or relatives who do 
not hear well, this suggestion will bring 
new happiness into their lives. Have them 
visit the nearest Zenith dispenser and try 
a n e w  Zen i th Radio n i c  H earing Aid. 
Their own ears will decide how much bet­
ter they hear. No one will ask them to 
buy. There are no complicated tests. All 
controls are on the outside of the instru-

Choice of Colors, Too, No Extra Cost ! 
The Lustrous Ebony Amplifier har· 
monizes with dark clothing . The new 
Pastel Amplifier harmonizes with light 
color and sheer apparel. 

CANADIANS!  The Zenith Rad i o n i c  
Hearing A i d  (Air Conduction) is avail­
able in Canada - direct by mail only ­
at $40 (Canadian currency) . No extra 
chal"ges for shipping, duties, or taxes. 
Write Dept. SA·9A, Zenith Radio Cor· 
p o r a t i o n  of C a n a d a ,  L t d . ,  G u a r a n ty 
Trust Bldg . , P. O .  Box 30, Windsor, Ont. 

ment. They adj ust for personal hearing 
needs as easily as focusing binoculars. 
vVhat's more, the new Neutral-Color Ear­
phone and Cord is so inconspicuous, it 
makes wearing a Zenith as little notice­
able as eyeglasses. 

Make the suggestion first chance you 
get. You'll never do a finer thing in your 
life - and with less effort ! 

BY THE MAKERS OF ZENITH RADIOS 

COPY R I G H T  1 9 4 5 ,  Z E N I T H  RADIO CORP .  

A New Zenith Model  for  Practically Every 

Type of Correctable Hearing Loss 

Model A-3-A, The popular Air Conduc" 
tion Zenith - a  super-power instrument. 
Tremendous reserve volume to assure 
maximum clarity and tone quality even 
under the most difficult conditions ! Com" 
plete, ready-to-wear, with Neutral-Color 
Earphone and Cord, only $50, 
Model  B-3-A. New Bone C o n d u c t i o n  
Zenith for the very few who c a n  n o t  be 
helped by any air conduction aid. Com. 
plete - ready- to-wear - only $50. 
Model A-2-A . • .  the standard Air-Con­
duction Zenith. Complete, ready-ta-wear, 
only $40. 

- PASTE ON PENNY POSTCARD AND MA I L- - -

ZE"ITH RADIO CORPORATION . Dept. SA-9A 
600 1 Dickens Avenue, Chicago 39, Illinois 

Please send me free literature about Z enith 
Radionic Hearing Aids-together with' name 
and address of nearest Zenith D ispenser. 

Nalne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Address . . . . . . . .  _ . . . . . . . . . . . . . . . . . . . . . .  . 

City 
State 
D Physicians check here for special literature. 


