


Previews of the Industrial Horizon 

RAILROADS AT WORK 

As Scientific American salutes 100 years of railroad prog­
ress with the present number, the railroads themselves are 
gallantly carrying a war-time burden that has been made 
doubly difficult by the continuing reduction in the ability of 
other forms of transportation to operate at normal capacity. 
Accustomed as the public has become to other forms of sur­
face and air transportation, it has had to fall back more and 
more on the rails that were so largely responsible for open­
ing the frontiers of this great nation. 

Although the operations of the railroads are confined to 
their rights-of-way, and they lack much of the flexibility 
of highway transportation, they handled almost three quar­
ters of the nation's inter-city freight during 1943, plus a large 
percentage of other transportation requirements brought 
about by the war. With such a record, ·the future of the 
railroads seems assured.' Those who would point to the air 
and to the highways as the future transportation thorough­
fares that will carry all passengers and freight would do well 
to pause and reconsider many of the factors that have made 
the railroads great. 

No longer does the stigma of "the public be damned" 
dominate the operations of the railroads. Such an attitude 
died with the passing of adolesence-it is a concomitant 
of growing pains-and h'as been replaced with the realiza­
tion that the public must be served. If the reader still doubts, 
the articles in this issue of Scientific American should do 
much to dispel the surrounding mists. Industrial co-opera­
tion with the railroads, plus the plans of the roads them­
selves, point up the .place of the railroads in the American 
way of life. 

WHO WILL PAY THE FREIGHT? 

WITHOUT going too deeply into the mire of taxation, sub­
sidies, and so on, it should be noted here that the railroads 
must be given an even break with other means of trans­
portation. They have paved the way. They have proved their 
value over more than a century. They can be equally valu­
able in the strenuous post-war years to come. But they have 
two strikes against them, strikes that can well vitiate the 
technological developments· which the railroads have initi­
ated and nutured, unless something is done about the umpir­
ing of the ball game. We can do no better in summarizing 
this sector of the railroad horizon than to quote Gustav 
Metzman, president of the New York Central System: 

"If our government-owned transport plant-our super­
highways, our waterways, and our airways-were made 
really self-supporting, then these developments could be 
made free irom appropriations and from politics. If this 
were done, private investment in railways could live along­
side of government 'investment in highways, waterways, air­
ports, and airways." 

TOMORROW'S HOMES 

EVERYONE knows, apparently, that a big building boom is 
due just over the horizon. Figures have been quoted fre­
quently on this page, the latest of them being that an esti­
mated 12 million new homes and apartment units will be 
built in the first ten post-war yeal"s. This is a figure that 
indicates that only Big Business can turn the trick, can 
throw into the field the resources necessary to provide such 
capacity of construction. And this naturally brings up the 
question of pre-fabrication of home units. 

Are the American people going to look forward with any 
degree of anticipation to vast areas built up with homes of 
identical appearance? Is John Q. Public going to be satisfied 
with a domicile that looks just like his neighbors', for as 
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far as the eye can see? It is hardly necessary here to record 
the negative answer. 

But Big Business made possible the millions of pre-war 
automobiles which brought Mr. Public a freedom of move­
ment that he· had never known before. It brought him re­
frigerators, radios, oil burners, and other modern comforts. 
And it will bring him the benefits of prefabrication without 
the possible detriments of pernicious uniformity. Our bets 
for the future of prefabrication go on kitchens, bathrooms, 
wall units, heating systems, and the like, which can be 
economically worked into individualistic designs that will 
make the home of tomorrow a completely livable place, 
with the distinctiveness that is a requisite of human: nature. 

RADIANT HEATING 

WHILE on the subject of homes, radiant heating should be 
given a passing nod. This system, in which the heating 
pipes are concealed in the walls or floors and there are no 
radiators in the commonly accepted sense of the word, is 
going to get a big play in tomorrow's homes. Houses 
equipped with this system are kept uniformly comfortable 
with thermostat settings of 60 to 62 degrees and the re­
sponse to sudden temperature changes is remarkably rapid. 
Put this method of home heating down as one of the bright­
est spots on the home's post-war horizon. 

SYNTHETIC COATED METALS 

A PROCESS of coating metals with synthetic latex is going 
to make a strong bid for acceptance in days to come. Origi.;. 
nally adopted to eliminate the effects of abrasion and rust 
as well as acid and alkali corrosion, it also provides a cush­
ioned and non-slip surface for hard metal bases. Thus far, 
applications have been to filter-press plates, airplane and 
automobile steering wheels, submarine and other naval 
equipment, airplane cooling systems, and so on through 
bolts and nuts and a hundred and one other items. 

Through a process developed by United States Rubber 
Company, synthetic latex-neoprene, buna S, and others­
is coated on metal without the use of molds or dies. This 
method of coating and insulating metal has added ad­
vantages wherever the possibility of static electricity sparks 
would cause explosion, fire, or shock. 

FOR FUTURE REFERENCE 

A RECENT survey by the Society of Automotive Engineers 
shows that popular demand will require that the automotive 
industry provide more headroom; improved ventilation; 
more and better gadgets in the form of radios, heaters, 
clocks, and the like; sound-proofing; more and better vision; 
narrower fenders; less chromium trim; more durable up­
holstery; but none of these at the expense of room and 
comfort for passengers and driver. . . Flying buses, or 
taxicabs, carrying passengers on flights of 10 to 20 miles or 
more, ;Ire no longer in the dream stage, according to a 
spokesman of Lockheed ... Says the Better Vision Institute, 
proposals for highway speeds of 75 miles an hour will in­
crease the work of the "grim reaper" because millions of 
automobile drivers do not have eyes that can function 
rapidly enough to drive safely at such speed. . . Tortiona! 
vibration in Diesel engines, caused by high compression 
pressures, ar" well on the way toward being licked. 
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to destroy �m you 1I""e to see iPm 

Microscopes are gunsights in Medicine's 
battle on bacteria. 

Optical microscopes, however, were not 
powerful enough to "draw an accurate bead" 
on the deadly virus that caused influenza. 

But today, medical men have seen what 
no optical microscope could bring into 
focus-the infinitesimal influenza virus that 
previously had lain craftily camouflaged 
among larger cells. 

This revelation came about through the 
Electron Microscope, developed by scien­
tists at RCA Laboratories. And now, having 
been seen, influenza may be forced to un­
conditional surrender, saving the lives of 
thousands each year. 

. 
iHlere is but one facet of the genius shown 

by scientists behind RCA research • • •  the 
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"ever-onward" research that saves lives or 

creates a better radio with equal skill • • •  

the "there-when-you-need-it" research that 
gave super-secret equipment to the United 
Nations ... the "way-ahead" research that 
goes into everything made by RCA. 

When you buy an RCA radio or phono­
graph or television set or any RCA product, 
you get a great satisfaction . • •  enjoy a 
unique pride of ownership' in knowing that 
you possess the very finest instrument of its 
kind that science has yet achieved. 

They see what human eyes 
have never seen before! 

Drs. Arthur Vance and James Hillier 
scientists at RCA Laboratories, with M/ 
E. W. Engstrom, Research D ire ctor 
(standing), examine the RCA Electron 
Microscope that has useful magnifica­
tion up to 100,000 diameters, revealing 
unseen new worlds to the eyes of man. 

RADIO CORPORATION 0' AMERICA 
PIONEERS IN PROGREss

G 
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50 Years Ago in • • • 

(Condensed from Issues of March, 1895) 

RAIL SPEED - "'fl\e first famous record of engine 999 was 
made May 9, 1893, hauling 362,000 pounds of cars and pas­
sengers, the engine and tender weighing 204,000 pounds, the 
total weight of train being 283 short tons. This train ran on 
that trip 69 miles in 68 minutes, and during this part of the 
run made 5 miles in 3% minutes, or at the rate of 85.7 miles 
an hour on a descending grade of about 20 feet per mile. Dur­
ing the same run one mile was made in 35 seconds, or at the 
rate of· 102.8 miles an hour. The speed was taken between 
miles posts with a stop watch by the conducto't of the train." 

MILLSTONES - "Rock emery forms, as would be expected, 
one of the hardest, strongest and most cutting and durable 
millstones. Rock emery millstones are also but a trifle mQre 
expensive than the best French buhrs, which is a point in 
their. favor. Rock emery millstones not only displace the 
French buhr, but also the expensive iron mills recently in­
troduced, which cost from three to five times as much as 
rock emery mills,.and do less work and of an inferior quality." 

EUCALYPTUS - "The eucalyptus tree promises to become in 
time almost as useful to California as the bamboo is to 

Japan and China ... It has the advantage of requiring little 
or no attention and of growing with a,stonishing rapidity ... 
The wood brings a good price when sold for fuel and it is 
generally acknowledged to have, besides, many valuable 
medicinal qualities. The eucalyptus is also extensively used 
to form a windbreak about Californian gardens and orchards." 

ARGON - "Thursday,January 31, was an eventful day in 
the history of the Royal Society ... Lord Rayleigh startled 
the world by announcing the discovery of a new constituent 
of the atmosphere ... The new gas is called 'argon'; and, so 
far as is at present known, it stands entirely unrelated to 
any other substance in nature .. . Its solubility in water is 
2% times as great as that of nitrogen. Examined by the 
spectroscope, it shows that it has two distinct spectra like 
nitrogen itself; but while the nitrogen spectra are of differ­
ent characters, those of 'argon' are of the same type." 

GAGE - ''Both pointers of a gage indicating pressure and 
and temperature are designed to move in unison as long 
as the boiler is working under normal conditions, the heat 
indicator hand traveling faster than the pressure gage hand' 
when an abnormal increase of heat takes place in the boiler, 
an alarm being at the same time sounded." 

TESLA - "The attention of the scientific world mst centered 
upon Tesla in 188 7 through his invention of the rotating mag­
netic field for the economic transmission of power. It is 
believed that Mr. Tesla's experiments were made with a 
view to saving at least one-third of the energy now wasted 
in electric lighting ... He is at present controlling electrical 
engineer of the Niagara Falls Power Company." 

GASOLINE - ''The word gasoline suggests danger in the 
minds of many. It is nevertheless a fact that fewer accidents 
occur with gasoline engines than with steam power. The 
very fact that insurance rates are considerably less where 
gasoline engines are used is evidence that they are less 
dangerous. It has been but a few years since this type of 
engine was built in small sizes only, and were not intended 
to drive machinery of any great magnitude. At the present 
time, however, they are built in sizes considerably larger 
than 100 horse power." 
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SYNTHETIC CHEMISTRY - "A strange conflict is going on just 
now between nature and science. The field of battle is in the 
chemical laboratory. Chemistry is making. advances along 
new lines, and products are being obtained by artifice which 
hitherto have only been known as those of nature. This is 
the field of synthetic chemistry. Whereas, until recently, 
chemists have occupied themselves almos� wholly with 
the processes of analysis-that is to say, the taking of things 
apart-now they are trying to put elements together so as to 
imitate natural compounds." 

PLATE GLASS - "The manufacture of plate glass has attained 
great development in recent times. It is a striking fact' that 
a material so easily manipulated as glass in the molten state 
only yields its finest product, plate glass, to the operations 

of slow mechanical grinding and polishing ... The Pittsburgh 
Plate Glass Company ... stands as a representative American 
manufacturer of plate glass, its works being among the largest 
in the world. . . The material for the plate must be of the 
utmost purity .. . The first operation after the glass is melted 
is the rolling. The rolling table is shown in our illustration. 
It has an iron bed and two rollers are arranged to traverse 
its surface. The thickness of the glass is regulated by strips 
of iron which run along the edges of the table, on which 
strips the rollers rest. The table is mounted on wheels, so that 
it can be drawn on tracks from one part of the glasshouse 
to another. A movable crane is shown, which lifts and trans" 
ports the pots of melted glass." 

STEAM SHOVEL - "The primary object of the steam shovel 
is to supersede hand labor in shoveling; but with the advent 
of the steam shovel came increased and multiplied oppor­
tunities for its use, and it is now doing work which by hand 
labor would have been impossible." 

BALLOON FLIGHT - "A remarkable balloon voyage was made 
in Germany a few weeks ago by Dr. A. Benson, during which 
the balloon reached a height of 31,496 feet, or nearly six 
miles. The balloon was equipped with various instruments 
for making observations, and much of interest was observed 
concerning atmospheric physics:' 

COAL - "Coal is now the great source of .power. A ton of 
coal represents eight or ten thousand man power hours, and 
perhaps over one thousand horse power hours. It can be 
produced for so small a price that in the regions of its pro­
duction it is the' smallest element in the expense of power 
production." 

MACHINE GUN USE - "At a recent meeting in London of 
the Maxim-Nordenfelt Guns and Ammunition Company 
the chairman, Admiral Sir Edmund Commerell, said their 
0.303 Maxim gun had cut down a tree seventeen inches in 
diameter in one minute. . . This indicates that perhaps the 
machine gun could be used in felling forest trees in place 
of saws and axes. While the gun appears to be efficacious on 
seventeen inch trees, probably it would be stuck if directed 
against some of the larger trees, such as those of Wash­
ington, where a diameter of six feet is not uncommon." 

SCIENTIFIC AMERICAN MARCH 1945 



A MODERN SYLLOGISM 

,MAJOR PREMISE: 

Bell Telephone System serves the American Public. 

MINOR PREMISE: 

Bell Telephone Laboratories develop the facilities of 

the Bell System. 

CONCLUSION: 

Therefore, Bell Laboratories serve the American Public. 

And that is the raison d etre of the Laboratories. 
For the Bell Telephone System, the Laboratories 
carry on research studies in all the sciences and 
development work in all the engineering arts that 
relate to electrical communication. 

For the Western Electric Company, the manufac­
turing unit' oHhe System, the Laboratories develop 

equipment, prepare specifications for its construc­
tion, and engage in various engineering activities. 

For the Armed Forces of the United States, under 
contracts of the Western Electric, the Laboratories 
have undertaken more than a thousand develop­
ment projects - many with spectacular effect upon 
our enemies. 

BELL TELEPHONE LABORATORIES explore and invent, devise and. perfect for our Armed 

Forces at war and for continued improvements and economies in telephone service. 
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. into a Thousand Glorious Tomorrows 
America is the land of dreamers and doers, where 
the tomorrows give promise and strength to those 
who dare to look ahead, work and have faith. 

Pioneering, expanding and accepting that 
which was new and better, ROCK ISLAND 
LINES has served and grown ... with America. 
We are proud of our 92 years of work and 
progress, through peace and war, prospet:ity and 
depression ... always with faith in the future of 
America and its progressive people. 

But yesterday is important only because it 
gave us courage to plan for our tomorrows. And 
ROCK ISLAND LINES has plans for tomorrow 
• . . interesting and ambitious. 

All America is planning now. Dreamers and 
doers will be rewarded by many glorious tomor­
rows; a nation grown even greater with ever 
higher standards of life, comfort and happiness. 

ROCK ISLAND LINES, against a backdrop 
of proud and glorious yesterdays, pledges that it 
shall take a hand in providing the bright future 
you are hoping for. All of us, planning and 
working together, dreaming and doing, will prove 
once more that America can make its dreams 
come true. 

As yesterday - and today - so tomor­
row ROCK ISLAND'S sole purpose is to 
pro 'Vide the finest in transportation. 

OCK ISLA LINES . . 

ONE 0 F A M E' RIC A' 5 R A I L R 0 ADS - � U NIT E D FOR V leT 0 R Y 
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"Old Ironsides" he .. ds t�e first r .. ilro .. d tr .. in in Pennsylv .. ni ... First trip m .. de November 23; 1832 

On The Railroad. Frontier 

From the Wood.Burning Engines of a Century Ago 

to the Streamliners of Today, the Railroads have 

Served All Industry in Many Ways. Here is the 

Compact Story of Railroad Progress 

A
T THE time they were first projected in America, rail­

ways had been in service in England for about 150 
years. The simple w.o.od rails had been replaced with 

various patterns of cast-iron rails and, in the decade after 
1820, rolled wr.ought-ir.on rails were rapidly taking the lead. 

The English track gage was 4 feet, 8% inches. This gage 
prevailed .on the early American railroads,' although there 
were e;xcepti.ons t.o it. A notable one was the New York & 
Erie Railroad, which was .originally built {rom Piermont, 
New Y.ork, to Dunkirk, on Lake Erie, with a 6-fo.ot gag�. 
For many years the American railway system has standard­
ized on the 4-fo.ot, 81h-inch gage with the excepti.on of a 
few is.olated narrow-gage lines. 

In the. United States .of the early 1800's there was a scarcity 
of iron, while timber was plentiful and cheap. Nich.olas Wood, 
in his "Practical Treatise on Rail Roads" (L.ond.on, 1838), 
described American track structure as c.onsisting .of w.o.od 
rails, laid in parallel trenches filled' with br.oken stone .or 
gravel .on white oak cr.oss-ties, als.o laid in ballast-filled 
trenches. On the t.op of the wood rail was spiked an iron 
plate, cut diag.onally at the ends. Other early tracks in the 
United States were laid with continuous granite sills, instead 
of the wooel rails and cross-ties. The flat iron rails were 
attached t.o the t.ops of the stone sills. The wo.od track pr.oved 
much faster and cheaper t.o build and so became the pre-
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By C. B. PECK 

ferred constructi.on despite its supposed inferi.or durability. 
When Robert L. Stevens, president and chief engineer 

.of the Camden & Amboy Railr.oad and Transp.ortation C.om� 
pany, went to England in 1830 to buy the l.oc.omotive "J.ohn 
Bull," he whittled .out a secti.on .of a rail which would not 
need chairs to support it. This secti.on had an enlarged head 
and a wide flat base. 

Because such iron rails were expensive and difficult to se­
cure, the strap rail was widely used until the middle 1850's, 
despite its unreliability in service. The spikes had a way .of 
w.orking .out, particularly at the ends which, .occasi.onally, 
would be caught by a wheel and the rail peeled up in a 
"snakehead" which was driven through the car fl.o.or, placing 
the lives .of the passengers in j e.opardy. 

The first ir.on rail t.o be rolled in America was the Evans 
U-section. It was r.olled at Fr.ostburg, Maryland, in 1844, and 
was laid on the Baltim.ore & Ohio Railroad. 

In 1845 T-rails were first rolled in the United States at 
the M.ontour Rolling Mill, built at Danville, Pennsylvania, 
to roll rails exclusively. Thereafter, facilities for pr.oducing 
wrought-iron rails multiplied rapidly. 

STEEL RAILS-In 1865 the first steel rails were r.olled in 
America at the Chicag.o Rolling Mill, since then a part .of the 
property of the United States Steel C.orporation. The first 
c.ommercial order, rolled two years later, marked the be­
ginning of the Bessemer era. 

Steel rails c.ontinued to be r.olled in the squat f.orm char­
acteristic .of the wr.ought-ir.on rail for nearly half a century, 
despite the fact that within 10 years this form was known 
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A member of the "Atlantic" family of locomotives on the B & O. It was originally built without cab 

to lack adequate stiffness. A long period of tinkering with 
the section, without improving its fundamental weakness, 
began in 1874. 

A notable exception to this course of events was the rail 
developed by Dr. P. H. Dudley of the New York Central 
& Hudson River Railroad in 1883. This had a high section 
with a relatively thin head and thick base, and weighed 80 
pounds per yard. It demonstrated marked superiority over 
the customary sections, both as to stiffness and wear, but the 
prevailing engineering opinion of the period was too deeply 
entrenched to be changed at once. 

It was not until 1933 that the need for stiffness was offi­
cially recognized by the American Railway Engineering 
Association. The 112:"pound and 131-pound sections adopted 
in that year have since superseded all of the earlier sections 
for rail over 100 pounds per yard. 

The 131-pound section is designed for axle loads of 80,-
000 pounds operating at speeds up to 80 miles per hour. 
Already the Pennsylvania Railroad has designed and is. lay­
ing rail of high section weighing 152, pounds per yard for 
axle loads up to 100,000 pounds operating at 100 miles per 
hour. 

Bessemer steel had demonstrated as early as 1900 its 
inability to stand up under increasing wheel loads and heavy 
traffic volume, and thereafter was rapidly superseded by 
open-hearth' rail. 

In 1911 arose the acute problem of transverse fissures­
hidden deffects in the rail which resulted all too frequently 
in rail failures. After years of controversy between the rail­
roads and the steel industry as to who was responsible, both 
groups finally pooled their interests and in 1931 began a 
joint investigation. Out of this came both a diagnosis and a 
successful remedy.* 

Angle bars, bolts, tie plates, spikes, and rail anchors have 
all been changed by much the same kind of evolution as 
rail, both as to design and metallurgy. And what has hap­
pened to the cross-tie is even more spectacular. The white 
oak ties of the last century, .if available today, would have 
a life of not over four to eight years. Today, the softer woods, 
after they have been creosoted or subjected to impregnation 
wi th other chemicals, are good for 20 to 25 years. 

These developments have contributed to making present­
day track highly stable as to line and surface and increasing­
ly reliable as to its need for maintenance. 

SIGNALING AND COMMUNICATION-The first 20 years of 
railway operation in America were without communications 
other than those provided by the trains themselves. As most 
of the railways were single tracked, the establishment of 
effective rules for the safe movement of trains, without un­
due delay to traffic, was a serious problem. One rule was 
that the "ruling train" had the right of one hour against 
opposing trains of the same class. A ruling train which had 

See Scientific American for January, 1944, page 17. 
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lost its hour was permitted, after waiting another 10 minutes, 
to proceed 20 minutes behind a flagman on foot, a tedious 
procedure limited in its scope by the endurance of the mem­
bers of the crew. 

In the fall of 1851 Charles Minot, superintendent of the 
New York & Erie Railroad, made the first use of the tele­
graph to issue orders for the movement of trains, saving an 
hour or more of delay which would have been incurred 
under the then current operating rules. The use of the tele­
graph to transmit train orders was thereafter regular prac­
tice on the Erie. Several years elapsed, however, before other 
railroads began to adopt it. 

The semaphore signal was used very early on American 
railways. The early signals of this type were operated on a 
"time-interval" system. The signal was set at the "stop" in­
dication for five minutes following the departure of a train 
and then cleared. 

BLOCK SIGNAL�In 1863 Ashbel Welsh, general president 
and chief engineer of the New Jersey Canal & Railroad Com­
panies (now part of the main line of the Pennsylvania Rail­
road), installed a system of block signals for controlling the 
movement of trains. Unlike the time-interval system, the 
purpose of this block system was to maintain a minimum 
space interval between trains moving in the same direction. 
The signal was an oil lamp set iIi front of a polished 
white reflector, enclosed in a box which normally concealed 
the light of the lamp. If, when a train approached, the 
section of line ahead (the "block") was clear, the lamp 
was lifted by means of a lever and rope, which was op­
erated from within the station. In its upper position the light 
of the lamp by night or the white reflector by day showed 
through a glass window in the box. This was the "safety" 
aspect. When no light or the black interior of the box was 
displayed at a station, the train was required to stop. This 
signal was later improved by fixing the position of the lamp 
behind the window and drawing a red flannel curtain over 
the window when a train stop was required. The blocks are 
.said not to have exceeded six .miles in length. 

Following the leasing of the New Jersey Canal & Railroad 
Companies' line by the Pennsylvania Railroad in 1871, this 
system of signals was extended to Pittsburgh. Before 
1890 similar block signal systems were in operation on four 
more railroads: the West Shore, the Erie, the New York 
Central & Hudson River, and the Chicago, Burlington & 
Quincy. On parts of their lines the Erie and the New York 
Central & Hudson River installed a system of electrically 
controlled manual block signals in which electro-magnets 
automatically locked the signal lever against movement to 
the clear indication as long as the track ahead was occu­
pied. 

The early installations on all these roads were on double­
track lines which were signaled for operation of each track 
in one direction. The first installation of block signals to a 
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single-track line to receive prominent attention was on the 
Canadian Pacific in 1884. 

The first installation of the automatic block signal system, 
which has since superseded the controlled manual system, 
was in 1871, when Thomas S. Hall signaled 16 miles of 
the Eastern Railroad (now part ·of the Boston & Maine 
Railroad). Hall employed a track instrument in the nature 
of a treadle which, depressed by passing wheels, closed an 
electric circuit in a wire carried on poles at the roadside. 

TRACK CIRCUITS-This system, with its open roadside cir­
cuit, was soon superseded by the closed track circuit, com­
prising the two rails, one for each side of the circuit, insu­
lated in block-section lengths. The rails were connected to 
the two terminals of an electric battery at one end of the 
block section and to a relay at the opposite end. Normally, 
the relay was energized, but when a train entered the section 
at the relay end, the wheels and axles shunted out most of 
the current. This de-energized the relay and caused the sig­
Ital to display the "stop" aspect until the train had passed out 
of that block. The closed-rail track circuit was developed 
by Dr. William Robinson and installed on the Philadelphia 
& Erie (now part of the Pennsylvania Railroad) at Kinzua, 
Pennsylvania, in 1872. It has since been recognized as the 
only safe means whereby a train may retain control of a 
signal while occupying the section of track protected by 
the signal. In 1877 the first signals controlled by more than 
one track circuit were installed by Dr. Robinson. 

More recent developments in signaling are the replace­
ment of the semaphore blades by lights which give the 
indications both day and night. There. are color signals 
which have separate lights and lenses for each color in­
dication, and others in which the color aspect of a single 
light and lens is changed by a movable spectacle within 
the case. And there are position lights, yellow in color, and 
arranged in rows of three to give angular position aspects 
similar to those of the semaphore blade. 

Power for operation of track circuits and for moving the 
signal arms was long obtained from primary batteries. They 
are being superseded by purchased power, To reduce the 
power consumption, track circuits and relays are arranged 
for "approach lighting." This arrangement permits the signal 
lights to remain unlit until a train enters the block in front 
of the signal and to go out again as soon as the train has 
left the block beyond the signal. 

Each forward step in communications has increased the 
capacity of the line at the same time that it has made the 
movement of trains safer. The first major improvement sup­
plemented the operation of trains by timetable and rules 
with the telegraphic train order. The block signal system, 
in turn, supplemented and simplified the application of train 
orders. Each step reduced the interference with train move­
ment. 

The first complete system for directing train movements 
over an operating division by signal indication without 
train orders was placed in service on the Missouri Pa­
cifiic in 1925, using controlled manual block for con­
trolling train movements. The CTC (centralized traffic 

control) system, was first installed on the New York Central 
in 1927. It places the signals and switches over a considerable 
territory under the remote control of an operator directed 
by the despatcher. No communications with the train are 
required other than signal indications. 

AUTOMATIC CONTROL-Another development associated 
with signaling· is automatic train control, the purpose of 
which is to insure safe operation in the event of a failure in 

courtesy "Railway Age" 

A section of th-e first B & 0 track built in 1829-30. 
Iron plates, cut diagonally, were spiked to wood rails 

alertness of the engineman. This involves a form of com­
munication between the locomotive and roadway. The first 
system involved a track ramp contacting a shoe on the loco­
motive. Another system of the intermittent type operates 
inductively and involves no physical contact. The continuous 
system employs an alternating current passing through the 
rails which results in an electric field around each rail. 
Coils on the locomotive are affected by this field. In all of 
these devices, signal indications are translated into the ac­
tion called for, which is put into effect automatically in 
case the engineman fails to do so. 

Accessory to the continuous train-control system is the 
continuously controlled cab-signal system. A substantial 
body of informed opinion considers the continuous cab 
signal more useful as a safety device than the train-control 
system itself. 

The first interlocking plant in America was imported from 
England and installed on the line of the United New Jersey 
Canal & Railroad Companies at Trenton, New Jersey, in 

The first Mallet articulated compound locomotive in America. Built in 1904 
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1870. This comprised mechanical locking of manually op­
erated switches and signals. 

Two other systems have since largely superseded the 
mechanical system. Electric interlocking, in which the 
switches and signals are' both operated by electric motors, 
was invented by John B. Taylor and, the first installation 
in the United States was made in 1899. Electro-pneumatic 
interlocking is the invention of George Westinghouse. In 
this system the source of power for the movement of switches 
and signals is compressed air controlled by electrically 
operated solenoid valves. 

THE STEAM LOCOMOTIVE-The track structures of the early 
American railway were much lighter than those in England 
and the curves were of shorter radii. The four locomotives 
ordered in England by Horatio Allen for the Delaware & 
Hudson Canal & Banking Company in 1828 were too heavy 
for the road and only one of them, the "Stourbridge Lion," 
was ever set up. It was the first locomotive to run on rails in 
America, but its trial demonstrated its ilnpracticability. 

The West Point Foundry in New York City had set up the 
Stourbridge Lion in 1829 and thereafter became a builder 
of locomotives. The "Best Friend," credited with being the 
first American-built locomotive to be placed in regular 
service, and another locomotive, were built in 1830 for the 
,Charleston & Hamburg Railway. The "DeWitt CHnton," for 
:the Hudson & Mohawk, was built a year later. 

Peter Cooper's "Tom Thumb" contributed nothing to the 
technical development of the locomotive, but it encouraged 
the directors of the Baltimore & Ohio to continue their 
:search for a suitable steam locomotive. The "York" (3% 
'tons) built by Davis & Gartner of York, Pennsylvania, met 
'the terms of a prize contest and was followed by the 
"Atlantic" (6% tons) and a whole series of "grasshoppers" 
with upright boilers and gear drives. _ 

None of these locomotives was influenced by the results 
of the Rainhill Trials held by the Liverpool & Manchester 
in October, 1829. The first American locomotives to include 
the features which caused George Stephenson's "Rocket" to 
succeed in that famous event were built by �atthias Bald­
win and William Norris in Philadelphia in 1832. Baldwin's 
"Old Ironsides" followed closely the characteristics of 
Stephenson's "Planet" class. Unlike the latter, however, it 
had outside cylinders and rods, instead of the inside cylinders 
driving on cranked axles favored by the British for their 
superior lateral stability. 

Other locomotive builders established during the 1830's 
were Eastwick & Harrison, Philadelphia; The Locks & 
Canals Company of Lowell, Massachusetts; Rogers, Ketchum 
& Grosvenor of Paterson New Jersey; and Isaac Hinckley 
of Bosten. The Paterson firm was a builder of textile machin-

ery until Thomas Rogers, the active member, was induced to 
manufacture springs, wheels, and axles for the Charleston & 
Hamburg by Horatio Allen, its chief engineer. This preceded 
by several years the building of the "Sandusky" for the Mad 
River & Lake Erie in 1837. 

ENGINE TYPES-Succeeding Phineas Davis of Davis & Gart­
ner, Ross Winans became the leader in building locomotives 
for the Baltimore & Ohio. He is famous for two types. The 
"Mud Digger" had eight coupled wheels driven by gearing 
from a jack shaft. In 1850 he developed the "Camel" type, 
another eight-coupled locomotive noted for its unusual 
firebox for burning bituminous coal. Neither type has sur­
vived. 

One of the most important of the early inventi(ms for loco­
motives was the four-wheel swivel engine truck invented 
by John B. Jervis, another name made famous by its asso­
ciation with the Delaware & Hudson Canal & Banking Com­
pany, who was, in 1831, chief engineer of the Mohawk & 
Hudson. It adapted the locomotive to the weak track struc­
ture and sharp curves of America. 

Henry R Campbell, chief engineer of the Philadelphia, 
Germantown & Norristown, patented an eight-wheel locomo­
tive with a four-wheel engine truck and four connected 
drivers and Eastwick & Harrison built such a locomotive in 
1837. The driving axles were carried in an equalizing frame 
separate from the main locomotive frame; equalizing beams 
between the springs of the two axles were soon substituted 
for the separate frame construction. This method of adapt­
ing the locomotive wheels to the irregularities of track sUr­
face has since been a feature of American locomotive con­
struction. 

Matthias Baldwin invented the ground metallic steam­
pipe joint by which he replaced the canvas and red-lead 
gaskets of the early British locomotives. This permitted him 
to boost steam pressures from 60 pounds per square inch 
to 120 pounds. 

Thomas Rogers designed a driving-wheel center with a 
U -section rim. He is credited with the first effort af counter­
balancing'the weights on the crank pin of the Sandusky. -He 
substituted the link valve motion for the prevailing hookfub­
tion in 1839. 

By 1855 more than 40 separate plants were engaged in 
building locomotives. The major characteristics of American 
practice were so well established that from that' time on 
there was less difference in the products of the various plants 
than there were between successive locomotives of the same 
builder during the 1830's and early 40's. 

Since 1860 a great variety of wheel arrangements has been 
developed and there has been a steady increase in locomotive 
weights and capacities. At the outset the trend was toward 

By control of track switches and signal indications, the operator controls train movements without train orders 
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more tractive capacity at slow speeds and relatively little 
attention was paid to the development of sustained high 
tractive force at high speeds. Following World. War I, the 
demand for faster movement without sacrificing weight of 
train changed the trend toward increased horsepower ca­
pacity. This has led to four- and, in a few cases, six-wheel 
trailer trucks t� carry the additional boiler weight required. 

The use of double-expansion cylinders was inaugurated in 
1889. By 1900 compounding had reached its peak and rapidly 
receded. The economy effected was largely a reduction in 
condensation losses. With the advent of the superheater, 
condensation losses were practically eliminated in single­
expansion cylinders. 

SUPERHEAT-The practical development of the locomotive 
superheater in America began when the Locomotive Super­
heater Company was organized in 1910. It acquired several 

A three-hopper iron 
coal car equipped 
with Winan's four­
wheel trucks. Iron 

cars of two inter­
secting cylinders 

were first 
built for the B & 0 

about 1860 

American and foreign patents and proceeded with the engi­
neering development of the fire-tube superheater. A high 
percentage of all steam road locomotives are now equipped 
with superheaters which effect economies in fuel consump­
tion of about 25 percent and reduce water consumption by 
about 30 percent. 

A closed-type feedwater heater, the feature of which is 
a high rate of heat transfer, was patented by Luther B. 
Lovekin and made available for service in 1916. Two years 
later an open-type feed water heater was adapted from a 
marine heater by T. C. McBride. These have subsequently 
been supplemented by the exhaust-steam injector and few 
road locomotives in through service are now without some 
form of feedwater heating. From 10 to 13 percent of the heat 
in the fuel is reclaimed by the feedwater heater. About 12 
percent of the exhaust steam which is condensed by the 
heater passes into the tank or boiler and increases the ef­
fective capacity of the tender. 

With the development of the wide firebox and increasing 
grate areas the fireman began to limit the capacity of the 
steam locomotive about 1900. Grates much in excess of 45 
to 50 square feet in area were beyond the capacity of a 
single fireman. In 1909 an overfeed stoker was developed by 
Clement F. Street, and several other stokers came out at 
about that time. The Standard stoker, the type which is 
most widely used at present, was first installed in 1913. 

�tokers have been applied on locomotives with over 180 
square feet of grate area which are capable of delivering coal 
to the firebox at the rate of 20 tons an hour. 

In 1918 an appliance known as the Nicholson Thermic Sy­
phon was first installed in the firebox of a Chicago, Milwaukee 
& St. Pall) locomotive. This device replaces the arch tubes by 
which the sectional brick arch is supported and provides a 
thin triangular water space which opens through a long slot 
in the crown sheet (the sheet directly over the fire) and 
tapers down to a pipe-like connection to the throat sheet 
(front firebox sheet immediately below the boiler barrel) 
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just above the grate. This device stimulates a rapid backward 
circulation along the bottom of the boiler shell. It is credited 
with an increase in evaporation and has proved effective 
in preventing dangerous overheating of crown sheets under 
some low-water conditions. 

A circulator, several of which are placed transversely in 
the firebox, has since been developed for somewhat the same 
purpose. This device draws its water through the side sheets 
of the firebox and delivers water and steam through an 
opening in the center of the crown sheet. 

In 1918 an auxiliary steam engine was applied to the 
trailer of a Pacific type locomotive on the New York Central 
to increase traction at starting and slow speeds. This device, 
known as the Locomotive Booster, was patented by Howard 
L. Ingersoll, assistant to the president of the railroad. It 
drives the trailer axle and its controls are interlocked with 
the locomotive throttle. 

Large steel castings are characteristics of the modern steam 
locomotive. First was the water-bottom tender frame which 
comprises the entire tender underframe and the bottom of 
the water tank, to which the outside tank sheets are at­
tached either by riveting or welding. This was followed 
by the locomotive bed casting which incorporates in a single 
piece of cast steel the entire frame system of the locomotive 
from the front bumper to the rear end, including the steam 
chests, cylinders, and saddle on which the smokebox is 
supported. Harry M. Pflager, senior vice-president of the 
General Steel Castings Corporation, is credited with the 
development of these large and intricate castings. 

LUBRICATION-One of the great changes which has taken 
place in the steam locomotive during the last 25 years is the 
replacement of the long-spout oil can as a source of lubrica­
tion for most of the running gear and motion work. Today, 
the entire chassis is prOVIded either with force-feed oil 
lubrication, hard-grease lubrication, or Alemite lubrication, 
which will permit the locomotive to run between terminals 
without attention.. 

A factor in increasing the utilization of the steam loco­
motive and permitting relatively long runs without stops 
is the large tender. Twenty-five years ago fe'Y tenders 
were built with water capacities of more than 10,000 gallons 
and coal capacities of more than 15 tons. Today, locomotives 
are running with 25,000 gallons of water and 30 tons of coal. 
On one railroad where water is scooped en route the coal 
pit has a capacity of 43 tons. 

ELECTRIFICATION-The principal factors impelling the in­
stallation of heavy electric traction are: (1) Special operat­
�ng conditions, such as may be encountered on heavy grades, 
m tunnels, and in densely populated districts where smoke 
and gases from steam locomotives are a serious nuisance; 
(2) the need for more intensive road facilities where the 
saturation point is being reached on densely trafficked lines 
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under steam operation and -(3), associated with the other 
two, considerations of operating economy. 

The first heavy electric traCtion was used to operate 
trains through tunnels without the handicap of combustion 
gases from steam locomotives. Such applications were in 
the Mt. Royal tunnel of the Baltimore & Ohio (1895), the 
St. Clair tunnel of the Grand Trunk (now the Canadian 
National) (1908), and the Hoosic tunnel of the Boston & 
Maine (1911) . Later applications included the Michigan 
Central tunnel tinder the Detroit River and that of the 
Canad'ian National under Mount Royal at Montreal, Quebec. 

The electrification of the New York Central in connec­
tion with the Grand Central Terminal development went 
into service in 1906 and that of the New York, New Haven 
& Hartford a year later. 
, The Pennsylvania New York terminal development and 
the Long Island folloWed in 1910. Various mileages have 
since been electrified on the Butte, Anaconda & Pacific; 
the Chicago, Milwaukee, St. Paul & Pacific; the Norfolk 
& Western; the Virginian; the Staten Island lines of the 
Baltimore.& Ohio; the Illinois Gentral; the Great Northern; 
the Reading; the Delaware, Lackawanna & Western; and 
the New York Central West Side lines in New York City. 
With the completion of the Pemisylvania electrification from 
New York to Washington, D. C., and Harrisburg, Pennsyl­
vania, route mileage of electrified line now totals about 2300. 

INTERNAL COMBUSTION-In 1899 a gasoline-engine-driven 
coach was placed in trial service .on the Pennsylvania Rail­
road and the Cleveland, Cincinnati, Chicago & St. Louis 
Railway by the Jewett Car Company, Jewett, Ohio. In 
1904 the McKeen mechanical-transmission car was brought 
put and in 1905 a gas-electric system was developed by 
the General Electric Company. These lmgines operated at 
relatively slow crank-shaft speed and the engines and 
electric generators were heavy. 

In 1921 began an attempt to adapt the motor-truck chassis 
and engine with a gear-shift transmission for rail operation 
by fitting it with a light coach body. This was soon out­
grown by" the demand for larger and lnore powerful cars. 
By 1928 most of the cars built weighed from 100,000 to 
150,000 pounds, with power plants ranging from 250 to 
over 400 horsepower. 

In 1924 a Diesel-electric locomotive developing 300 horse­
power and weighing 60 tons was built by Ingersoll-Rand 
and General Electric. This locomotive demonstrated the 
practicability of a low-capacity power plant, the entire 
horsepower of which, via the electric transmission, can be 
developed at any speed of the locomotive for switching 
service. The first locomotive of this type entered regular 
service in 1925 on the Central Railroad of New Jersey. 

In 1928 a two-unit 2660 horsepower Diesel-electric loco­
motive was built fo1"' the Ganadian National by the Westing� 
house Electric & Manufacturing Company. This locomotive 
was designed for determining the utility of the Diesel in 
road' service. 

I 
The next important step in the adaptation of internal­

combustion power plants to railroad traction purposes came 
with the development of streamlined light-weight articu-
lated trains. Except for the first aluminum-alloy train for 
the Union Pacific, all these early trains, built for that rail­
way and the Chicago, Burlington & Quincy during and 
subsequent to 1934, were driven by Electro-Motive Diesel­
electric power plants. At the outset these were 'installed 
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at the front end of the head revenue car. But the -length 
and size of the power plant of each successive train in­
creased and it was not long before the power plant and 
auxiliary equipment fully occupied first one, then two, and 
finally three vehicles. Thus, the rail-motor-car power plant 
evolved into a full-fledged passenger locomotive. 

In 1941 the Electro-Motive Division of the General Motors 
Corporation built a four-cab 5400 horsepower freight loco­
motive for the Atchison, Topeka & Santa Fe Railway. These 
locomotives have since been installed on several other 
railroads. 

FREIGHT CARS-Ross Winans' first interest in railroads was 
as a market for horses. When he came, to Baltimore in 
1828, railway cars were carried on ,two axles, without springs, 
and the wheels still turned loosely on the' axles. He in­
terested himself in improving rolling stock to increase the 
hauling capacity of the horse. His first invention, in 1828, 

An early B & 0 four-wheel freight ear 

was to fix the wheels on the axle and to put bearings on 
the ends of the axle outside the wheels. By 1834 he had 
developed a freight car carried on two four-wheel trucks. 
It was not adopted rapidly; four-wheel cars were still being 
built in the 1880's. 

By 1832 the need of springs was apparent. The chief 
engineer of the Baltimore & Ohio wrote in his report of 
that year that "springs would be viewed as an indispensable 
appendage to all cars when steam shall be the power used 
in transit." 

Iron was used very early in the construction of car bodies. 
The Philadelphia & Reading ordered 1000 new iron coal 
cars to be delivered in 1846. Iron hopper cars, gondola cars, 
and box cars were being built for the Baltimore & Ohio in 
the early 1860's. 

In 1857 an eastern railroad is said to have had 30 box cars 
fitted with double sides, roofs, and floors, with the interven­
ing spaces packed with sawdust. This, so far as is known, 
was the first step in the evolution of the refrigerator' car. 

After 1900 steel rapidly superseded wood as the principal 
material of construction both of freight and passenger cars. 
Six flat cars were built by the Carnegie Steel Company in 
1894. Two years later the Keystone Bridge Company built 
two steel hopper cars of 100,000 pounds capacity each. 
These were placed in service on the Pittsburgh, Bessemer 
& Lake Erie, now the Bessemer & Lake Erie. 

During the past 25 years the wood cars of relatively weak 
construction have gradually disappeared and the railways 
entered World War II with an inventory of freight cars 
of adequate and relatively uniform strength. 

The use of high-tensile steels and light-weight metals 
as the materials of construction both for freight and pas-
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senger cars began in 1934. The materials used are stainless 
steel, low-alloy high-tensile steels, and strong alloys of 
aluminum. Both the stainless and high-tensile steels possess 
high-tensile qualities and resistance to corrosion which 
permit the development of sufficient strength with lighter 
metal sections. The saving of weight in the aluminum con­
struction results from the light weight of the metal which 
is used in relatively bulky sections. 

In 1934 and 1935, the Baltimore & Ohio Railroad built 
one experimental hopper car of stainless steel, one of 
aluminum alloy, and several of low-alloy high-tensile steel. 
Since then, some 50,000' freight cars of various types have 
been built of the low-alloy high-tensile steel. A few ad­
ditional cars of aluminum alloy have also been built. So 
far, however, stainless steel has been too expensive to be 
attractive for freight-car construction. 

PASSENGER CARS-Probably the most comfortable of the 
early coaches were those in which the old Concord stage 
bodies were adapted to the rail by the use of flanged wheels. 
Others were simple boxes, some of them mounted on the 
axles without springs and with the simplest of benches 
for the accommodation of passengers. Coaches built with 
platforms and end doors, some with essentially the same 
seating arrangement that has since become universal in 
American practice, were adopted at an early date by the 
Baltimore & Ohio, not, however, without strong opposition 

A modified form of the first (1863) block signal sys­
tem in America. The oil lamps were raised or lowered 

on the ground that the center . aisle would become one 
elongated spittoon. This type became 'Well established dur­
ing the 1840's. 

A spring draft gear, patented by P. Alverson, was in 
service in railway carriages on the Hartford & New Haven 
Railroad in 1839. Several types of patented four-wheel 
trucks appeared during the early 40's and before the end 
of that decade rubber springs were coming into use. 

The first use of iron for the complete construction of 
passenger-car bodies was made under a patent granted 
to Dr. Eo J. LaMothe in 1854. Several of these cars, designed 
to seat 60 persons, were built in a tin shop at Paterson, 
New Jersey. Its destruction by fire at the beginning of the 
Civil War put an end to the enterprise. 

Seats with reversible backs were in use during the 50's 
and this decade was marked by other significant improve­
ments in the comfort of travel. In 1852 a patent was granted 
to W. L. Boss for a reclining car seat. When the back of 
this seat was adjusted to the reclining position, a support 
for the feet and legs. of its occupant moved forward from 
under the seat. The back was fitted with a pillow or cushion 
for the head. 
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Sleeping-car service of a kind is said to have been in­
augurated on the Cumberland Valley Railroad between 
Harrisburg and Chambersburg in 1836. Seven· years later, 
on the New York & Erie, cars with seats placed back to 
back were in service in which berths could be made up 
at night by the use of the seat cushions. 

In 1858 George M. Pullman refitted two coaches for the 
Chicago & Alton with sleeping-car sections, a linen locker, 
and two washrooms. Following the incorporation of the 
Pullman Palace Car Company in 1867, the first "hotel car" 
was placed in service on the Great Western of Canada, 
now the Canadian National, and the development of dining­
car service had begun. 

STEEL FOR SAFETY-The railroads which first purchased 
steel coaches, shortly after 1900, made much of the increased 
safety afforded by this type of construction, because of its 
increased strength and stiffness in case of derailments or 
other accidents. The public thus came to associate safety 

An early air truck using metal and robber springs 

with steel construction, a fact which helped to hasten the 
retirement of wooden coaches. 

The wooden coach, near the peak of its development., 
weighed about 900 pounds per' passenger seat. Coaches of 
carbon-steel construction weighed from 1400 to 1700 pounds 
per passenger seat. Ultimately, it became evident that weig·ht 
alone was no assurance of adequate strength; that each 
pound added to a fast-moving structure, such as a pas­
senger car, carried the seeds of its own destruction in the 
form of the energy of its motion. 

The use of aluminum in passenger-car construction began 
in 1933 when the Pullman Company and the Pullman Car 
& Manufacturing Company jointly designed and built one 
sleeping car and one coach. 

In the following year stainless steel was applied in a high­
speed articulated motor traih built by the Edward G. Budd 
Manufacturing Company for the Chicago, Burlington & 
Quincy, and aluminum alloy in a similar train for the Union 
Pacific, built by the Pullman Car &. Manufacturing Com­
pany. Since that time a large number of light-weight. pas­
senger cars have been built in many of which the low-alloy 
high-tensile steels have been employed as the material of 
construction. Weight reductions approximate one third. 

AIR BRAKES-George Westinghouse's first patent covered a 
straight-air brake system.' This was issued in 1869. He 
was granted a patent on an automatic system in 1872. It 
took 15 years for the superiority of the automatic air brake 
to be clearly established. 

The system of differential pressure control of compressed 
air invented by Mr. Westinghouse has proved to be a re­
markably flexible medium. As cars increased in weight, and 
trains in length and speed, shocks caused by the running in 
and out of slack between cars became progressively more 
severe. Successive adaptations of the original operating 
principle have kept the brake abreast of the needs of the 
times in this respect. 

The next step in freight brakes will be the load-com­
pensating brake by which the present inequalities of retard­
ing force in relation to gross car weight will be ironed out. 
This is ready to meet the needs of faster freight trains of 
light-weight cars. 

Likewise, until the H.S.C. (high-speed control) passenger 
brake was brought out to meet the needs of the streamline 
trains for operation on schedules calling for running at top 
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speeds over 100 miles an hour, the all-pneumatic brake met 
the requirements. Because of the value of split seconds 
in stopping these fast trains, the new passenger brake 
incorporates electric control of application and release. 

COUPLERS AND DRAFT GEARS-Among the developments 
which have been of great significance in keeping rolling 
stock in step with the constantly growing needs of the 
service are automatic couplers and draft gears. The first 
standard form of coupler was the link and pin type which 
prevailed for many years. Because of the appalling num­
ber of casualties among trainmen from accidents in coupling 
cars, the Master Car Builders' Association took up the 
problem of developing some form of interchangeable cou­
pler. As a result, the Janney vertical plane type of coupler 
was developed in 1887 as the standard form for freight cars. 

Prior to this, the Miller hook type of coupler, ,more re­
cently in use on street cars, had been introduced and was 
used extensively on railway passenger cars. The Janney 
type rapidly superseded it in passenger ,service. At first 
standardized for interchangeability of cars alone, it has 
since been subjected to a vast amount of development work 
resulting in a complete standardization of details revised 
from time to time to meet the changing conditions of service. 

The draft gear, by which the buffing and pulling shocks 
on railway rolling stock are cushioned, long consisted of 
coil springs. The first patent for a friction draft gear in 
which the coil spring is supplemented by friction elements 
to dissipate a considerable portion <if the energy taken up 
by the gear was issued to George Westinghouse in October, 
1888. An early service installation of the Westinghouse 
device was made on Pennsylvania Railroad rolling stock in 
1896. It was not until after the turn of the century, how­
ever, that the friction gear began to make headway. 

Since 1934 all draft gears, before they may be offered 
in interchange, must have been certified by the Association 
of American Railroads as meeting specifications of limiting 
draft-gear characteristics worked out by the Association. 
This has brought uniformity of performance out of what 
for many years was 'an extremely chaotic situation. 

BOLLER BEARINGS-Development work on the adaptation of 
roller bearings' to the passenger-car truck began on the 
Chicago, Milwaukee, St. Paul & Pacific in 1924 and was 
participated in by Hyatt Roller Bearing Company, SKF 

Diesel-electric switching locomotive, 1925 

Industries, Inc., and Timken Roller Bearing Company. This 
railroad made its first installation in 1927 and the use of 
roller bearings on passenger cars developed rapidly there­
after. 

Most of the road steam locomotives built in recent years 
have been fitted with roller bearings on all axle journals­
a factor in increasing reliability and reducing machinery 
maintenance on steam locomotives. Acceptance of roller 
bearings on driving axle journals was hastened by a demon­
stration locomotive placed at the service of the railroads 
by Timken Roller Bearing Company in 1930. 

HEATING AND LIGHTING-The evolution of car heating and 
lighting has tremendously improved the comfort and safety 
of railway travel. By the early 80's the entire railway world 
had become aroused to the need of a safer method of heat­
ing passenger cars than by stoves. When wrecks occurred, 
fire from the stoves caused much loss of life which other­
wise would have been avoided. The heat distribution was 
also extremely unsatisfactory. Many schemes for improving 
both comfort and safety were being tried, among them the 

Rogers' Sandusky, 1837, from a model 
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(Another chapter ill the story, "Working Jor Victory 01/ the Santll Ft''') 

It's done witb 

* Centralized Traffic Control system board 
at Ful/erton, Calij0r11ia, control/ing al/ 
trai'l operations jor 61. miles oj track-one 
oj several such imtallatiom on the Santa Fe. 

How the CentraHzecl Trallic Control System is 
speeding shipments to Pacific ports along the Santa Fe 

You've seen a miniature railroad controlled by a 
central board. 

Here you see how traffic is controlled on an impor­
tant stretch of Santa Fe track in almost the same fashion. 

On Santa Fe's big Centralized Traffic Control boards, 
miles of track are laid out in miniature scale before the 
eyes of the operator. Lights show the lo.cation oLeach 
train. 

By simply turning a lever, the operator can signal an 
engineer miles away to take his train into a siding to 

SANTA FE SYSTEM 
Serving the Southweu and California 

dear the track for a train coming from the opposite 
direction. 

It eliminates the issuing of train orders, cuts down 
the detention of needed freight cars, and conserves 
manpower and engine power. 

It permits a greater use of track and switching facili­
ties, virtually adding another "mainline" to important 
pat:ts of the Santa Fe System. 

This efficient "e. T. e." system is just one more step 
Santa Fe is taking to move more vital war freightjaster. 

LINES 

ONE OF AMERICA'S RAILROADS-All UNITED FOR VICTORY 
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use of steam from the locomotive. By 1890 this method 
was clearly in the ascendancy. The development of the 
modern vapor system removed the final hazard from car 
heating, which arose from the use of steam under pressure 
within the cars. 

Air conditioning was first installed in a railway passenger­
train car by the Pullman Company. An ice-cooled sleeping 
car began regular operation between Chicago and Los An­
geles in September, 1929. This was followed in 1930 by in­
stallations in two dining cars, one each on the Baltimore & 
Ohio and the Atchison, Topeka & Santa Fe. The popularity 
of _these cars Was immediate and the spread of air condi­
tioning - was rapid. 

The change in ventiiation associated with the summer 
cooling aspect of air conditioning has done more to enhance 
the attractiveness of railway travel than the cooling itself. 
The universally used suction ventilation system drew great 
quantities of dust into the car around doors and windows. 
With the air-conditioning system, the direction of flow is 
reversed. The outward flow of the air thus seals all open­
ings against the entrance of outdoor dirt. 

The systems have also improved the quality of coach 
heating. Part of the heat is now transferred to the incom­
ing air before it enters the coach space and the regulation 
of the combination of floor heat and overhead heat by 
thermostatic control makes possible a much improved ad­
justment to the needs of varying weather conditions. 

The invention of the Pintsch .gas lamp in 1867 led to the 
first major improvement in car lighting. Oil was superseded 
by gas during the 70's, but the gas held. its place unchal­
lenged fOf 9nly a few years. In the early 80's began experi­
ments with the-application o£ electricity to car lighting, first 
with storage batteries and then with head-end power units. 
The Pen.-nsylvania, the Chicago, Milwaukee & St. Paul, and 
the Baltimore & Ohio were the pioneers in this develop· 
ment. The power required by the carbon-filament lamps, 
however, was too great to make the system attractive until 
after 1900, when improvements in the incandescent lamp 
reduced the demand on batteries and generators, bringing 
the weight of equipment within practicable limits. From 
then on the axle-driven generator system come into 
general use. 

Recent improvements in car lighting, notably the ap­
plication of fluorescent lamps, have added still further to 
efficiency. But the addition of other power-using facilities, 
the largest of . which is air conditioning, has stepped up the 
total auxiliary power demand on the modern de luxe pas­
senger car. Where four-kilowatt lighting generators once 
were adequate, 20 ' kilowatt generators are now in use. 

Some of these are driven from the car axle. Others are 

being driven independently by propane-gas engines mounted 
underneath the cars. 

THE. OUTLOOK-The physical plant of the railroad has by no 
means attained its ultimate form. Among the changes in 
track now under trial are welded rails extending several 
thousand feet without a joint. Further modifications of rail 
section are also under consideration. 

To supplement roadside telephone, telegraph, and signals, 
wireless communication between the head and rear end of 
moving trains -and between the moving train and the road­
side is under development. 

New types of motive power, under discussion for some 

Burlington Route photograph 

In 1860 the first railway mail car was placed in service 

time, include thQ steam turbine locomotive, one of which 
has been built for -the Pennsylvania Railroad, and the gas­
turbine locomotive. The early trials of poppet valves prom­
ise significant improvement in capacity and steam economy 
of conventional -steam locomotives. More than one · railroad 
is anxiously awaiting the opportunity to build all-welded 
locomotive boilers as soon as war-time restrictions will permit. 
Roller bearings on the crank pins and in the crossheads 
of steam locomotives have made a good start. War-time 
metallurgical advances promise new materials for locomotive 
boilers, as well as for forged parts. 

The car truck, both passenger and freight, is in for a 
considerable overhauling in the interests of better riding at 
higher s�eds. In passenger service the tightlock coupler 
is gaining ground and may, in time, replace the present 
free vertical plane type. 

Compressed air brakes for regular service were fint installed by .George Westinghouse on this locomotive 
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ENGINEERING Conducted by EDWIN LAIRD CADY 

WeDthe·r-Prool RevolutioD 

Oar Armed Forces Needed Comaiaers That Coald Withstand Immersion in 

Sail Water and Pass Unscathed Throagh the Boagh-and-Tamble 01 Batlle. 

To Meet This Need the Indastry Pooled its Knowledge and Trade Secrets. 

The New Weather-Prool Packaging Will Rave Many Uses Alter the War 

THERE IS a revolution coming in the 
packaging and shipping methods 

of thousands of products which travel 
via railroads, steamships, trucks, and 
airplanes. The change will come be­
cause fiber-board containers-both 
solid and corrugated types-do not have 
to be kept perfectly dry any more. 
The V -Board weather-proof fiber­
board container has solved the damp­
ness problem, and in a gre�t big way. 

Right now, nobody knows more than 
a tiny fraction of what the _possibili­
ties of this container are. It was devel­
oped for the emergencies of tossing 
cartons of war goods into the surf while 
landing operations were going on under 
fire, and for stacking goods 'out ·in the 
open on tropical islands for weeks and 
weeks where the rainfall is more than 
ten feet a year. And the armed forces 
are taking as much of this packaging 
material as can be made. 

But shippers and container makers, 
looking ahead, see the reduction or 
elimination of troubles which have 
be-deviled them for years. To under­
stand what they see, it is necessary to 
10,ok back at the brief history of the 
V-Board. 

The layman sees fiber-board con­
tainers in every grocery store, and 
they all look alike to him. There is, 
however, many a secret kink and quirk 
to the making of them, mahy a formula 
which is kept locked away in a good 
strong ,safe. And these ,secrets are not 
the simple bits of lore with which a 
watchmaker might manipulate tiny 
metal parts; they are the kinds which 
apply to huge and slow moving ma­
chines, vast tonnages of raw materials, 
enormous investments of working capi­
tal. 

For 30 years every large maker of 
containers tried to solve the weather 
resis·tance problem. Naturally, each ap­
plied all his secret methods and every 
bit of knowledge he could gain from 
the ou�sidE' The stakes were huge. 
Getting the right answer would have 
given leadership of thi! industry to any 
company. But no one hit the jack pot. 

POOLING XN.OWLEDG&-When war 
needs demanded a weather-proof con­
tainer, these manufacturers got to­
gether to exchange information. They 

were willing, to lay all their fac.ts on 
a 'common table and to pool their 
patents. And the facts proved to be 
enough. A fiber container could .be 
made which would not be destroyed 
by 24 hours of immersion. 

,First came the solid fiber box. Here 
the hard problem was to seal the edges 
of the. board_ Plastics licked that one. 

The corrugated box was -harder. At 
every area where the corrugated inner 
sheet touches the outer or inner wall, 
glue must be applied The manufac­
turers ha9, to find a glue which would 
continue to hold although the' spaces 
between the corrugations were filled 
with water and kept that way for 24 
hours. By co-operative action they 
found one. 

Production got under way, and 
everything looked good. But there was 
trouble to be expected. It would come 
from those secret methods. The kinks 
and quirks in use in one plant were 
bound to turn out more successful 
weather-proof containers than ,those 
in another, and nobody could guess 
which plant would be the winner. 

omelal u. S. Navy PhotogT8ph 

The industry decided to head that 
one off. Each plant listed the types 'of 
equipment it intended to use, the sizes, 
operating speeds, inspection methods­
everything that would let one plant 
know what Was going on in another. 
All this was gathered into a book and 
given to the production executives. 
Now any plant which was having 
trouble could look up and see what 
its competitors were doing. 

The product of the whole industry 
had to come up to the standard set by' 
the military men. There was only one 
sensible procedure to, take. An indus­
try-wide inspecting system was set up. 
Under this, each manufacturer sent 
three sample boxes from each order 
filled-and if the order was larger than 
one carload, then three from each. car� 
load-to a single testing laboratory 
which served the entire industry. 

ABILITY WAS SHARED-The laboratory, 
in turn, made a monthly tabulated re­
port to the entire industry. Each factorY 
making shipments during that month 
was identified by a number-a large 

In war. the ten.thousand-and·one items needed by our armed forces must be pack­
aqed to stand rouqh handlinq and outdoor storaqe. as this picture makes clear 
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company like Robert Gair might have, 
several plants represented and each 
of these would have a different num­
ber, these being scattered through the 
list and not grouped. 

Here the presence of those secret 
processes began making itself apparent. 
Some plants were -making very. good 
records, in that nearly all their samples 
Were well above standard, while others 
were not doing so well. 

Meetings to discuss these reports 
were turned into open forums in which 
the manufacturers who had the worst 
records diScussed their troubles. Very 
quickly it became clear that many of 
these problems could not be solved 
by talk and by reports alone. The per­
sonal touch would be needed. 

Right here the industry took the step 
which promises most for the future 
of the weather-proof container. It made 
arrangements for men from the suc-· 
cessful plants to visit the unsuccessful 
ones and give personal explanations .of 
how to make those small changes iri 
methods which can make such big 
differences in results. Secret kinks and 
quirks, in short, were being taken from 
plant to plant, and by the very men 
who knew best how to use them. The 
Industry at last was making an all-out, 
all-coordinated attack on this decades­
old problem. And so successful .was 
this method that failures have been 
reduced almost to the vanishing point. 

Development did not stop there, 
since many high-powered outfits were 
interested in the weather-proof con­
tainer. Big companies like ,American 
Cyanamid and DuPont and National 
Adhesives were making chemicals for 
it, lllld wanted this business to grow. 

And .there were further possibilities. 
Full water-resistant protection of the 
contents of the containers was one 
of them. The container, as originally 
developed, is weather-proof only in 
that it will not disintegrate like an 
old-fashioned fiber-board container 
when wet. Water can leak in and get 
at the contents unless these in turn 
are protected by being wrapped in 
heat-sealed bags or by other means. 

THE MARINES TAKE OVER-The United 
States Marine Corps were doing some 
testing' on their own. They developed 
a plastics-backed adhesive tape. Sealed 
with this, the weather-proof· containers 
were put on warehouse ro<,lfs in Phila­
delphia and left there through eight 
months of snow, rain, freezing cold, 
and broiling sun. The' contents re­
mained perfectly dry. 

Wanting to give them a real work­
out, the Marines then soaked these tape­
sealed containers in hot salt water at 
125 degrees, Fahrenheit. And still the 
contents remained dry. . 

Then the leathernecks got rough. 
They:IDIed 12 of the containers,tied 
them together with a steel cable,and 
towed them ten miles down Delaware 
Bay behind a speed-boat. The contents 
stayed dry and undamaged, and the 
Marines decided that they had a con­
tainer. 

The Army used a' slower method. 
Experts were sent all over the world, 
everywhere that war goods were being 
delivered. They took colored motion 
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pictures of containers in action. Sig­
nificant bits of these. were shown to 
the container makers. They showed 
containers being lowered in slings dur­
ing rain storms, coming ashore on land­
ing craft, being dredged up several 
days after having been tossed into the 
surf, riding over jungle trails after 
having stood for weeks in tropic rain 
and sun, 

Never in the history of the container 
business has such a flood of information 
poured in from so many sources. 
From inside the industry, fl'om sup· 
pliers of chemicals and materials, and 
from experience records all over the 
world, the . container makers are learn­
ing what they can do and what they 
must do. The experience of decades 
is being crowded into weeks. And it 
is being shared by the whole industry. 
The battle for future business is wide 
open and every container maker has 
an equal chance. 

WEAnlER·PROOFING COSTS MORE­
Not everything in prospect for the 
weather-proof container is bright. The 

cost may be a stumbling block. In ordi­
nary times an average sized container 
uses 10 square feet of fiber-board. If 
the average cost is taken at a nominal 
$7 a thousand square feet, that means 
seven cents for the container. The best 
grade weather-proof container may 
easily cost five times that, or 35 cents. 
Used in carload lots, with 7000 to 8000 
filled containers in a carload, tIUs would 
make a big difference to the. shipper. 

Against this" .there are initigations. 
One of these is superior strength in 
the same weiglit. The weather-proof 
container is more than twice as strong 
Il,.S the ordinary one of the same ,vade. 
:ill many cases the shipper cotIld cut 
PhP9unds from the weight of each 
average sized container. That would 
mean 12,0000 pounds eliminated from 
many a carload. Important as this is 
to rail shippers, it will mean a lot 
more to trucks, most of all to airplanes. 
Incidentally, cutting the weight of the 

container in half will halve the cost 
disadvantage against it. 
Packaging s�ctures will be helped 

Many a package is a study in civil 
engineering, with the contents them­
selves bracing the box and all sorts 
of members added to distribute the 
stresses. Put twice the strength in the 
outer shell and many a bothersome bit 
can come out of the inside. This will 
reduce the overall costs and sometimes 
may make the weather-proof package 
the cheaper one. 

Stiffness is important. At all ordi­
nary relative humidities, the weather­
proof container' is a good 4 percent 
stiffer than the ordinary one, and this 
means superior ability of filled con­
tainers to stand up under handling by 
lift trucks or when piled in high tiers. 
But there is more to it than that. 

Ordinary containers lose stiffness 
quite rapidly as the relative humidities 
of the atmosphere about them increase. 
It is not wise to store them in such 
damp places � ordinary refrigerators. 
But the weather-proof container loses 
stiffness only slightly and very slowly 

In order to subject V-boxes 
to the rouqh treatment and 
strain they would receive 
in actual use, this massive 
IumbUnq drum was desiqned 
and builL In ii, Ie \ed car· 
tons receive more strenuous 
hemdlinq than they: 'll'iould in 
use on the world's war-ironia 

Courtesy Container 
Testing Laboratory 

under damp conditions. Filled or qn­
filled, it can be stored in refrigerators 
arid in buildings which are much tqo 
high in relative humidity for the ordi­
nary ones. 

EXPANDING DEMAND EXPECTED-In 
fact, this retention of strength and stiff­
ness when they are damp is opening to 
the weather-proof container fields 
previously Closed to the fiber-:-board 
container induStry. Packaging of freSh 
meats and of fresh fruits. and ve�e­
tables are examples. Right now,' Hve 
lobsters are being shipped from the 
seacoast to interior points in weather­
proof containers carried by airplanes. 
Farmers can take the weather-proof 
containers right out into the open fields, 
pack and seal them full. of damp pro:­
duce, and have that produce reach the 
market before the' dew upon it dries. 
This opportunity alone can cause the 
weather-proof container to double the 
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This Newest Locomotive 

is Powered Like a Battleship 

LONG AGO successfully developed by Westinghouse for 
ocean vessels, the steam turbine has now been harnessed 
as a brand new type of smooth, efficient motive power for 
modern railroad locomotives. 

THE POWER-PACKED locomotive turbine is a descen.!lant 
of giant Westinghouse turbines which generate much of 
the electrIcity used today. The great expansion of electric 
power began .with these turbines. 

THE RAll.ROADS are developing a dazzling new kind 
of transportation for the future. The latest and most 
dramatic improvement is steam turbine power, which gives 
the Iron Horse "new lungs." 

To help produce this new locomotive, the Pennllyl­
vania Railroad, a long-time pioneer in transportation 
improvement� turned to Westinghouse and the Bald­
win Locomotive Works. Working as a team, these com­
Panies have produced this latest in a great line of 

THE WESTINGHOUSE steam turbine in the Pennsylvania 
Railroad's new direct-drive locomotive is no bigger than 
a household electric refrigerator-yet it will haul long 
passenger trains with ease. 

THE VEL VETYFLOW of power from this 6,900 horsepower 
steam turbine locomotive will make trains run with extra 
smoothness and is a major contribution to finer trans­
portation for the future. 

steam locomotives-descended from "Old Ironsides," 
built by Matthias Baldwin in 1832. Westinghouse Electric 

& Manu/acturing Company, Pittsburgh 30, Pennsylvania. 

Westinghouse presents: JOHN CHARLES THOMAS-Sunclay 2:30 pm, EWT, NBC 
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pre-war sales of the industry and open 
wide new fields of demand. 

Fire damage can be reduced. Any­
body who has seen a stack of ordinary 
cartons turned to a pile of mush by 
water, with cans or other contents 
scattered all through it, knows why 
hose and sprinkler damage is so often 

Courtesy Modern Packaging 

Vital medical supplies for our armed 
forces are packaqed in V-Board boxes 

a separate item on fire insurance poli­
cies and the biggest single factor in 
fire damage. The weather-proof car'­
tons will burn in the flame but they 
will not dissolve in the water. 

Use by exporters will be heavy. Our 

MAGNESIUM FIRES 
Can be Controlled 
By Sprinkler Systems 

• • 

F IRES in plants where magnesium is 
machined are dangerous because molten 
magnesium has the ability to take oxy­
gen from water and thus perpetuate its 
own combustion. 

This hazard has caused many factor­
ies to avoid all use of magnesium, while' 
others, as we have noted before, went 
so far as to specify the kinds of under­
wear girl operatives might wear, lest 
a frictional . spark from silk panties 
should reach the machinery and cause 
the magnesium to ignite. 

Recently concluded tests, made joint­
ly by the National Board of FIre Un­
derwriters and the Factory Insurance 
Association, have shown that magne­
sium fires can be controlled by sprink­
lers. 

The drops of water from the sprink­
lers, striking the fire, do cause small 
explosions during which bits of molten 
magnesium fly through the air. But 
these bits are so small and they cool 
so rapidly that they will not ignite 
other piles of magnesium chips which 
are only a few feet distant from the 
fire. And when enough drops of water 
have struck the fire it is cooled to the 
point where it ceases to burn. 

Molten magnesium flowing into, or 
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armed forces are making the weather­
proof container known all over the 
world. Protection of the contents will 
be important enough in this field, but 
doubled strength (or the same strength 
with less weight) will have high val­
ue, too. Many an exported box has to 
be carried inland over the roughest of 
truck trails, or by airplane to jungle 
landing fields, or even on the heads 
of native carriers. 

Ability to re-use the container after 
it is emptied is a major factor in ex­
porting. The extreme strength and 
durability of the weather-proof con­
tainer will be a foreign sales asset to 
any goods packed in it. Right now our 
soldiers are using these' containers as 
roofs over their fox holes and for 
many another weather-resisting job. 
But in peace-time those who get these 
containers abroad may use them to 
package other goods, per haps for ship­
ment back to' us. 

The whole story is not known yet. 
Container makers keep on finding out 
how to reduce production costs, add 
new qualities, figure out new grades 
with varying degrees of weather re­
sistance. Not all peace-time packages 
will need to withstand 24 hours im­
mersion in sea water; there is room for 
varying degrees of weather proofness 
at varying prices. 

But two things are sure. A problem 
which has been studied for 30 years 
has been solved by co-operation of a 
depth and intensity seldom found in 
any industry. The resulting weather­
Proof container is going to solve many 
a tough problem for post-war shippers. 

being struck by, solid bodies of water, 
such as might come from hose streams 
or be lying on the floor as a result of 
hose streams, is quite another matter. 
In this case" the magnesium fire will 
give off enough hot gases and steam to 
damage or destroy any ordinary build-
ing. ,. 

Control by sprinklers, then, must 
bring the sprinklers into action at the 
earliest practicable minute and must 
not provide sOlid bodies of water into 
which' the molten magnesium will flow. 
But, with careful lay '-out and safe­
guards, the sprinkler system will re­
duce the magnesium fire hazard to the 
toleration point for far more machine 
shops than was believed practicable a 
year ago. 

SET AND SHRINK 
Plastics Parts Used 
In Assemblies 

RIVETS, grommets, dowels, and pins 
made of thermosetting plastics are com­
ing into ever widening use as parts 
assemblers gain greater experience with 
them. 

The basic technique of applying these 
parts usually includes the application 
of heat to fit them into the spaces they 
are to occupy, then permitting them 
to cool. Under heat, assisted by pres­
sure, the plastics parts flow until they 

are upset, enlarged, split, bent, or other­
wise formed to hold the pieces they 
are to join. Then, when the heat is 
removed, the plastics parts not only set 
themselves permanently to the shapes 
into which they have been formed, but 
also shrink and thus tighten the joints. 

Enough heat for the flowing and set­
ting often may he had from the fric­
tion of spinning rivet heads, spinning 
grommet ends, or expanding sleeves by 
the use of friction tools. Other parts 
are expanded by compressed air and, 
instead of cooling the air in an after­
cooler or inter-cooler attached to the 
compressor, the air is allowed to retain 
its heat of compression, this being suf­
ficient to set the plastic. 

Applying heat in the process of 
squeezing rivets is, of ·course, a com­
mon operation which presents no 
problems. 

Not the least of the advantages of 
these fasteners is that their shrinking 
action tends to increase the strength of 
the thin materials which they join by 
pre-stressing those materials. 

SHEAVES 
Have Plastics Faces 
To Reduce Wear 

WIRE rope men long have known that 
the damage done to the rope at the 
sheave may be the greatest source of 
rope failure. 

In large airplanes the cables are run 
over sheaves which have contact faces 
made of, Formica. This resilient plastic 
offers a gentle, cushioning surface to 
the rope, ,which tends to reduce inner 
friction between the wire strands and 
to prevent wear. Furthermore, the re­
silient surface has no filing or abrasive 
aCtion upon the strands of the rope. 

Every sheave is mounted on anti-fric­
tion bearings which have the lubricant 

� 
Resilient plastic facinq on sheaves 
saves wire rope in many industries 

so retained that they will withstand 
years ·of service without additional lu­
brication. This minimizes the running 
friction of the sheave and therefore 
the frictional resistance to the move­
ments of the rope. 

Sheaves of this type will find many 
post-war applications, especially where 
small-diameter wire ropes are used as 
linkage for remote controls. 
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PLASTICS Conducted by CHARLE S A. BRE SKIN 

Ploslics Days Ahead 

MODERNIZATION • • . renovation . . . 
reb�lding-words to bring tears 

to the eyes, of hard-pressed railroad 
men. In lliis war of "movement," do­
mestic rail transportation systems have 
had to bear a huge burden of bring­
ing raw materials to production plants, 
moving finished and semi-finished 
products to points of trans-shipment, 
transporting troops, moving war 
workers to and from their jobs and, 
at one and the same time, keeping 
civilian economy and morale at a high 
level. 

' 

With production at an all-time high, 
facilities lliat would normally be called 
upon to relieve the railroads have 
been drastically curtailed or entirely 
suspended for the duration. Thus lliere 
is today no commercial transportation 
by water between our two coasts. 
Shortages of tires, gasoline, and new 
aut0mobiles--with the 35 mile an hour 
speed limit thrown in to slow lliings 
down still further-have combined to 
reduce the amount of freight and the 
number' of passengers that can- be 
moved by truck and private car. 

Swamped willi business as a result 
of these losses in total transportation 
capacity, railroads felt the pinch from 
yet another side; The demands of 'war 
left little material and even fewer 
facilities that could be devoted to the 
construction of new transportation 
equipment. Thus' railroad officials have 
been forced to put back into service 
freight and passenger cars they had 
long marked 'off as useless, leaving 
dreams and plans for modernization, 
renovation, and rebuilding for the 
days after peace returns. 

But it is with these dreams and plans 
of railroad men lliat plastics is most 
concerned. For a few years before 
the war, travelers were given a brief 

Railroad Modernization Will Oller Many Diverse Applicalions 01 Plaslics, 

Some 01 Which Have Already been Proved in Praclice. Lighling Fixlures, 

Upholslery and Drapery Fabrics, Siruciural Paris, and Eleclrical Insula­

lion are a Few ol lhe Possible Uses oUhese Versatile Malerials 

but intriguing _glimpse of a new trend 
in railroad car design based on the 
premise lliat rail travel can be made 
a comfortable and pleasant experience. 
It is to be expected that these improve­
ments-many of which depend for llieir 
success upon llie use of various plas­
tics materials-will' be furllier refined 
when the country returns to peace­
time economy and will find acceptance 
in a large proportion of our future rail 
cars. 

BETTER CAR LIGHTING-An important 
factor contributing to llie luxurious 
atmosphere in the last passenger cars 
to be put into pre-war service was 
proper lighting. Ligh\ing fixtures were 
designed to provide adequate illumina­
tion for comfortable eye-saving reading 
and to fit into the interior decorations. 
However, in addition to the usual prob­
lems of the lighting engineer-candle­
power, shadows, glare-railroad lighting 
installations must meet certain special 
requirements; 

�low: acrylic resin with appliqued 
strips 01 sheet metal is used in 
this liqhtinq fixture lor passenqer 
cars. The resilience 01 the plastics 
holds the fixture snuqly in place 

Riqht: In this picture. metal applique 
has been removed to show how the 
acrylic sheet has been turned alonq , 
the edqe so as to snap into qrooves 

Courtesy Safety Car Heating & Lighting Co. 

They must, above all, be rugged and 
dependable so lliat valuable rolling 
stock will not be tied up for repeated 
repairs, and must have a life as long 
as that expected of the car itself. In 
addition, the fixtures must be simple 
and accessible-permitting quick and 
easy cleaning and maintenance-as well 
as economical and efficient. Finally, 
railroad lighting must meet such other 
requirements as lightness, ease 'of in­
stallation, safety, and freedom from 
rattling and other annoying noises. 

Faced with lliese requirements, the 
Safety Car Heating and Lighting Com­
pany started working with plastics 
shades, finally adopting white trans­
lucent Plexiglas for llieir railroad 
lighting fixtures. The company found 
this material to be tough and capable 
of withstanding hard blows and llie 
flexing caused by the weaving motion 
of the car. It was light in weight, shat­
ter-proof and rattle-proof, and it had 
proved the permanence of its optical 
properties and its freedom from di-

mensional changes in the aircraft field. 
The only possible disadvantage-the 
fact that it might soften and deform if 
the temperature of llie fixture ex­
ceeded 160 degrees, Fahrenheit-was 
circumvented by the use of fluorescent 
lamps. 

An ingeniously simple method of 
mounting, developed by this company, 
depends for its success on the flexibility 
of the acrylic resin. The shades are 
formed to the desired shape, willi a 
slight outward flange along llie edges. 
The piece can be flexed so that the 
shade may be snapped into two parallel 
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channels. This installation, which per­
mits quick and easy removal of the 
shields, has proved extremely versa­
tile. 

For long troughs running the length 
of the car, 24- to 48-inch lengths of 
shade have been used,. separated by 
rigid reinforcing spacers molded from 
white translucent acrylic resin. Modi­
fications include troughs which zig-zag 
back and forth across the ceiling of the 
car and those which run intermittently 
along the car ceiling, valence, or side 
wall. 

Developments in home lighting dur­
ing the past year may well have an 
influence on railroad light fixtures in 
the post-war period. Finding that a 
considerable portion of the public look 
upon fluorescent fixtures as cold and 
unsympathetic, Morris Sanders, an in­
dustrial designer, has developed several 
lighting fixtures composed of tough 
ex.truded Lumarith strips interlaced, 
crnnped, and pleated to form an infinite 
variety of interesting and distinctive 
designs. For example, one fixture uses 
extruded plastics strips in the form 
of louvers, held in place by metal rods 
which are covered with plastic tubing 
to render them almost invisible. In an­
other design, a corrugated sheet of cellu­
lose acetate, 3/32-inch or less in thick­
ness, rests on glass rods slipped through 
molded acetate rings. 

UPHOLSTERY FABRICS-During the past 
few months, subway riders and com­
muters to and from some of our larger 
cities have been playing guinea pig in 
tests to determine the wearing qualities 
of various synthetic and coated fabrics. 
These riders plucked and pushed at 
the brightly colored seat covers, anxious 
to learn for themselves just how these 
synthetic textiles feel and wear. 

Designs for the interiors o"f tavern 
lounge cars, parlor cars, observation 
lounge cars, and dining cars, as de­
veloped by Edward G. Budd Manufac­
turing Company, indicate that syn­
thetic textiles will have wide applica-

Filted between the wheels 
and axles. of this handcar. 
sleeves molded of phenollc 
prevent it from acUvatlnq 
the electric siqnal system 

Courtesy . Monsanto Ohem1cal 
Oompany 

tion on our nation's railroads when 
new and redesigned cars can be pro­
duced once more. Interiors thus far 

. worked out by this company suggest 
the use of these materials as window 
drapes as well as. for coverings on 'din­
ing chairs, divans, and club chairs. 

STRUCTURAL PLASTICS-During the past 
year or so, the use of plastics as struc­
tural materials has aroused intense in­
terest and active speculation among 
engineers and builders as well as among 
the members of the plastics industry 
itself. In England this development is 
being given its first railroading tests by 
the Southern Railway Company. This 
railroad has put into service the first 
of 10 luggage vans--the baggage cars 
of the United States--wnose sides, ends, 
and roof are built of reinforced lami� 
nated plastics panels. 

The panels of these railroad vans are 
given increased strength by the use of 
steel wires and cotton, interwoven on 
a power loom. This construction, in 
which, for example, 24 high-tensile 
steel wires and cotton threads to the 
inch are woven in both the warp and 
the weft, has made it possible for Re­
inforced Plastics Inc. to overcome one 
of the principal drawbacks to most 

laminates--their brittleness. The ma­
terial--woven so as to be interlocking 
--can be varied to meet requirements 
by the selection and arrangement of 
the steel wires. 

Plexiqlas shades used on ziqzaq ceillnq llqhts in a 10UDq. car 

Although this steel-cotton material 
is very strong, it lacks. the stiffness 
needed for rolling stock work when 
used alone. Consequently, after being 
taken from the loom, the fabric is 
passed through an impregnating ma­
chine where it absorbs sufficient 
phenolic resin to achieve the necessary 
rigidity. From the bath the material 
is removed to the drying oven, then 
to the cutter where it is divided into 
sheets .of the desired size. At this stage 
in the process the reinforced material 
is placed in a press between sheets of 
ordinary impregnated material and 
subjected for about 75 minutes to a 
pressure of approximately one ton to 
the square inch. 

Tests carried out on this material 
show it to have an ultimate tensile 
strength, both longitudinally and trans­
versely, of over 24,000 pounds per 
square inch, and a bolt hole tensile 
of 21,900 pounds per square inch. The 
comparatively light weight of the fabric 
is evidenced by a specific gravity for 
one-ply steel wire-cotton embedded 
in laminated paper or fabric of 1.65 
as against 7.83 for steel. Another ad­
vantage of this laminate is a high im­
pact strength. 

In the case of the first e·xperimental 
luggage van, these characteristics of the 
reinforced material have meant a 
lighter car with greater cubic capacity. 
Compared with a steel panelled lug­
gage van, the· test car using the new 
laminate for its sides, ends, and roof 
affords a net reduction in tare weight 
of 5600 pounds. But at the same time 
this new van has a capacity of 1848 
cubic feet as compared with 1808 cubic 
feet for the standard model. 

With the adoption of this reinforced 
plastics laminate in the panelling of 
the luggage van went a thorough re­
design of the entire car. It was thought 
advisable, in view of. the characteristics 
of the material, to rebuild the carriage 
of the van completely in a way' that 
would protect the body from shock. 
The most convenient method of accom­
plishing this was to separate the body 
from the main frame of the van and 
introduce a spring cushioning device 
which would allow the body to move 
longitudinally a few inches and then 
return to its normal position. With the 
body thns cushioned and protected from 
buffing or draw stresses, it could be 
considerably lightened without danger 
to baggage. 

FREIGHT CARS-In the United States, 
the Great Northern Railway Company 
is in the process of constructing, of 
plywood and light-weight metals, 1000 
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MOLDING COMPOUNDS 

HOW TO GET A COOL GR IP ON A 

HOT ITEM 

Perhaps the handle on your. family iron is molded of a 
Durez phenolic plastic.· If so, there'll be no burned fingers 
from this handle because the heat resistant Durez.phenolic 
does not conduct the heat of the iron. Also notice the 
smooth glossy finish. Feel the pleasing touch. These, too, 
are permanent f eatures. Heat resistance is one of many 
outstanding properties of Du!ez phenolic molding com­
pounds. ·Others are dielectric strength, diversity of finishes, 
excellent moldability, and resistance to moisture, tempera­
ture extremes, acids and alkalies. There are more than 300 
Durez compounds contributing towards the furtherance of 
the war effort on a scope that is practically all-embracing. 
The unusual versatility which Durez phenolics are demon­
strating today, reflects the wide usage of these com­
pounds in manufacturing the many new items f or post­
victory markets. 

MOLDING COMPOUNDS 

INDUSTRIAL RESINS 

OIL SOLUBLE RESINS 

INDUSTRIAL RESINS 

"ROP ING" NEW M ARKET S 

Co-Ro"Lite-a combination of rope fibre and Durez 
phenolic resin - i s  an ingenious development of the 
Columbian Rope Company. This remarkable material 
offers two important advantages to the manufacturer. 
First is the high impact strength gained from the inter­
laced network of wiry rope fibres impregnated with tough 
Durez phenolic resin. Second is the speed and .ease with 
which Co-Ro-Lite can be molded into compound curves. 
Wartime proven, Co-Ro:Lite promises to be the selection 
of many postwar manufacturers. 

OIL SOLUBLE RESINS 

P ARTY DR E S S  FOR D A ILY WEAR 

Durez 220, a new type phenolic resin, is now being used 
with amazing success in bread wrapper and similar type 
printing. This remarkable resin, added to· ink, brings about 
the most instantaneous set under heat. One of the several 
outstanding Dur.ez phenolic resins, 220 is another example 
of the continuing progress Of Durez technicians in devel­
oping resins that are leaders in their respective fields. 

In developing their imaginative ideas, 
scientists the country over have come 
to rely on the versatility of phenolic 
plastics. For these most-versatile-of-all 
plastics offer a wide selection of prop­
erties from which· to select.a plastic 
that precisely fits the job. During the 
past quarter century, Durez has been 
specializing in the production of phe-

nolic plastics from molding compounds 
through industrial resins to the oil sol­
uble resins. Through active participa­
tion in successful product development 
on a scope that includes practically all 
fields of industry, Durez technicians 
have acquired a rich background and 

a wealth of data. The complete co­
operation of the Durez orgahization 
is assured to those who are interested 
in developing practical industrial prod­
ucts. Durez Plastics & Chemicals, Inc., 
523 Walck Road, N. Tonawanda, N. Y. 
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standard freight cars, 40 feet in length, 
and weighing approximately 50 tons. 
While the cost of producing these cars 
is almost the same as for conventional 
box cars, a saving in weight of two 
tons is effected. The phenolic resin ad­
hesives used in the manufacture of the 
exterior-type plywood is set under 
pressures of from 175 to 200 pounds 
per square inch, a� temperatures that 
range from 260 and 285 degrees, Fah­
renheit. In the case of most standard 
panels, the press time is 51h to 8th 
minutes. 

Used for both the inside and outside 
of these box cars, the panels are riveted 
at horizontal points to lumber stiffen­
ers. The thin metal strips that cover the 
vertical joints between the outside 
panels are bolted through to the lum­
ber studding. On the interior walls the 
panels are installed horizontally, with 
thinner panels employed for the ceil­
ing. 

Even further down the scale in rail­
roading, plastics find their uses. In 
many railway motor cars produced by 
Fairmont Railway Motors, Inc., molded 
Resinox parts serve as a medium of 
electrical insulation between wheels 
and axles. On most railroads, signal 
systems are tripped when an electrical 

PLASTICS PUMPS 
Aid War-Time Safety, Pave 
Way for Peace-Time Uses 

T HE HAND-OPERATED pumps which are 
standard equipment on Army and Navy 
life rafts for use in case of failure or 
loss of the cylinder of C02 gas nor­
mally used to inflate these rubber boats, 
should have many peace-time func­
tions. 

Emerqency hand pumps for infiatlnq 
We rafts make qood use of plastics 
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contact is made between the two rails 
of 'a track. Maintenance cars, however, 
are intended to be manhandled off the 
track when a train approaches and 
should at no time activate the signal 
system. They must, therefore, be in­
sulated to prevent contact between the 
rails; and the best place to provide 
such insulation is between the wheel 
moUnting and the axle. 

Since wheels on lighter hand.,cars 
ar,e pressed on the axle and held there 
by a threaded nut, the desired insula­
tion is provided by a phenolic sleeve, 
molded by Northwest Plastics Inc., 
which fits between the wheel hub and 
the axle. In heavier cars, however, the 
wheels are each bolted by eight bolts 
to a flange on the bearing. To provide 
insulation in this instance, a matching 
flange of high-impact cord-filled pheno­
lic, molded by the same company, is 
inserted between the wheel hub and 
the mounting plate to prevent metal­
to-metal contact. Each bolt is fitted with 
a vulcanized fiber bushing .. 

These applications of plastics to rail­
roading give but a hint of the many 
and diverse applications that will be 
found for these materials when present 
plans move from the drawing board to 
the road. 

Pre-war pumps of this type had 
metal cylinders which tended to cor­
rode to such an extent that the 

·plungers stuck in the barrel or were 
extremely difficult to operate. Also, the 
sheet metal tubing dented easily and, 
once dented, was of no further use. 
These disadvantages have been ended 
by using plastics for the barrel, end 
caps, and inner support of the flexible 
tubing in the Peters and Russell pumps, 

The phenolic resin impregnated paper 
barrel, instead of denting under a blow 
will, at most, crack. In such co'ntin­
gency, a hand clamped over the crack 
is sufficient to maintain pressure within 
the tube. Regardless of the extremes 
of weather in which the pumps are 
used, neither the phenolic end caps, 
the laminated plastic barrel, nor the 
Tenite II (cellulose acetate butyrate) 
flexible coil inside the tubing will cor­
rode when subject to salt water and 
bad weather. 

PLASTICS HANGARS 

Provide Protection for 
Aircraft Mechanics 

To INSURE that necessary maintenance 
work on our Navy airplanes goes on 
despite vagaries of weather, the United 
States Navy supplies portable vinyl­
chloride acetate impregnated canvas­
covered hangars to its many' outposts. 
Whether the field is in the Far North 
or close to the Equator, the canvas 
covering offers full protection. The ma­
terial is not only processed against the 
ravages of fire, mildew, and rotting but 
given treatment which keeps it flexible 
at 40 degrees below zero. FurthermElre, 
when work is finished at one field, the 

canvas can be easily rolled up and 
moved forward to the next advanced 
base. , 

Although the original hangars were 
constructed for servicing orily one 
plane at a time, the units now in U$E! are 
large enough for a two-motored plane 
to be serviced at one end while a four­
motored plane is being repa4"ed at the 
other. The design is such that planes 
are placed half in and half 'out of the 
hangar, with special canvas socks 
slipped over the 'motors and fuselages 

V'mylite.impreqnated canvas over a 
steel frame makes a portable hanqar 

and laced to the canvas end pieces to 
seal the openings. 

Each hangar consists of a steel arch 
covered with Vinylite-impregnated can­
vas. The Textileather Corporation 
calenders a 0.004-inch film on single­
texture duck and then laminates two 
sheets together with a wet solution. The 
laminating is not done when the canvas 
is calendered because inequalities in 
the cloth might cause a leak, whereas 
the laminating solution seals in the ma­
terial to give high' hydrostatic resistance 
when it is added in a second operation. 
In the next step the two sheets, which 
are now laminated together,. are im­
pregnated" with a solution containing a 
vinyl-resin base which is resistant to 
fire, water, and mildew. After this 
processing the completed fabric is 
dipped in a bath. 

Drying time is about two minutes in 
an oven that is maintained at a temper­
ature of 275 degrees, Fahrenheit. From 
start to finish the entire treatment of a 
given batch of canvas requires little 
more than 8 hours-a speed that makes 
it possible for the company to turn out 
12,500 yards of 36-inch material in 
one day. 

Since speed in erection is of great 
importance, the canvas is divided into 
easily handled sections by Newcastle 
Products Company and. itssubcontrac­
tors-the fabricators of the hangars. 
Thus, a total of 21 panels are employed 
to cover the front, back, and roof of 
the hangar; A variety of light-weight 
canvas socks are necessary to provide a 
tight seal around the openings in the 
canvas end curtain where a plane's 
motor and fuselage project into the 
hangar. These socks are square, slit at 
the bottom, and equipped with draw 
strings for tightening the canvas around 
the nacelle. The sides of the sock lace 
to the grommet strip on the inside of 
the curtain. The steel frame is built by 
International Derrick and Equipment 
Division, International-Stacey Corpora­
tion, and Milwaukee Iron Works. 
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AVIATION Conducted by ALEXA N D E R  KLEMIN 

Planes and Trains , 

la Desigamg Ihe Modera Sireamliaed. Lighlweighl Tram. Ihe Railroads 

Soughl Assislance from Ae.onaulical Eagineers. aad Ihis Successlul 

Example 01 Working Togelher by the Two Induslries Poinls Ihe Way 10 

A Fulure Inlegralion 01 Iheir Services lor Ihe Good 01 Ihe Public 

THERE are two contrasting aspects in 
the relationship between aviation 

and the railroads. One, technological 
and non-controversial, covers the many 
advances iI). railroad equipment which 
owe their origin to aeronautical science. 
The other, economic, political, and bit­
terly controversial, is concerned with 
the participation of the railroads, direct 
or indirect, in air transportation. 

In this article the technological ad­
vanceS can be discussed' unhesitatingly 
with pleasure and pride. In consider­
ing the possible role of the railroads in 
air transportation, however, it is wiser 
to do nothing, more than state pos­
sibilities and se,t forth the arguments 
of both sides. The right decisions must 
come from public opinion and Con­
gress, and will be years in the making. 

In discussing what the railroads have 
drawn from aeronautics there are two 
main ,lines of advance to consider: The 
first is the reduction of air resistance of 
the train; the second the reduction of 
its weight. 

STREAMLINING SAVES POWER-Only 20 
yeax:s ago; air resistance was considered 
by railroad mechanical engineers to 
be a minor matter. So great was the 
misunderstanding of air resistance that 
at one time it was lumped with ground 
friction resistance. Hence, the forms 
of locomotives as well as passenger and 
freight cars remained almost ideally 
suited for creating air disturbances. 
This was no handicap in suburban 

The first step in stream­
lininq locomotives was to 
shield the lower part with 
sheet metal. The dots show 
the parts that were masked 
to cut down air resistance 

traffic where passenger trains operate 
at low speeds. But at speeds of 60 to 
70 miles an hour, the power expended 
in overcoming air resistance accounts 
for at least one half the power exer­
cised by the locomotive. 

Skilled design can cut this resistance 
to approximately one half the amount 
encountered by the un-streamlined 
locomotive and train. We stress the 
word "approximately" because so much 
depends upon the design, condition, 
and length of the train, as weli as ad­
ditional factors. Hence no generalized 
statement can' be made in spite of, 
innumerable tests and voluminous 
writings on the subject. Whether the 
power saving Qe one half or less than 
one half, streamlining is evidently fully 
worthwhile. Not only do our stream­
lined trains have an enormous adver­
tising value, since they spell to the 
public a great advance in railroad 
equipment, but they actually do provide' 
savings in power and, hence, in fue1.· 

Aeronautical science's second con­
tribution to the railroads has been in 
aiding .better stru,ctural design of roll­
ing stock so as to reduce weight. When 
an aircraft engineer of our acquain­
tance was first requisitioned by a rail­
road equipment company to assist in 
the design of a streamlined train, he 
asked for examples of stress analyses 
and load factors, and was greatly sur­
prised to learn that they were not 
available. Locomotives and trains had 
become. structurally strong through 

--,Jew 

\ 

Drawings courtesy "Rallway Mechanical Engineer" 
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tradition, experience, and the brutal 
addition of weight. 

No attempt had ever been made to 
utilize light alloys or high-strength 
steel alloys. Because the engineers 
who pioneered in the design of stream­
lined railroad equipment were, on the 
whole, familiar or made 'themselves 
familiar with aircraft practice, they 
departed from the traditional path and 
did several things. They made bold 
use of the light aluminum alloys with­
out which modern aviation would 
hax:dly have been possible. Or, alter­
natively, they made use of the stain­
less steels of very high tensile strength, 
and reinforced them skilfully against 
local buckling by appropriate corruga­
tion. 

Then, when it came to the actual 
task of design, they worked out a 
theory of shock loads. In addition, 
they investigated the conditions under 
which a railroad train would encounter 
the most 'severe loads. They discov­
ered the points of application of such 
loads and their directions, and designed 
extremely refined structures accord­
ingly. 

By following aircraft practice, the 
weight of car equipment has been re­
duced by nearly 50 percent. One au­
thority states that the 750 tons repre­
sented by the heavy conventional cars 
In an eight-car train can be reduced 
to 400 tons, approximately. Such a 
saving would reflect itself in the cost 
of motive power with consequent effect 
on fixed charges, fuel costs, and the 
like. While the railroads so far have 
not been able to take full advantage 
of these weight-reducing elements 
except in their most expensive trains, 
there is little doubt that in post-war 

This drawlnq indicates how 
streamlininq was carried to 
further lenqths by shieldinq 
the front end and the upper 
part of the boiler so as to 
provide unimpeded airflow 

153 



trains the process of weight reduction 
will be accelerated and become more 
general 

REDUCING VIBRAnON-Another impor­
tant way in which aeronautics has in­
fluenced the railroads is in the study 
of vibration. In aircraft work from 
the earliest days, it became apparent 
that the isolation of engine vibration 
from the rest of the airframe was a 
vital matter. Rubber engine mount­
ings were found indispensable. The 
study of flutter of aircraft wings was 
seen to be an absolute preliminary to 
safety. Moreover, it was discovered· 
that the reduction of vibration was a 

subtle business and not merely a mat­
ter of adding weight. There have been 
cases of locomotives experiencing fail­
ures because of vibration, and weight, 
added as a remedy, caused the vibra:" 
tion troubles to increase enormously. 

Aviation taught American engineers 
that vibration was a subject to be 
treated with all the resources of ap­
plied mathematics and applied me­
chanics. Our modern . streamlined 
trains with their remarkable smooth­
running qualities are evidence of the 
fact that in vibration, also, railroad 
equipment designers owe much to their 
aviation confreres. 

SHALL RAILROADS nY?-In the early 
days of flight, rieither railroads nor 
steamship operators, with few excep­
tions, showed much interest in avia­
tion. Today, many surface carrier.s are 
keenly interested. Steamship com­
panies, railroads, bus lines, and truck 
operators have filed applications with 
the Civil Aeronautics Board for cer­
tificates of public convenience and 
necessity authorizing air· operations. 
But existing airlines are, in general, 
hostile. The Department of Justice 
has expressed its interest through 
formal intervention, and the issue has 
recently been discussed in Congres­
sional Committees and on the floor of 
Congress. 

What is the nature of this conflict? 
The Civil Aeronautics Act, passed hi 
1938, has been regarded by Congress 
as well as the Civil Aeronautics Board 
and the aeronautical industries as hav­
ing been planned to prevent control of 
air carriers by surface carriers such as 
railroads and steamship lines. Perhaps 
the best way to define such views is 
to quote from testimony before the 
House Interstate and Foreign Commit­
tee by L. Welch Pogue, chairman of 
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the C. A. B.: "The, Act (now law) of 
1938 provides that consolidations, 
mergers, and acquisitions of control 
involving air carriers are unlawful un­
less it is found that they will not be 
inconsistent with the public interest . •. 

it was .the intention of Congress to 
. carefully restrict the participation of 

surface carriers in the air transport 
field. The requirement was construed 
to mean that aircraft must be used 
in a manner which would be auxiliary 
supplemental (subordinate) to the 
surface transportation of the acquir­
ing company." Here is something as 
clear and definite as the testimony 
of a public official before a Congres­
sional Committee can be. The question 
today is. whether this view shall con­
tinue or legislation should be enacted 
to give railroads and steamships a 
freer, stronger hand in air-transport 
operation. 

THE CASE FOR THE RAILROADS-There 
are many persuasive arguments in 
favor of such participation. The first 
is the avoidance of duplication in per-

Three examples of dillerentIy pow· 
ered streamlined enqines. Upper 
left: An Illinois Central Dlesel-elec· 
trlc locomotIve. Abo..... A stream· 
Hned steam locomotive on the New 
York Central. Rlqht: A steam-electric 
enqine of the Union Paclflc nne 

sonnel and other facilities. There are 

many ways in which surface carrier 
facilities, intangible assets, and per­
sonnel can contribute to air-trans­
portation service without a proportion­
ate increase in investment and ex­
pense. It is argued also that if a 

single company' were permitted to op­
erate both rail and air, the most eco­
nomical and sound division of traffic 
would become possible. Again, it' is 
said that air cargo could be carried 
mucn more cheaply if all the facilities 
of surface transportation were co­
ordinated with air equipment, and that 
similarly, economy could be gained in 
the carrying of passengers. Certainly, 
in war-time, air-surface coordination 
works splendidly and there are many 
arguments in favor of the idea that 
coordination in peace-time would be 
equally efficient. 

THE CASE AGAINST-Airlines' spokes­
men who oppose the entry of the rail­
roads into the field of aviation say 
that the projected "integrated trans­
portation companies" would be huge 
transportation monopolies. The rail­
roads, they argue, had every oppor-

tunity to develop air transportation for 
nearly 15 years and they failed to 
grasp the opportunity. They point out 
that the development of air transport 
was left to independently-owned and 
financed airlines who went forward 
despite obstacles and in the face of 
great . financial loss . 

"Now, however, the surface interests 
have moved in," says one of these 
spokesmen, Captain Eddie Ricken­
backer, president of Eastern Air Lines. 
''They want to reap the harvest and 
dole out its fruits to the American 
public in the manner which will best 
protect their vested interests in their 
ground facilities. . . For air trans­
portation to come under the control of 
the powerfully financed surface carriers 
with their interlocking relationships 
and their vested loyalties in their rail­
roads and steamships would doom free 
enterprise in air transportation." 

It is possible that Rickenbacker may 
state his case too strongly. It is perfect­
ly true, however, that heavy pressure 
is being exercised by railroad, steam­
ship, truck, and bus interests to break 
down the legislative barriers guarding 
the airways against invasion. 

COMPETITION NEEDED-There is also 
one argument which Rickenbacker did 
not use, which nevertheless deserves to 
go down in the record, There are bene­
fits to be derived from the very ex­
istence of different and competing types 
of transportation. Such rivalry, of 

course, if pushed to extremes, with 
passenger fares and cargo tariffs com­
pletely unregulated, would make com­
petition ruinous to both airlines and 
railroads. But the C.A.B. and the In­
terstate Commerce Commission have a 
great deal to say regarding rates and 
know fully what evils unrestricted 
competition may bring. 

On the other hand, it can be said that 
it is precisely the competition of the 
airHDes which' has stimulated progress 
on the railroads. It is the one and a 

half hour schedule by air between New 
York and Washington which has in­
directly led to the four-hour Con­
gressional Limited of the Pennsylvania 
Railroad. It is the tremendous speed 
of the transport plane which is foster­
ing the growth of the streamlined train. 
It is the enterprise and friendly atti­
tude of the airlines towards the travel­
llilg public that is fostering a similar 
outlook by the railroads. 
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Another argument against railroad 
operation of the airlines belongs in 
the field of psychology. The railroads 
could, to a large extent, supplant lack 
of experience in air operation by hir­
ing the best �alent available, and by 
drawing on the personnel of the air­
lines or the Air Transport Command. 
But the railroad man quite rightly 
loves his industry. He loves the IDCO-' 
motive and the whole world of railroad. 
operation which is so fascinating and 
varied. 

A decade or more would perhaps be 
necessary before railroad men had the 
same loving understanding of aviation 
work. It would be misinterpreting 
human nature to think that railroad 
men at the top could operate air­
lines with the same flexibility and 
enthusiasm which young aviation ex­
ecutives like Juan Trippe, C. R. Smith, 
and many others have shown for their 
own chosen form of transportation. 

AIR·RAIL CO·OPERATION NEEDED­
Whatever the outcome of the argument 
before public opinion and Congress may 
be, there is one thing which must not 
be forgotten. The two great methods of 
transport can co-operate in many ways, 
whatever the status of legislation may 
be now or may become in the future. 

The desirability of such co-operation 
was recognized very early in France, 
Great Britain, Germany, and, to some 
extent, in the United States. Thus, 
Major Martin Wronsky, Director of 
the German Lufthansa, revealed that in 
1928 an agreement was signed between 
the Deutsche Lufthansa and the Ger­
man ra.ilroads whereby offices for the 
receipt of air cargo were established 
in every railroad station, and the rail­
roads become respDnsible for delivery 
of cargo to the nearest airport. 

In 1928, or soon thereafter, Lufthansa 
and the railroads also had arrange­
ments (similar to our own) whereby 
railroads took care of ab· passengers 
stranded by bad weather. 

Major Wronsky further advocated in 
1935 the coordination of railroad time­
tables and airline schedules. In some 
cases fast ground expresses were elimi­
nated in Germany because the air gave 
a completely satisfactory alternative 
service. Combination rail and air 
tickets were issued, with as much justi­
fication as combination tickets are is­
sued for all American railroads. 

Similar views were expressed by 
Raoul Doutry, Director General of the 
French Chemins de Fer de l'Etat. 

Methods of American coordination 
between railroads and airlines will 
suggest themselves to almost anyone 
who travels or ships goods. Travelers 
should be able to buy at' one place 
tickets for all airlines as well as all rail­
roads and bus lines. Likewise, business 
shoul d be able to ship by air to points 
from which railroad or other surface 
transportation will carry on. Common 
sense will dictate other co-operational 
possibilities. 

mum coordination with the air lines, 
whether this is encouraged by legisla­
tion or not. 

A solution to the problem will be 
achieved. It is one of the great bless­
ings of American life that no one­
sided, authoritarian power is allowed 
to dominate a situation. Hence the 
public can anticipate, sooner or later, 
a reasonable adjustment and friendly 
relationship between the two great in­
dustries. 

PRODUCE BY AIR 
Fruits and Vegetables Are 
Potential Air Cargo 

THE WAR has given birth to a new con­
cept of cargo-carrying capacity of the 
airplane, and there is no doubt that .in 

. the post-war period the airplane will 
be responsible for a great deal of traffic. 
The problem is to determine in what 
directions air cargo should be sought, 
what equipment will be needed to 
carry air cargo most efficiently, and to 
what level costs per ton mile must be 
reduced so that the airplane can, in 
addition to having much higher speed, 
compete with other forms of transpor­
tation on more favorable terms as re­
gards cost. 

Colonel Edward S. Evans of Detroit 
has generously made possible a study 
of "Air-Cargo Potential in Fresh Fruits 
and Vegetables," conducted by Profes­
sor A. Larsen at Wayne University and 
presented in a scholarly and well docu­
mented pamphlet. Professor Larsen 
has made it the purpose of his mono­
graph to secure basic information from 
numerous sources such as the Depart .. 
ment of Agriculture, Department of 
Commerce, railroads, trucking com­
panies, terminal pro<!uce handlers, and 
so on. At 15 cents a ton-mile, he. con­
cludes, the fruits. and vegetables car­
ried by air would be insignificant in 
volume. At three cents a ton-mile fully 
25 percent of the gross traffic in fresh 

produce, or upwards of " billion ton­
miles per year, would be carried by 
air. Of course, three cents a ton-mile 
is a very optimistic figure, and ten 
cents a ton-mile would be much more 
likely. But even at ten cents a ton-mile, 
there is evidently a - great potential 
market. The more fragile and expensive 
fruits would come first-strawberries 
and peaches for example. Then would 
come cantaloupes, cherries, plums, and 
so on. At very low rates even the 
lowly lettuce and tOmato might become 
air travelers. 

Non-perishable farm products are 
not likely to be airborne for many years 
to come. From air traffic there will 
come many benefits, such as fresher 
fruits, with less chance of damage, 
savings In stock carried, in rentals, in 
interest, and the like. 

AIRPLANE LOADER 
Has Self-Contained 
Power Plant 

A C.oMPLETELY portable and mechanized 
unit for loading and unloading air 
carg.o has been put int.o use by Ameri­
can Airlines. A conveyor belt is 
mounted on a gasoline-powered tractor 
which keeps a c.ontinuous stream. of 
baggage, express, and mail moving 
from truck to plane as fast as cargo 
handlers inside the plane can stow it 
away. The conveyor can be adjusted 
to the height of the forward cabin of 
the Douglas DC-3 or the post-war DC-4. 

Both the operating and the elevating 
mechanisms are hydraulically .operated. 
At the lower end of the conveyor belt 
is a platform to receive cargo coming 
down the convey.or, from ·which it 
may be placed on the low-level panel 
trucks on which passengers' baggage is 
carried, or on the regular mail and 
express delivery trucks. 

When the much larger transports 
such as the DC-4's or DC-6's come 
int.o service, the conveyor will put the 
passengers themselves on board, and 
even nDW they are used as escalators 
fDr the captain and crew of the DC-3. 
The credit for the actual constructi.on 
of this equipment is due to the Lyon­
Raymond Corporation. 

Whatever may be the contents of new 
legislation, it is clear that the airlines 
are too strongly established to be 
dominated by the railroads. On the 
other hand, it can be expected that the 
railroads will ultimately seek the maxi- Adjustable for helqht. the conveyor belt is powered by a tractor enqlDe 
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ELECTRONICS CONDUCTED BY KEITH HENNEY 

Electronics In Railroading 

Increased Safely is Ihe Goal of Many Uses, Direcl and Indirecl, of Elec­

Ironies by Ihe Railways. Flaw Deleclion in Rails, Malerials Tesling, Signal 

Syslems, and Communicalions All Involve Ihe Busy Eleclron 

DESPITE the pre�ure of war-time 
operations the American rail­

roads have been continuing their con­
stant search for new devices to improve 
operation. Faced with post-war com­
petition from motor trucks, airlines, 
pipelines, and passenger cars, the rail­
roads are taking a keen interest in elec­
tronic equipment, not· only for signaling 
and communication, but also for testing 
materials used in the manufacture of 
rolling stock and equipment. 

One of the . lesser known electronic 
instruments used by the railroads is 
the Sperry rail flaw detector. This in­
strument, de·veloped by Dr. Elmer 
Sperry in 1927, has found wide applica­
tion since that time. During 1943, 17 
fissure detector cars were operated by 
Sperry Rail Service and traveled from 
coast to coast and as far north as Hud­
son Bay. Besides the rail-testing elec­
tronic equipment, each car contains a 
cook's galley, shower bath, and sleeping 
quarters for the crew of five. 

The cars are self-propelled by gas­
electric drive and move over the 
tracks at a speed of from six to nine 
miles an hour, stopping each time a 
defect is found. Usually working from 
dawn to dusk, they cover about 30 
miles in a 12-hour day. 

As the car moves, an operator keeps 
a constant check on the condition of 
Ute rails by watching a recording tape. 
Defective portions of a rail show up 
as irregularities on this tape when the 
search unit attached to the car passes 
over them. The electronic equipment 
actuates the recorder to cause a dis­
torted line to appear on the tape. De­
fective sections are sprayed with white 
paint for identification and are then 
further examined by hand-testing as a 
follow-up operation. 

Investigation of 142,000 miles of rail 
with the electronic equipment during 
1942 resulted in removal of nearly 
100,000 defective rails. About 160,000 
miles of rail were tested during 1943. 

MATERIALS TESTING � Widespread use 
of electronic testing and examination 
of ferrous and nonferrous raw materials 
in the metallurgical industries means 
further application of electronic instru-
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ments to promote the safety of railroad 
travel. Already the cyclograph, the 
electron microscope, the spectrophoto­
meter, and the mass spectrometer have 
been rather widely applied to the raw 
materials that go into the making of 
railroad engines and cars. Although 
ear-marked now for war products, such 
electronic devices will be increasingly 
used in the post-war period. 

A boon to heavily laden passengers 
is seen in the recently demonstrated 

Radio enables the enqineer of this 
Baltimore and Ohio switchinq enqine 
to receive his orders. The antenna 
of the receiver·transmitter is seen 
on the cab roof over the headliqhl 

electronic door opener for sleeping cars. 
In a car now riding the rails of the 
Canadian Pacific, doors open auto­
matically when the handle is touched, 
not turned. The mere contact sets 
electronic circuits in operation, actuat­
ing the door-opening meChanism for 
entry or exit. 

SIGNALS SYSTEMS - One of the most 
pressing problems confronting railroads 
for many years has been that of block 
protection. By meails of an electric 
signal system, 'each rail route is divided 
into blocks or sections of track which 
no two passenger trains may occupy 
at the same time. Thus no train may 
enter a block already occupied and 
collision is prevented. The signals on 
this system are manually operated and 
are susceptible to human error. To 

remedy this,. an automatic block sys­
tem was developed about 70 years ago. 
Today, of a total of 160;000 miles of 
track for passenger trains in this coun­
try, about 140,000 miles have automatic 
or non-automatic block signals while 
8000 miles are equipped with automatic 
train-stop or train-control devices. 

In 1922, the. appliCation of radio com­
munication to railroad service received 
careful study by a committee of the 
Association of American Railroads while 
at the same time a number of individual 
railroads conducted research to study 
operation under varying conditions of 
service. Even than it was anticipated 
that short-range sets would meet the 
emergency requirements caused by 
floods, storms, and so on, for marooned 
trains and for use by train crews and 
construction crews. Automatic train 
control and signaling were also pre­
dicted. 

RADIO SYSTEMS-About a dozen differ­
ent types of electronic devices have 
been· tried by the railroads. These fall 
into three general classifications; car­
rier telephone systems using the rails 
as conductors; induction radio systems 
using side-of-track wires; and radio 
systems through the ether. By 1928 
each of these methods had been tried 
by at least one railroad with consider­
able success. 

In that year, a report on radio equip­
ment used on a freight train of the 
Chesape·ake & Ohio stated that a sav­
ing of two or three tons of coal per 
trip was noticed for a particular engine 
because of shortened trips. Consider­
able saving of time also resulted when 
trouble developed en route, since the 
crew could be directed to the fault 
and have it repaired before a man 
co1.lld walk the full length of the train. 
By notifying the engine crew when 
flagmen had been called in, speedup of 
operation resulted, as well as elimina­
tion of the chance that the flagman 
might be left behind, a not infrequent 
occurrence. Handling of trains in dense 
fogs and snowstorms that prevented 
the use of hand signals was expedited 
as well 

When radio was first applied to rail-
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CBElUSTBY IN INDUSTRY Conducted by D. H. KILLEFFER 

Chemistry Serves The Railroads 

Importanl CoDirilialions Bave Beea Made 10 Ihe Creal Forward Slrides ill 

Speed aDd Comforl lIy Ihe Railroads in Ihe Lasl Ten Years. Chemistry Bas 

Helped in Ihe AchievemeDi of Lighler Rolling Siock. Lessening of Boiler 

Scale. More ElficieDi Lallricalion. Beller Faels. and Air CODdilioaiDg 

CHEMISTRY is inescapable. Even in 
the conservative atmosphere of 

America's great railroad systems, prod­
ucts of chemical research and of chemi­
cal industry are constantly utilized. In 
fact, an important part in the continu­
ing railroad revolution can be traced 
to applications of chemistry to the 
problem of faster, cheaper rail trans­
portation. 

That these chemical asp�ts are not 
obtrusive comes from the innate con­
servatism of railroading and from the 
consequent gradual adoption and ad­
aptation of the many improvements 
which differentiate today's trains from 
those of a decade and more ago. 

Changes cannot happen quickly on 
the railroads, since the processes of 
evolution operate slowly through the 
immense size and intricate ramifica­
tions of the systems. During the early 
years of the present century, necessity 
made safety the guiding thought, slogan, 
and credo of American railroads. Ev­
erything any railroad man does must 
first be considered in its effect on safety 
before action is taken. 

This. reaction has been so. carefully 
cultivated over such a long period that 
the entire railroad world is built up 
around the thought of safefy. Thus 
any change must be carefully studied 
and analyzed in order to make com­
pletely sure that it produces no reduc­
tion in the factor of safety. 

Also contributing to railroad con­
servatism is the necessity that all roll­
ing stock on all railroads be completely 
interchangeable between. one and the 
others. Freight once loaded into a car 
must reach its destination even on a 
different road without needing to be 
reloaded into another car because of 
some difference of habit between the 
carriers involved. In the same way the 
design and construction of roads and 
rights of way must conform even down 
to minor details to rigid standards es­
tablished to insure safe interchange­
ability of equipment. 

trains, increased power of locomotives 
needed to move heavier trains faster, 
and increased comfort of passengers. 

It seems strange to discuss these 
points at a time when the railroads are 
staggering under the load of war-time 
traffic and when none of their services 
even approaches normal. However, the 
present situation, with its high rate 
of obsolescence and the difficulty of 
replacing old equipment, is laying a 
foundation for much more rapid im­
provement in the future. 

The obvious railroad problem is to 
raise the overall efficiency of trans­
portation, its only salable product. 
This means, first of all, faster trains. 
And greater speed can be attained in 
two ways: by increasing power of, or 
by lightening loads on, locomotives. 

COAL AND STEAlot STILL RULE-Rail­
road prime movers -are now largely, 
and probably will continue to be, coal 
fired steam locomotives, in spite of 
their already very close approach to 

Oourteu Permutlt COrporation 

maximum economical size. The reasons 
for the railroads' preoccupation with 
steam locomotives are readily under­
stood on the basis of their conservatism, 
and the fact that each of the important 
systems was planned to include access 
to a coal field of its own, with the 
additional fact of the cheapness of 
this form of power. Thus, in spite of 
the immense amount of attention lately 
given both Diesel and electric locomo­
tives, these newer types supply what 
yet amounts to only a small fraction 
of the power consumed on our rail­
roads. 

Obviously, then, any increase in the 
efficiency and power of the railroads 
must be realized by improving the ef­
ficiency of steam locomotives. Yet 
this must be accomplished within the 
limitations of cross-section imposed by 
tunnels, bridges, and other structures 
on the rights of way; within the lengths 
permitted by the minimum radius of 
curvature of the track; and within the 
weight limits that can be safely carried 
by bridges and trestles. 

When these limitations are consid­
ered, greatly increased power seems 
quite impossible to realize except by 
raising steam pressures; and that in turn 
meets structural limitations inherent in 
the peculiar form of the loco�otive 

Thus it is that newer modes of trans­
portation, by highway and by air, have 
advanced swiftly, compared with the 
slow progress. qf .the railroad revolu­
tion. But it is a revolution in spite 
of appearances. The changes basic to 
the revolution are increased speed of 

By chemkQl mecma this PermutltSpauldbiq Precipitator treats water for the 
pre�· Qf )9comotlyeboUer leale. Its capadty Is 400 galloaa II min..-
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boiler and the necessity for so many 
strengthening staybolts as to decrease 
circulation. Actually, the power out­
put of today's locomotives has been 
increased by more than 50 percent over 
those of World War I by the very im­
portant expedient of increasing their 
efficiency. 

The steps by which this has been ac­
complished have involved mechanical 
changes in the structure and moving 
parts of the locomotive. These changes 
were made possible principally because 
alloy steels of high strength permitted 
lightening moving parts. Important 
among them were redesign of the run­
ning gear to increase its efficiency; 
lightening conriecting rods by making 
them of alloy steels to reduce inertia 
loads; and improvements in wheel de­
sign to balance rotating loads more ac­
curately at higher speeds. Basically 
these improvements have depended on 
the appropriate use of the increasingly 
valuable alloy steels and cast irons 
available through combined chemical 
and metallurgical development. 

LOSING WEIGHT - The use of high­
strength alloys, both those containing 
large percentages of alloying elements 
available before Pearl Harbor and the 
efficient low percentage emergency al­
loys of the war period, is giving rail­
way mechanical engineers a new and 
important group of materials. The 
availability of these metals has led to 
an entire reconsideration of the design 
problems of cars as well. 

The old conception of a car, whether 
for passengers or freight, was a simple 
platform with a superstructure to pro­
tect passengers or lading from the 
weather. The entire strength of the 
structure was embodied in a central 
beam of great strength but also of 
great weight. 

The necessity for reducing weight of 
cars as part of the program for greater 

COUrtesy Met,al and Thermlt CorporatIon 

!hermit weldinq of railroad tracks 
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speed led to consideration of the en­
tire frame of the car as the strength 
member 'rather than merely its under­
frame. Engineers redesigned cars as 
tubes housing the lading rather than 
as platforms upon which loads rested. 

Further economies of weight were 
,effected by the substitution of welding 
for the heavier method of riveting 
steel structures together. These and 
other less obvious changes, largely 
based upon the use of light, strong al­
loys instead of the older low carbon 
steels, have made substantial savings 
in car weights. 

In freight box cars this saving has 
amounted to about five tons per car 
without sacrificing load capacity or 
safety. That means an increase of 10 
to 20 percent in the capacity of a train 
for pay load, or a corresponding econ­
omy of cost. Clearly this has been 
an important factor in enabling the 
railroads to carry their staggering war­
time loads today and will be vital in 
their future services. 

These changes and improvements in 
locomotive and freight equipment are 
far less apparent, but far more revo­
lutionary, than the introduction of 
-streamlining, air conditioning, and 
what may be called good housekeep­
ing, into passenger trains. Using light 
metals-aluminum and its alloys-as 
well as alloy steels, car builders have 
completely discarded old designs and 
have built new cars of wonderful 
lightness and comfort. Speed is attained 

Courtesy Vanadium Corporation of Amerlea 

Their post-war roles in railroad trans­
portation seem likely to be highly im­
portant in this country as they were 
in pre-war years abroad. 

Few developments in recent years 
have been so useful in railroad work 
as that of welding techniques. Gas, 
electric, and thermit welding have each 
served valuable purposes in building 
and repair of railroad equipment. Weld­
ing has been particularly useful in re­
ducing the' weights of structures below 
those obtained with riveting, yet with­
out sacrificing strength. Each of the 
standard methods of welding in their 
modern forms uses products of chemi­
cal industry essential in attaining 
superior results as compared with 
older techniques. In this, as in other 
fields, the great magnitude of railroad 
demand supplies a sharp goad to the 
development of methods and products 
needed. 

SAVING THE SURFACE-Protection of 
the huge tonnages of steel and iron 
used iri railroad equipment from the 
ravages of corrosion is a gigantic un­
dertaking. Supplying of materials for 
this purpose alone supports an industry 
itself. Conditions for atmospheric cor­
rosion encountered on railroads are 
particularly severe because of the pres­
ence of both cinders and sulfur dioxide 
in the smoke from locomotives burn­
ing soft coal. 

Thus, both in magnitude and sever­
ity, this corrosion. problem is excep-

Manqanese-vanadium firebox plates are used on this type of locomotive boiler 

without the sacrifice of safety. In fact, 
safety is increased, by lowered centers 
of gravity. Furthermore, a distinct 
economy of operation is gained as com­
pared with the heavy cars of old design. 

CHEMISTRY HELPED-These basic im­
provements rest upon vital chemical 
advances. The production of tht:! ele­
ments (chromium, nickel, vanadium, 
molybdenum, and others essential in 
alloys) from their ores involves chemi­
cal processes of great nicety. 'The ef­
fective utilization of these metals in 
alloys employs the latest and best in 
metallurgical science. The light metals 
-aluminum, magnesium, and their "al­
loys-are also products of chemical 'in­
dustry given special emphasis by war 
demands, and are already serving use­
ful purposes on the railroads largely 

'in sharp competition'with alloy steels 
in reducing the weight of rOlling 'stock. 

tional and hence has stimulated the 
most important developments so far 
realized in this field. Furthermore, 
both architectural and engineering fin­
ishes are involved, so that the results 
of developments undertaken primarily 
by, and for the benefit of, the railroads 
actually serve everyone. Not only have 
chemists employed by the railroads 
engaged in this important endeavor, 
but those of coating manufacturers and 
of the chemical industry itself, sup­
plier of the needed raw materials, have 
co'-operated actively in the joint effort. 

Similarly huge is the problem of sup­
plying water to the boilers of thousands 
of steam locomotives, traversing all 
parts of the country. The crux of the 
mattt!r lies in 'wide variations in the 
character of water available even over 
relatively short distances. But that 
would 'be no problem, and was none 
�f any magnitude, so long as boilers 
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were operated well below their maxi­
mum capacities. 

However, the whole completion of 
water supply changes, when, as now, 
the entire capacity of all motive power 
must be fully employed. This means 
that even slight variations in composi­
tion of water beyond recognized limits 
must be corrected to save steaming 
capacity that would be reduced by 
scale; to reduce corrosion and caustic 
embrittlement that constantly threaten 
boiler steel; and to minimize cleaning 
and blowdown needed to keep boilers 
free from sediment and objectionable 
concentrations ot dissolved salts. 

Water treatment is essentially a 
chemical process employing chemical 
products, and is necessarily carried out 
under chemical control to insure opti­
mum results. While much of the tech­
nique of water treatment has been 
developed for other purposes, the var­
iety of waters encountered on the rail­
roads has stimulated a vast amount of 
research in this field, both by the car­
riers and by those who supply them. 

OILING THE WHEELS�Railroad lubrica­
tion has assumed new aspects ,with the 
greatly increased speed of trains today. 
The adoption of improvements in all 
equipment-of more efficient bearings, 
of Diesel and electric power, and of 
higher temperatures and pressures em­
ployed in modern steam engines-has 
changed the lubrication problem sig­
nificantly. New types of oils and 
greases must necessarily be employed 
following changes in the surfaces to 
be lubricated and their conditions of 
operation. Here, too, experience in 
other fields has had to be supplemented 
by developments carried through the 
final stages to fit lubricants precisely 
to their new roles in rail transporta­
tion. In this case, as in others, over­
all developments have greatly increased 
the loads on lubricants. 

Air conditioning of passenger cars 
and refrigeration 6f freight cars owe 
much to chemical industry. These two 
closely related functions obviously will 
provide greater and greater service in 
the future. Clearly, the public wants 
both in very much their present forms, 
so far as results are concerned. How­
ever, the future seems sure to witness 
modifications of these two techniques 
to bring them closer together. 

Air conditioning of freight space will 
serve the same purpose as refrigeration 
in the preservation of many perishable 
foodstuffs and will actually do it bet­
ter. And few are able to differentiate 
between refrigeration and what passes 
for air conditioning of today's passenger 
cars. Chemical industry and chem�cal 
engineering research have already pro­
vided answers to'these problems well 
in advance of present practice. They 
are now waiting for the railroads to 
put them to use. 

CHEAPER FUELS-The problem of effi­
cient use of fuel on the railroads is 
still a major one. Clearly, steam loco­
motives fired by coal will continue, 
probably for a minimum of many 
decades, to supply most railroad' mo­
tive power for reasons, already men­
tioned. Efforts to burn powdered· coal 

In its early research· on the desiqn 
of air condilioninq systems for the 

railroads. the Carrier Corporation 
used an actual coach in which llqhts 

simulated the heat of the passenqer s 

in locomotives have failed of full suc­
cess, but have demonstrated that im­
proved efficiencies are possible. 

Oil firing has been accepted as ap­
proaching the ideal where oil is avail­
able on a reasonably competitive basis 
with coal. This points the way to a 
satisfactory solution: use of an oil­
coal mixture of the type of the so­
called "colloidal fuel," already success'" 
fully burned in marine boilers. Atomiz­
ing such a mixture of finely pulverized 
coal in oil gives a flame with the char­
acteristics of oil flames yet actually 
burning principally cheaper coal. 

Thus in the operation of American 
railroads at the increased efficiencies 
required to meet modern competition 
with other means of transport, one 
finds chemistry and chemical industry 
supplying vital materials and techni­
ques. Some of these services were al­
ready serving other industries and were 
available for immediate adaptation to 
railroad needs. Others have been de­
veloped by the railroads themselves 
or at their instigation by others. Ob­
viously, future progress in transporta­
tion by rail. will more and more em­
ploy chemical developments. 

STARCH LAC9UER 
Has Resistance to Heat, 
Weather, and Solvents 

ALLYL STARCH, a chemical derivative of 
starch made,by its reaction with allyl 
chloride or bromide, has been shown 
to have valuable properties as a con­
stituent of varnish.and lacquer coatings. 
The freshly prepared compound is read­
ily soluble in most paint and varnish 
solvents, but when the solution is ap­
plied to a surface and dried, the re­
sulting coating cures to' an insoluble 
state either by contact with the air or, 
better, by the application of heat. 

The final coating is hard, transparent, 
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and extremely resistant to weather and 
to solvents. It is also resistant to heat 
and will withstand 400 degrees, Fahren­
heit. The development, now in the 
pilot-plant stage, is being conducted 
by the Department of Agriculture as an 
industrial outlet for farm products. 

DICHLOROSTYRENE 
Shows Promise in 
Synthetic Rubber 

SYNTHETIC resins made by polymeriza­
tion of dichlorostyrene instead of sty­
rene possess both better electrical in­
sulating properties and higher resist­
ance to heat. The dichloro compound 
is also showing promise in synthetic 
rubber where it is polymerized with 
butadiene in a way similar to styrene. 
The new synthetic rubber is now 
undergoing exhaustive tests, particu­
larly in heavy truck tires, where its 
heat resistance is important. 

Di.chlorostyrene itself is highly active 
and readily polymerizes to resins re­
sembling the polystyrenes in most of 
their properties, particularly chemical 
resistance, solubility, and appearance. 
The point of heat distortion of the 
dichloro resin is 240 to 265 degrees, 
Fahrenheit, compared with 165 to 190 
for polystyrene. 

WELDING PLASTICS 
By Using Hot 
Inert Gas 

A NEW method of "flame" welding of 
plastics is described in recent reports 
from England. The torch heats an inert 
gas-nitrogen-to the proper tempera­
ture to soften the resin and then di­
rects the stream of hot gas at the point 
to be softened for the weld The prob­
lem of control of temperature has 
caused some concern but has been 
solved best by the skill of the worker 
rather than by intricate control de­
vices. Results are reported to be ex­
cellent when an inert gas is used instead 
of flame or products of combustion 
directly. 

PROTECTING CANS 
By Dipping Them in 
Simple Alkaline Solution 

T HIS global war has imposed a severe 
and extraordinary burden on the tin 
coating of cans. Failure of the protect­
ing coating has been frequent. 

A new method of improving the ef­
fectiveness of the tin layer, made even 
thinner by' war, consists of dipping the 
filled and completely processed cans 
into a hot alkaline solution. No satis­
factory explanation of the remarkable 
effect of this simple, quick treatment 
has yet been found. 

But the explanation is probably less 
important at the moment than the fact 
that cans' so treated resist corrosion 
in humid; hot atmospheres substantially 
longer than untreated cans. The new 
protective method 'entails neither the 
complications nor the expense of 
lacquering, and it lends itself to me­
chanical application in .the cannery. 
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METALS II IIDUSTRY Conducted by FRED P. PETERS 

Metals Make Railroads 

The Railroads are PlaUDing low 10 Ulilize Ihe Far-Beachiag Advaaces Made 

by Melals Dariag Ihe War ia Bigher-Speed, Lighler-Weighl Bolliag Siock 

for Bolh Passeager aDd Freighl. Wilh.lhis Eqaipmeal They Will Meel Peace­

Time Compelilioa of Ihe Airplaae, Track, aad Bas 

THE HISTORY of the railroad industry 
has been underwritten by the 

progress of the metal industries. The 
steel rail made possible the great ex­
pansion in railroad activity in the 
middle of the last century. Boiler plate 
made from open hearth steel provided 
the . urgently needed solution to the 
problem of larger plates for the bigger 
locomotives being built.. Steel axles 
permitted heavier loads. 

To an even greater .extent, however, 
are the futures of these two groups of 
industries interwoveh, for the post­
war period will be a critical one for 
the railroads. Informed engineering 
opinion among railroaders is virtually 
unanimous that only through extensive 
and thorough-going use of new high­
strength or lightweight materials in the 
enormous car-building program pro­
jected can the railroads out-distance 
the expected competition from bus; 
truck, and airplane. 

Plans are already underway f.or broad 
re-design embodying the most modern 
materials for lightweight construction. 
We may confidently predict many 
startling developments of this nature 
from the railroad industry in the early 
post-war years. 

In its simplest terms, lightweight. 
construction can mean either higher 
speed, less power consumption, or 
greater pay-load to the railroad. Any 
or all of these factors make railway 
transportation more competitive or 
more economical. The lightweight 
construction may be accomplished by 
using lightweight materials (such as 
aluminum alloys, magnesium alloys or 
plywood) or high-strength materials 
(for example,. alloy steels, stainless 
steels or heat-treated carbon steels) 
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and by employing fabricating methods 
like welding that are ideally adapted to 
this type of construction. 

Mt.j ALLURGY HELPS STREAMLINING­
From the standpoint of the public, the 
most spectacular application of the 
lightweight development in the rail­
roads has been in passenger cars-par­
ticularly in some of the streamlined 
high-speed trains. Here the goal has 
been a combination of speed, comfort, 
and beauty with adequate safety. The 
materials u�ed were chiefly aluminum 
alloys, stainless steel, and low-alloy, 
high-strength steels. The last are a 
group of steels' containing fractional 
percentages of chromium, phosphorous, 
copper, nickel, molybdenum, or otha-s, 
with· good mechanical properties, weld­
ability and corrosion resistance. They 
are only slightly more expensive than 
plain carbon steels. 

Originally lightweight passenger car 
construction was based on aluminum 

Riqht: Car-ends of low-alloy 
steel are being cold-flanged 
Courtesy Inland Steel Company 

Below: Low-alloy steel made 
by the Bethlehem Steel Com. 
pany was used in buildinq 
this Iiqhtweiqht day coach 

alloy (pioneered by Pullman-Stand­
ard) or on stainless steel (pioneered 
by Budd). The development of the 
much cheaper low-alloy steels provided 
a third and welcome medium that was 
put to use by practically all car builders 
in some form. 

At the beginning of the war, when 
construction of passenger cars was dis­
continued, four structural types were 
being built-(l) all-aluminum-alloy, 
of riveted girder type side construction, 
lighter by'several thousand pounds than 
any other, but more costly; (2) stainless 
steel, of truss-frame construction with 
spot-welded connections, and with the 
outside sheets functi,oning as covers 
rather than strength members; (3) 
low-alloy steel truss-frame, of all­
welded construction, with sides cov­
ered with . corrugated stainless steel, 
and weighing about the same as all­
stainless cars of equivalent strength; 
and (4) welded-girder constructed 
throughout of low-alloy, high-strength 

steel, weighing only a trifle more than 
the truss-type car but less expensive. 

LIGHTWEIGHT TRAINS POPULAR-At the 
present time there are some 120 light­
weight streamlined passenger trains and 
hundreds of additional lightweight cars 
in use. A comprehensive and detailed 
analysis of their performance has shown 
that before the war they were distinct­
ly profitable investments for the rail­
roads and that during the war period, 
with all trains presumably loaded to 
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their doors, the lightweight trains show 
larger proportionate increases in traf­
fic handled than the standard trains. 

For this reason virtually every rail­
road plans to add streamlined light­
weight trains to its lines, a survey made 
by a leading railway business magazine 
recently revealed. Railway executives' 
comments ran something like this: "The 
railways realize their present passenger 
equipment is outmoded and are plan­
ning to replace it with modern light­
weight equipment just as soon all 

possible after the war" ... "The im­
'proved metallurgy coming out of this 
war will insure light weight with the 
utmost in comfort. .. I look for a tre­
mendous improvement in the speeds 
with which railway trains are operated." 
... ''We are so thoroughly convinced 
that comfort and speed are so impor­
tant that at the end of the war we'will 
proceed as rapidly as we can to re­
place all of our conventional equipment 
with modern cars;" 

The big question now is: "Which 
materials will participate most heavily 
in this enormous car-building pro-

'gram?" From 1935 through 1939 some 
1458 passenger cars were built, of which 
63 percent were of low-alloy steel, 20 
percent of stainless, 11 percent of alu­
minum, and only 6 percent of conven­
tional design using ordinary carbon 
steel. This may foreshadow - the future 
trend. 

However, weight is not the sole fac­
tor, although it is obviously the ,prime 
mover. The so-called "steel" coaches 
(they embodied considerable wood) of 
1906 weighed 110,000 pounds. A typical 
all-steel coach of the late twenties 
weighed 130,500 pounds, but was longer 
and carried many more specialties. Mod­
ern de luxe cars weigh less than 120,000 
pounds, despite a startling increase in 
the weight of specialties over the last 
25 years. If the modern cars were to 
have specialties similar to those of 
1906, we would find typical low-alloy 
steel cars weighing 113,000 po,unds, 
aluminum-alloy cars weighing 105,000 
pounds, and stainless-steel cars some­
where between. 

This is a remarkable weight-saving 
accomplishment, in car bodies, especial­
ly in view of an increase of some 10 
feet, in the length of typical cars of 
today over those of 1906. On the other 
hand, it also points a stern finger at one 
outstanding direction in which pas­
senger car design can still be radically 
improved: the lightening in weight of 

Left: Cabs of aluminum alloy 
beinq fabricated for use on 
hiqh·speed steam locomotives 

Courtesy Aluminum Company 
of America 

Below: Workmen low!lrlnq In­
to place the end section of an 

aluminum alloy railroad car 

the specialty items, which are follow­
ing a trend opposite to that of the car 
bodies. 

' 

METALS WILL COMPETE-Only time will 
tell which of these three types of 
materials is best and cheapest for pas­
senger car structures. The war has had 
the most pronounced effect on aluminum 
by enormously increasing its production 
capacity and by spreading the know­
how of handling the material on a 
much broader scale than ever before. 
For extreme light weight and highest 
speed, aluminum cars are still the most 
popular. 

Stainless-steel cars, on the other 
hand, have the most eye-appeal an<l 
their strength-weight ratios in the cold­
rolled condition are outstanding. Fur­
thermore, they require no painting or 
other protection. The low-alloy steel 
cars, finally, have good all-round prop­
erties, are the cheapest of this group 
and can be used as-roIled-that is, they 
do not require heat treatment as do the 
aluminum alloys nor must they be fab­
ricated in the difficult cold-worked con­
dition as must the stainless steels. 

Magnesium alloys are generally ad­
mitted, even by their manufacturers, 
to have little possibility of early use in 
the structtlral members of railway cars. 
They can and will be used, however, 
for many non-structural applications, 
especially to lighten the weight of spe­
cialties. 

Of course all this ignores the possi­
bility of new magnesium alloys with 
radically different properties than those 
now on the market, but none are as yet 
evident. At the same time, the alumi­
num industry has produced something 
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which the railroad industry has ,yet to 
piace in commercial use-new, super­
strength aluminum alloys and clad ma­
terials with vastly improved strength­
weight ratios-while a: new low-alloy 
steel containing molybdenum (Alde­
cor) has just been announced. 

IMPROVING FREIGHT CARS-But what 
about the more prosaic freight car? 
Here the competition is narrowed to 
exclude the expensive s,tainless steels 
from all but the most specialized con­
sideration. It is stretched, however, to 
include copper-bearing open-hearth 
steel and - steel castings (liquid­
quenched and otherwise) as well as 
aluminum and low-alloy steel for 
lightweight construction. The choice is 
of considerable econQmic importance 
to the railroads. Every reduction in 
weight of one ton represents an operat­
ing saving of $15 per year to a road. 
Hence, a typical reduction of 10,000 
pounds in a single car means $75 per 
year. In terms of increased payload, a 
reduction of three tons per car is re­
ported to result in 5 to 7 percent greater 
payload regularly. 

The popular material to date seems 
to be open-hearth steel containing 
a small amount of copper. The low-al­
loy steels are nevertheless currently re­
ceiving extremely favorable attention 
from designers and prospective pur­
chasers of post-war freight cars, be­
cause for many applications their cost 
is so much less than for a car of the 
same weight made of aluminum. Actu­
ally, in nature and cost, they are much 
closer to the ordinary open-hearth steels 
than to the aluminum alloys, yet their 
weight-saving possibilities are substan­
tial. Many alert car builders consider 
them a more economical solution'to the 
lightweight problem than the copper­
bearing steel mentioned earlier. 

The seriousness with which the rail­
road industry regards this matter is 
well indicated by the recent order 
placed by the Missouri Pacific Railroad 
for 25 aluminum alloy 70-ton hopper 
cars to be made by American Car and 
Foundry Company-said to be the first 
order of _ its kind ever placed. The 
entire bodies will be of aluminum alloy 
with the center sills and bolsters of 
steel. The cars, when empty, will 
weigh about 38,000 pounds each, con­
trasted with an average weight of 50,-
100 pounds for the conventional steel 
70-ton hopper car, or about six- tons 
less for the locomotive to pull. They will 
have 240 cubic feet greater carrying 
capacity. The railroad intends to study 
closely the performance of these cars to 
determine whether their higher cost 
is sufficiently counterbalanced by the 
resulting improvement in net operating 
revenue from them. 

CHEAPER METALS SUGGESTED-Two 
other means of achieving weight saving 
in freight car construction without 
adopting highly expensive materials 
have recently been suggested by out­
standing metallurgists. One is that the 
railroads attempt to utilize quenched­
and-tempered plain carbon or low�al­
loy hardenable steels for structural 
members, based on the experience of 
the automotive and aircraft industries 
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To avoid transverse fissures in steel 
rails. careful control of temperatures 
is required while the stock Is rolled 

that "heat treatment is the cheapes� 
practice metallurgy has to offer for in­
creasing the strength of steel without 
too great a sacrifice of ductility." 

The other suggestion was that the 
railroads determine for how many im­
portant applications they might not 
profitably forego their present practice 
of specifying a more expensive, com­
pletely deoxidized, fine-grained, non­
aging steel, and (where no corrosive 
service is involved) use instead a semi­
killed steel with just enough carbon 
and the cheaper alloys to raise the 
strength to the proper level and still 
keep the steel cheap. 

By regulating the roYing mill prac­
tice, it is often possible to secure im­
proved structures to meet the require­
meJ;lts. Not yet tried by the railroads, 
this approach has been highly success­
ful in other applications, in one of 
which it has been in regular large-scale 
use for several years. 

BETTER LOCOMOTIVES-In the case of 
the locomotive, side and drive rods are 
under continual study to reduce their 
weight or increase their ability to re­
sist stress. Here again the answer would 
seem to lie in thelieat treatment of 
the parts to get the most benefit from 
their alloy content. New high tempera­
ture alloys have improved the per­
formance of locomotive boiler systems, 
which in the post-war period will 
therefore operate at higher tempera­
tures and pressures than formerly. 

In this respect a most significant de­
velopment is the emergence of the gas 
turbine as a potentially important rail­
way prime mover. Engineers are agreed 
that the gas turbine will certainly be­
come of interest as a locomotive drive 
when alloys of sufficient heat resistance 
to match the temperatures required for 
most efficient operation become gener­
ally available. 

Many other materials find important 
and changing use in our. heavily loaded 
railroad systems. Copper .and its al.;. 
loys serve to the extent of more than 
a billion pounds in permanent use, 
primarily in the conductor wires for 
electrical railways, signal systems, 
headlights, and so on. In addition, they 
are important constituents of railway 
train air-conditioning systems which 
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are expected to be universally installed 
in post-war trains. Brasses and bronzes, 
lead, tin, and their alloys are widely 
used for bearings, while all types of 
solders and brazing alloys find sub� 
stantial application in locomotive con­
struction and in the assembly of general 
electrical systems as' well as decorative 
items and other specialties. 

Steel castings are among the most 
important of railway car materials, be­
ing used for bolsters, side frames, 
couplers, and so on. Axles have re­
ceived a great deal of attention lately. 
A general effort is underway to reduce 
their weight by various means, among 
them heat treatment and the develop­
ment of a hot-pierced, hollow steel axle. 
As to· wheels, chilled iron wheels have 
been traditional for freight cars, but 
steel wheels are receiving in.creased ap­
plication as the speed of freight traffic 
increases. 

The best possible closing for this 
article is provided by S. L. Hoyt and 
H. W. Gillett of Battelle Memorial In­
stitute, who said in a recent paper 
before the American Society of 
Mechanical Engineers: "It seems clear 
that we have entered a new era, .that 
of high speed traffic. . . A corollary 
of high speed is low weight. . . Re­
course must be had to new materials 
which are either inherently stronger 
or which have a more favorable 
strength-weight ratio than the old. 
Insofar as high speeds affect fabrica­
tion or construction, the outstanding 
feature of recent years has been the 
swing to welding to save weight and 
increase the joint efficiency ... It is the 
hope of all that the new materials 
and the new methods of shaping, join­
ing, and fabrication will provide needed 
answers to many railroad problems." 

The most progressive railroad men 
are certain that they will! 

HIGH·SPEED MILLING 
With Carbide Tools and 
Negative Rake Angles 

lEW machining developments of re­
cent years have been as spectacular 
in their production and cost benefits as 
the new and increasingly used practice 
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of milling steel a t very high' speeds 
with carbide tools and negative rake 
angles. Higher production, better fin­
ish, and lowered heat-distortion are the 
outstanding advantages-in some in­
stances production increases of several 
hundred percent over ordinary milling 
practice using tool steel cutters have 
been recorded. 

Originally a West Coast aircraft in­
dustry development, the practice is 
spreading fast tq, alert shops throughout 
the country. The accompanying illus­
tration shows graphically the differ­
ence between conventional milling and 
negative rake angle practice. 

Actually, the inner edge of the cut­
ter is ahead of the outer edge. The ac­
tion has been likened by a North 
American Aviation engineer to a stroke 
of the hand in the sand. If the forward 
stroke is by the finger tips of the hand 
(positive rake) they dig into the sand; 
but if the forward stroke is accom­
plished by the heel of the hand (nega­
tive rake) the bite into the sand is 
a drag, the line of force flowing back 
through the wrist and arm to be ab­
sorbed by the shoulder joint. 

ELECTROGALVANIZING 
Provides Protective Zinc 
Coatings on Steel 

A NOTABLE trend in the applications of 
metals and metal coatings is the grow­
ing interest in and use of electrogal­
vanizing as a method of producing rela­
tively thin but adequately protective 
zinc coatings on steel. 

Using the same electrolytic lines that 
have revolutionized production of tin 
plate, there are now 26 units in the 
United States capable of turning out 

,electrolytic zinc-coated sheets. High 
purity zinc is being deposited on con­
tinuous strip up to 38 inches in width, 
at a .speed of 160 feet per minute, in 
coating weights up to 02 ounces of zinc 
on both sides, per square foot of strip 

This development offers many possi­
bilities in the expansion of the use 
of pre-plated metals, and the automo­
tive industry is giving serious consid­
eration to the possible use of such zinc­
coated steel for body stock. Considera­
tion is also being given to the use of 
small stampings made from zinc-coated 
steel, where -the protection of zinc is 
carried over to the cut, unplated edges 
through galvanic action. 

Many millinq aCivant(l.<Ies. stem from the uS.e of neqative rake anqles 
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FUNDAMENTAL SCIENCE Conducted by A LBE RT G. INGALLS 

Wheels Of W orlh 

OF THE WHOLE SUBJECT of ra1lroadinq. 
perhaps the least li�ely phase to hold the 
public attention is that of the relationship 
of wheels and rails. Thouqh romance fa­
vors "The Iron Horse"; thouqh the public 
taste leans toward more luxurious lounqe 
and bar cars; and thouqh safety In the 
form of rermed siqnal and communication 
systems meets a pr�per public insistence. 
down under the comfortable train on which 
you ride there is somethinq basic to all 
these-the homely. commonplace. but all· 
important wheel-and-track combination. 

In the accompanyinq article the author 
has condensed some of the fundamental 
meat of a wheel-and-track science about 
whose extent not all of us are very con­
scious. Have you ever wondered how the 
wheels of a' ,railway car withstand the 
rampant stresses to which they are heavily 
sublected? How the rails resist the action 
of the wheels? What mechanical consider­
ations surround so apparently simple a 
question as' how a train stays on the 
track? After readinq this article you will 
be likely to watch and study the wheels 
you see rollinq on rails. and wi\l be made 
more conscious of how the railroads main­
tain their splendid safety and service. 

The author of this article is the author 
of a book, "Masterinq Momentum," a study 
of railway equipment and its operation. 

-The Editor 

ORIGIN'ALLY railway car wheels were 
made of wood and were run on 

wooden rails. As at present, a flange 
on the side of the rim served to guide. 
the wheel but, later, flanges were placed 
on the rail in order that wagon wheels 
could be operated on them. Eventually 
the flanged wheel was found to be the 
mor� satisfactory, and the guiding 
action was returned to the wheel. 

The wooden wheel was discarded 
about 1767, and many designs were ex­
perimented with before the present 
types were universally agreed upon. 
These are the chilled-iron wheel, the 
cast-steel design, and those of wrought­
steel, both single and multiple-wear. 

In 1789 the process of chilling iron 
was developed, but the first chilled­
iron wheels did not appear until about 
1816; and by 1867 this wheel design 
had been quite generally accepted for 
freight car use. 

By 1865 steel was becoming impor­
tant as a metal in wheel design, steel 
tired wheels being installed under 
passenger cars in this country and un­
der both freight and passenger cars in 
England. 

The next development in the evolu-

In Ihe Malaal Working Belalions of Railway Car Wheels Bolling on Sleel 

Bails There are Some Inleresling Applicalions of Fandamenlal Science. 

An Abbrevialed Consideralion of Ihe Effecls of Beavy Siresses and Sirains 

on Bolh Wheels and Bails. Bow Mach Wheel Area Toaches Ihe Bail? 

By L. K. S ILLCOX 
First Vice President. The New York Air Brake Company 

tion of the car wheel was the one­
piece wrought-steel type, experiments 
beginning in 1900 and the first major 
installation being made in 1906. This 
design is very similar to that known 
as the multiple-wear steel wheel of to­
day, in which the tread is thick enough 
to permit turning down after wear; 
although in some instances the present­
day wheel is heat treated by quenching 
and tempering to harden the tread and 
flange, thereby reducing the rate of 
wear. The wrought-steel wheel is ini­
tially formed into rough shape by forg­
ing under a press with the plate part 
of the wheel straight. In a further 
operation the plate part is coned or 
dished by pressing into its final form. 

About 1926 the one-wear wrought­
steel wheel, with a reduced plate and 
web thickness, was introduced. The 
only other difference from the multiple­
wear design was a reduction of the 
tread thickness, making it impossible to 
restore normal cQntour by turning 
down. Prior to this innovation, in 1903, 
cast-steel wheels had been introduced 
into service on a test basis, the first 
installation in this country being in 
1911. This wheel is cast in a mold fitted 
with metal chillers around, its outer 
circumference. It is heat treated after it 
is cast. 

A relatively recent addition to wheel 
design is the spun-steel design. In the 
manufiicture of this wheel a special 
steel is' poured into a mold revolving 
at high speed. Subsequently it is heat 
treated also. 

WHEEL AND RAIL DEFECTS-In load 
support and in guiding along the rails, 
wheels and rails receive identical 
stresses'. A wheel and a rail have much 
in common, even as to form. Each haS 
a substantial contacting mass to receive 
traction abrasion_ In the wheel, the 
rim is supported by a broad area, the 
hub, and siinilarly in the rail, the head 
is supported by a broad area, the rail 
base. The hub and rim of the wheel 
are connected by a relatively light 
member, and so are the head and base 
of the rail. The contacting areas are 

termed the wheel tread and the rail 
running surface. 

Wheel tread defects also have their 
counterparts in defects in the running 
surface of rails. Wheel rims and rail 
heads fail by local distress, or loss of 
metal, and by transverse breakage. The 
breakage of rail webs from lateral stress 
sometimes occurs corresponding with 
the collapse of plates of wheels under 
torsion from heavy traction couples, 
oft-repeated and quickly applied and 
reversed. 

The sliding of a wheel without rota­
tion has an effect upon the tread that 
is very similar to the effect upon the 
rail of slippage of traction wheels with­
out forward motion. In the first case, a 
single point in the wheel periphery en­
gages a rail running surface which con­
stantly presents a new contact. In the 
other case, when traction wheels slip, 
a single point on the. rail is acted upon 
by a renewing wheel contact. In either 
case, energy dissipation is concentrated 
over an extremely limited area of one 
surface, high temperature results, struc­
ture of the metal is affected, and a loss 
of metal may occur beyond the abrasive 
effect. Reactions upon wheels may be 
equalled by reactions on the rails upon 
which they bear, but they are vastly 
more repetitive on the wheels. 

SHELLED WHEELS, RAIL BURNS-In so 
far as failures of wheels under load are 
concerned, two effects are predominant. 
In the first, vertical pressures between 
wheel and rail introduce shearing 
stresses which frequently approach al­
lowable working loads for the materials 
ordinarily employed-even when sub­
jected to the most favorable operating 
conditions. Tensile and shearing re· 

sistance of carbon steel decreases ma­
terially at elevated temperatures and 
there are two factors, met in .normal 
railway operatIon, which create suffi­
ciently high local temperatures to 
weaken appreciably the resistance of 
the material. Their effects are obvious .. 
When a non-rotating wheel slides, a 
temperature of 800 degrees, Fahrenheit, 
or more, is momentarily 'developed at 
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one point in the tread of the wheel and 
the strength of the material may be 
reduced as much as 40 percent. Should 
the ultimate resistance be exceeded 
under these conditions, a section of the 
metal breaks away and may be dis­
lodged long after 'the overheating and 
stressing occur, or evidence of them 
is removed. When wheel metal is lost 
in this manner the visible defect is 
termed a "shelled" spot. A rail "burn," 
which has the same appearance as a 
shelled spot in a wheel tread, results 
from identical conditions-a railway 
wheel, rotating for an appreciable 
time but bearing upon one point on the 
rail, weakens the metal, produces frac­
ture along natural slip planes, and the 
metal subsequently separates. 

In the second effect of loaded wheel 
failure, high tread temperatures, ex­
tending completely around the periph­
ery of a railway wheel, may result from 
prolonged braking at high pressure and 
speed.· Under these conditions, as with 
soft wheel treads, shelling is ag­
gravated, and wheel metal is reduced 
to a state where flow occurs-a pressing 
of the metal away from the bearing 
zone until it projects beyond the edge 
of the wheel rim. This has proved very 
troublesome where interference with 
closely fitting parts of the brake mech­
anism has been experienced. Ordinarily, 
only loads exceeding 25,000 pounds per 
wheel produce this defect, and the 
greatest difficulty is experienced with 
locomotive tenders because' wheel load­
ings in other services are usually not 
excessive. 

WHEEL LOADING-The pressure with 
which cast-iron brake shoes must be ap­
plied to wheel treads to produce a given 
braking rate increases somewhat faster 
than in direct proportion with the total 
weight supported. Very high speed 
operation demands still higher brake 
shoe pressures and extends both the 
time and distance over which this pres­
sure must be sustained. Despite a some­
what variable coefficient of brake-shoe 
friction, the pressure is a direct measure 
of the energy input, represented by 
heat, which wheels and brake shoes 
must receive during braking. In this 
way, weight again must take indirect 
responsibility for wheel damage - in 
some cases evidenced. by characteristic 
shelling when loading is extremely 
heavy, and at other times by thermal 
checking under more moderate bearing 
pressures. 

THERMAL CHECKS-A thermal check is 
II hairline crack extending across the 
wheel tread and is the result of a dif­
ference in the rate of expansion be­
tween a very thin surface layer and 
.the underlying metal. Exposed to abra...; 
:sion by the brake shoe, which reaches 
local temperatures as high as 2500 de­
grees, Fahrenheit, in extreme cases, a 
thin ribbon of wheel tread metal re­
ceives tremendous local energy (heat) 
accumulations at so rapid a rate that 
a high temperature difference- is set up 
between the tread and the body of the 
rim. The resulting difference in ex­
pansion, together with the change in 
physical structure of the surface metal, 
results in these tread cracks. A zone 
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develops which encourages and, at the 
same time, is highly susceptible to stress 
concentration. High local stress, fatigue 
conditions, and impact effects combine 
to increase the crack and if it is per­
mitted to extend it may cause a com­
plete fracture of the wheel, extending 
from the defect on the tread all the way 
to the hub. This is a reason for the sub­
stitution of a steel-tired wheel for the 
all-steel design in extreme cold cli­
mates. Here, while the wheel tread 
temperature is elevated during braking 
to a degree comparable to that experi­
enced in warmer territories, the hub 
remains much cooler, with a resulting 
intolerable temperature gradient for 
solid wheels. 

The service of railway car wheels has 
become progressively more exacting 
without corresponding study being ac­
corded to the capacity of 'wheels and 
rails to withstand the requirements of 
the service and difficulties to be met. 
Yet, because of many practical and' 
structural limitations, it has not been 

The bearinq is at a theoretical 
point. enlarqed by metal yieldinq 

possible for railways to compensate by 
employing larger wheels or enlarging 
the running contact wlth the rail by 
adopting broader rail heads. There are 
instances where a greater number of 
wheels could be applied to advantage, 
relieving the demands pel' individual 
wheel, reducing wheel maintenance 
cost, improving equipment utilization, 
and affording insurance against service 
failure, but such an expedient increases 
initial cost and adds to weight. 

In most cases, railways have pre­
ferred to suffer necessary maintenance 
expense, and to depend upon rigid in­
spection for security from accident. The 
records show their service to be out­
standingly safe but with a cost penalty 
suffered in many instances, an element 
that is being improved as, materials re­
search progresses. 

LATERAL LOADING - Thrust loads­
which in railway terminology means 
the side pressure exerted by the wheel 
flange upon the rail head-are inescap­
able but must, in' the interest Qf com­
fort and safety, be maintained below 
certain specified maxima. The magni­
tude of thrust loading at wheel flanges 
is judged only by lateral impacts trans­
mitted to car bodies and recognized in 
resulting riding qualities. Inasmuch as 
the flange guides the trucks along the 
rail "highway," excessive flange wear 
is sometimes taken to be a measure of 
that service performed, but more often 
it is an indication of questionable equip-

ment maintenance. Lateral loads on 
railway wheels introduce definite and 
severe bending moments within the 
wheels. These are relieved by yielding 
lateral restraint through swing hanger 
and spring devices, but they reach high 
values. The fact that wrought-steel 
railway wheels have been successfully 
continued in services many times more 
severe than those in which they were 
heretofore required to operate, yet still 
have offered a high degree of security 
against service failure, is indicative of 
the measure of safe performance which 
was originally incorporated in the de­
sign. 

MATERIAL SELECtIO�-Not far in the 
past the heaviest wheel loading gen­
erally practiced, plus the most severe 
heating effects experienced in braking, 
did not tax the capacity of wheel and 
brakeshoe materials or involve the rail­
ways in unusual maintenance expense. 
As long as this was true, there was 
little incentive seriously to investigate 
the possibilities of alloy substitutes for 
wheel materials or the potential advan­
tages to be secured by carefully con­
trolled heat treating. All this has 
changed. Molybdenum is now an in­
gredient in many railway car wheels 
used in exacting service; and the low 
carbon wheel, resistant to the origin 
of thermal cracks, is being made more 
suitable by precise heat treatment, care­
fully carried out. 

INTERNAL EFFECTS - Under vertical 
loading, intense shearing stresses are 
delivered simultaneously to wheel rim 
and rail-head metal in contact, subject­
ing them to crushing strains, compact­
ing the material, cold working the 
structure, and altering their physical 
properties. A chilled-iron or wrought­
steel wheel of standard tread contour 
bears upon a new rail head surface, 
or one worn in the customary man­
ner, over a limited area of contact. 
This is illustrated in an accompanying 
photograph in which a portion of the 
wheel is shown on a rail section. Al­
though the contact area theoretically is 
a point, that degree of perfection is 
never attained in practice. As the 
wheel tread becomes worn, its contour, 
starting with the standard taper of 1 
part in 20, becomes more nearly cylin­
drical; in which case the point of con­
tact is in fact not a point, but a line. 

The wearing of the rail head also has 
its effect in developing this condition. 
Add to the effect of wear, the strains 
arising from wheel loading, and the 
actual point of contact becomes an area, 
its size being governed by the physical 
characteristics of the contacting metals 
and the loading imposed. In the case 
of a 33-inch diameter wheel, bearing 
upon a new 100-pound rail, the initial 
contact area under 30,000 pounds load 
will be approximately circular in shape 
with a diameter of % inch. The meas­
ured area under this condition is ap­
proximately 0.30 square inch - a unit 
loading equivalent of 100,000 pounds 
per square inch. Surface wheel metal 
compresses under such conditions, and 
vertical flow within the metal has been 
measured at a depth of 0/8 inch. The 
separation of wheel tread metal is im-
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hillli[raftl!rs Model 5-36 
EXACTL Y five years ago - in 1940 - H�llicrafters introduced a very high 

frequency communications receiver with a range of 27.� to 143 Me. T his 
model was clearly five years ahead of its time in its anticipation of new and 
exciting possibilities for superior performance on the higher frequencies. 
Today Model S-36 stands by itself as the only commercially built receiver cov­
ering this range. It is outstanding for sensitivity, stability; high fidelity. With its 
extraordinary VHF versatility it is ready for immediate application in the ever 
widening fields of FM and higher frequency development work. Engineering 
imagination at Hallicrafters is':reaching out beyond the next five years, bc:yond 
the present known limits of radio technique so that Hallicrafters equipment will 
continue to be always ahead of its time, above and beyond your best expectations. 

eU1 A WI-R eON!> TODAYI 

5 RADI 
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minent - and the shelling o\1t of the 
wheel surface is to be expected under 
such circumstances. 

At the same time, flow in the raU 
head occurs. At 25,000 pounds wheel 
load, some compression with actual de­
formation occurs at a depth of 1f4 inch. 
At 15,000 and 20,000 pounds wheel 
loads, no deformation can be measured 
at 1f4 Inch depth but, whatever the 
load may be within the range of com­
mon installations, a ribbon of surface 
metal is affected and repeated use un­
der light load prepares both rail and 
wheel by cold rolling to receive heavier 
loading witliout damage. Just as a 
stiff rail distributes an individual wheel 
load over a distance embracing a num­
ber of ties, rather than transmitting the 
whole pressure to the tie or ties im­
mediately below the point of wheel-rail 
contact, so, in the rail, the effect of the 
cold-rolled surface is similarly to dis­
tribute the load throughout the rail 
head. The rail deformation previously 
referred to in connection with the 
wheel does not exist in a rail which 
has a cold-rolled and consequently 
hardened surface, in a degree com­
parable to a more yielding surface. 
Hence, loading stresses are distributed 
over a longer section of rail head. A 
similar effect must be obtained in the 
tread of a wrought-steel wheel if the 
initial loading can be lightened, per­
mitting the tread surface to roll to a 
suitable finish without overstressing the 
metal before applying the highest load 
that it will be required to sustain. 

WHEEL·RAIL CONTACT AREA - As the 
diameter of a wheel is increased for a 
given wheel loading, the area of wheel­
rail contact increases, and unit loading 
is decreased. In any case, the area of. 
contact increases with service as both 
wheel tread and rail head contours ad­
just themselves to the average condi­
tion. Moreover, contact areas increase 
proportionately with the magnitude of 
the load, indenting both supporting 
surfaces and tending toward the auto­
matic accommodation of whatever stress 
may be applied. It has been found that 
the load supported by locomotive driv­
ing wheels of 79-inch diameter is dis­
tributed over the measured area of 
contact with surprising uniformity. 
These are wrought-steel tires. On the 
other hand, the load carried by new 
33-inch chilled-iron wheels is sharply 
concentrated at the center of contact. 
The distinction relates to the size of 
the two wheels under consideration, 
and not to the material of which they 
are composed. 

While initial contact areas are of sub­
stantially circular configuration, the 
areas gradually assume elliptic forma­
tions with continued wear of wheel 
and rail. Actual intensity of maximum 
pressure in the rail head is greater 
beneath 33-inch, chilled-iron car wheels 
with customary loading than· beneath 
the heavily loaded driving wheels of 
63-inch diameter and over. In either 
case it can be shown that, because of 
verticil pressures alone, and with selec­
tion of unit wheel loads of the order 
commonly used, excessive stresses fre­
quently are experienced. By virtue of 
the nature and direction of this type 
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of loading, it is received and its reac­
tions are set up without danger in any 
but most extreme cases, and without 
involving sufficiently great· maintenance 
expense to demand correction. 

Were forces of like order delivered 
laterally, operation would be unsafe, 
since guiding along the rails would be 
seriously affected by excessive flange 
pressure against the rail head. Further­
more, this force would have a tendency 
to loosen the rail from its fastenings 
and, in extreme instances, the rail could 
be overturned. 

LATERAL STRESS IN RAILS - Lateral 
stresses in rails, delivered ·at the rail 
head and loading the rail section· at. a 
distance above its supporting ties equal 
to· raU height, arise from the position 
of the wheel on the rail head, as deter-

The wheel. an invention on which 
our modem civilization ia baaed 

mined by wear of the contacting areas; 
from the lateral sliding of wheels on 
rails permitted by the necessary clear­
ance between rail and flange; from the 
inclined installation (canting) of rails 
practiced by some railways to secure 
more liberal wheel-rail contact area 
when new wheel treads are given an 
initial taper; and from the guiding of 
wheel flanges on curves. The gradual 
super-elevation of the outer rail on 
straight track approaching curves estab­
lishes a type of lateral loading identical 
with that resulting from a canted rail. 
The amount of super-elevation of the 
outer rail on curves is established for 
a single speed and, if the actual operat­
ing speed is either higher or lower than 
the ideal, a similar lateral loading will 
result. If the speed is too low the re­
action is against the inner rail and, if 
too high, against the outer rail. 

WHEEL TREAD TAPER - The standard 
taper of 1 in 20 to which car wheels 
are formed introduces a lateral com­
ponent of negligible amount which 
presses each rail in an outward direc­
tion. Since this component and actl!al 
flange pressure cannot occur simulta­
neously, the effect of tread taper upon 
rail stresses neecl not be considered. 
Tread taper is furnished to provide a 
centering tendency of the wheels on 
the rails. To be most effective, a much 
steeper taper would be required and 
this in turn would increase lateral pres­
sure proportionately - a condition 
which, though undesirable, would be 

.evidence that the centering function 
was being served. 

When the matter of unbalanced 
wheels is treated, the natural reaction 
is to think of the locomotive drivers 
but, surprisingly, road tests conducted 
for the purpose of checking the magni­
tude of rail stress arising from driv­
ing wheel unbalance have disclosed 
that even higher dynamic blows may 
be struck by the wheels of heavily 
loaded tenders and freight cars.. Not 
only is the rail stress increased mark­
edly, but there is a tendency for the 
wheels to run hot .. Furthermore; a rail 
surface condition, termed rail corruga­
tion, may result from the intensified. 
rail pressures induced by the passage 
of unbalanced wheels at high speeds. 
The result is a noisy rail which is 
sometimes referred to as "roaring" or 
"washboard" track. The rail, its fast­
enings, and supporting structure are 
damaged, as is the equipment which 
moves over it. There are various minor 
causes for corrugation, but there is one 
basic condition which must be initiated 
if the phenomenon is to develop: syn­
chronized vibration with an accom­
panying overstressing of the rail metal 
Both rolling stock and track structure 
have definite periods of frequency of 
vibration, and if those frequencies syn­
chronize, corrugation will result. Add 
to that the increased stress caused by 
unbalance and the condition is ag­
gravated. 

SIGHT AND SOUND-In the past, when 
car inspectors with hammers came out 
and tapped wheels on passing trains 
during terminal stops, their ability to 
discover defective wheels and axles; as 
well as wheels loose on axles, became 
truly remarkable after experience. They 
depended entirely on the sound emitted. 
The . more . recent change from the 
"sound" to the "visual" method of in­
specting railway wheels and axles 
brings into clear distinction the differ­
ences in the technique involved to 
reach a similar goal. 

The later system did away with the 
reassuring sound of the inspector's ef­
fort and substituted one where sight 
and silence alone are depended upon. 
Elaborate means have been worked out 
to make this system work by employ­
ing depressed pits fitted with mirrors 
(no doubt a forerunner of an "elec­

tric eye" technique) where trained 
men with the most expert vision are 
stationed to discover defects in passing 
trains. 'rhe skill and the alertness of 
the crews assigned to this work are 
demonstrated every day by subsequent 
inspection of the units of equipment 
they have thus marked out for repairs 
and which might otherwise have caused 
a bad wreck. 

However, the method of tapping 
wheels, or inspection by sound· rather 
than vision, is still followed by some 
of our more northerly situated rail­
ways. The cold climate creates a higher 
heat gradient, or difference in tempera­
ture between parts of the _wheel, and 
thus increases the chance that wheel 
defects may develop. Also, the pres­
ence of snow and ice make visual in­
spection less reliable. Therefore the 
greatest precautions m�t be practiced in 
order to safeguard properly the equip­
ment and its integrity of movement. 
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SENSATIONAL WAR BARGAINS 

• 

UI LENSES & PRISMS 
All Items Finely Ground and Polished but Edges Slightly Chipped or Other Slight Imperfections 
which We Guarantee Will Not Interfere with their Use. All lenses neatly packed and marked for 

Diameter and Focal Length. 

DUB POLICY 
1. We are cooperating to move surpluses while the war is on. 

on WAR SURPLUSES 

2. Our customers receive full benefits of al1 savings effected through our 
purchases of 'war supplies. We do not bold merchandise for high present 
or future prices. 

3. We are making a special effort to bring our items to the attention of all 
Schools, Colleges, Amateurs. 

WAR SURPLUS ACHROMATIC LENSES 
Stock·No. Diameters Focal Length Comments Price 

inMMs. in MMs. 
6016-S 12 80 Uncemented 30¢ 
6017-S 12 80 Cemented 50¢ 
6018-S 15 41 Uncemented 40¢ 
6019-5 15 41 Cemented 60¢ 
6020-S 18 49 Uncemented 50¢ 
6021-S 18 49 Cemented 60¢ 
6022-S 25 95 Uncemented 50¢ 
6023-S 25 95 Cemented 75¢ 
6033-S 37 51 Uncemented 70¢ 
6074-S 37 130 Uncemented 70¢ 
FREE Cement and Directions included with all uncemented Sets. 
USES: - Use these lenses for making projecting lenses, low 
power microscope objectives, corrected magnifiers, substitute en .. 
larging lenses, eye-piece lenses, macrophotography, gadgets, optical 
instruments, etc., etc." etc.' 
RIFLESCOPE LENS SET #2000-S .. , ..... $11.00 Postpaid 
5 acbromats matched by manufacturer. Cemented, ready for con­
struction of fin", 3 Y, power '.cope which would retail up to $50.00. 
A rare opportunity! Full instructions included. 
COMPLETE SET OF MOUNTED PERISCOPE COMPONE'NTS 
Consists of two' fine Periscope mirrors mounted in metal and 
plastic for building a Periscope. Used for top and bottom 
extremities. Only plywood body frame is required to finish this 
exceptional unit. First surface mirror is well protected. by. glass 
window •. Set weigh. 20/.0 Ibs. Overall length of mOlUlt 6'0/6 inches, 
width 2 Ys inches. 

. 

Stock #700·S ... ,. $3.00 Complete Set Postpaid 
GIANT SIZE ROOF (AMICI) PRISMS 

1 Yo inches wide, 2 Yo inches long. Weight 3 Y2 ounces. Very 
limited quanti!y. 
Stock #3012-S " '.. . , . . $7.50 each Postpiad 
LENS SET 1 20-S "The Experimenter's Dream" 60 lenses 
with 50-page. illustrated booklet "FUN WITH CHIPPED 
EDGE LENSES" - $10.00 Postpaid. 
The variety of lenses in this set will enable you to conduct count­
less experiments and build many optical gadgets� 
50-PAGE ILL:USTRATED IDEA BOOKLET .... $1.00 Postpaid 
Describes wide variety of uses for our lense .. and contains much 
information especially designed for beginners in optics. 

TANK PRISMS-' 
In ()rder that the tank driver shall not get shot in the face, two 
of these Silvered Prisms are used to make a periscope {without 
magnification}. We have secured a number of these that are 
very slightly chipped, ma,king possible their sale at a very low 
price. They are 90-45-45 degree prisms of huge size - 5%" 
long, 2�" .wide, finely ground and polished. 

You can use. these Pris_ms to make Periscopes to see over the 
heads of crowds, fish under water, high or low gauges, inspec .. 
tion of machinery without climbing, for examination of bot 
metals without danger to eye or camera, etc. Also excellent for 
experiments, class-room demonstrations at high schools, col .. 
leges, camera clubs, astronomy clubs. Some of our in-geniou! 
cutoID.en have used these Prisms to make camera stereo 
attachment, photometer cube, range finder, etc .. 
Normally, these Prism. would retail from about $24 to $30 

-each. 
Stock #3004·S . . •  SILVERED TANK PRISM - Price, $2.00 
each Postpaid. Free Booklet on Prism. incl. 
Stock #3005.S ... PLAIN TANK PRISM - Price $2.00 each 
Postpaid. This one is excellent for projecting all 'the col�rs of 
the spectrum - a beautiful sight. Free Booklet on Prisms indo 
FOUR TANK PRISMS - Special $7.00 Postpaid •

•
. .  This 

is the most· sen.sational bargain we have ever been able to offer. 

WAR BARGAINS IN LENSES USED IN NAVY'S 

7 POWER BINOCULARS 

KELLNER EYE·PIECE LENSES with F.L. of 27.5 mm •. 
Comes uncemerited with free cement and easy directions. Edged 
Field Lens has diame.tu of 26 mms. and edged Eye Achromat 
a diameter of 17 mms. These are el<cellent for all sorts of 
telescopes. 
Stock #6061·S - Uncemented but Edged - $1.25 Postpaid 

ACHROMATIC OBJECTIVE LE'NSES with F.L. of 193 
mms. Have wider diameter than those used in Arm'Y's 7 power 
binocular. Excellent for telescopes. Diameter of edged lenses 
is about 52 mme. 
Stock #6064·S - Edged and Uncemented - Price $1.75 
COMPLETE SET OP LENSES AS ABOVE AND THE 
PRISMS TO MAKE A MONOCULAR (TELESCOPE) 
Stock #5100-S - S ••• Monocular Set • • •  $5.00 Postpaid 

LOW POWER MICROSCOPE LENS SET - (May also be 
used to make Telescope Eye-Piece,) Perfect Lenses, one with 
diameter of 9 DUnS., F.L of 20 1Ilbl.S., and one with diameter 
of 14 mms. and F.L. of 39 mms. 
Stock #1003·S - Price 70¢ - includes free copy of our 
Microscope Booklet. 

PORRO A BBE PRISMS-Stock #3006-S .. 25¢ each Postpaid 
Size 9 mm. x 17 mm • • • •  another war bargain. Normal prices 
would be 2 0· to 40 times above quotation. At this excePtionally 
low price., 'You shou.d purchas� a few of these, even though 
YOJ.! have no immediate need for them. Such a bargain will not 
be available long. 

MINIMUM ORDER $1.00 • SATISFACTION GUARANTEED 

-EDMUND SALVAGE COMPANY-.1 
27 W. CLINTON AVENUE DEPT. 7, P. O. AUDUBON, NEW JERSEY 
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IH OTHER FIELDS Conducted by The Staff 

Luxury On Rails 

In Ihe Coming Posi-War Scramble for Passenger Business. Ihe Railroads 

Will Rave Much 10 Offer. Pullmans Will Fealure Privale Rooms More 

Than Before. and Hew. Low-Priced Three-Tier Sleepers Will be Inlro­

duced. Moving Piclures' and Dance Music Will Enlerlain Travelers 

By HA RRY E. SCHADEN 

IN THE early 1930's the railroads of 
America were jolted into wakeful­

ness by the growing competition of the 
auto, the bus, and the airplane. To hold 
their own, they introduced air-condi­
tioned, streamlined, smooth-rolling 
trains which made travel by rail a 
pleasure even for coach passengers. 

Now the railroads are ready for an.­
other period of advances. On their be­
half, the nation's carbuilders have in 
preparation a series of innovations that 
will make their passengers comfortable 
both day and night, whether they are 
on a coast-to�coast jpurney or a short 
ride into the suburbs. 

All the improvements planned are a 
legacy of years of drawing-board work 
and laboratory experimentation. Neither 
railroad executives nor equipment 
manufacturers are given to radical 
changes that may be founded on 
whimsy. When one considers that the 
average modem lightweight passenger 
car costs $80,000, it is easy to under­
stand why engineers do not toy with 
car designs as a milliner does with hat 
styles. 

In order to get a down-to-earth view 
cif what the railroads want in the way 
of improvements, Pullman-Standard 
Car Manufacturing Company made an 
intensive survey more than a year ago. 
The company interviewed executives of 
71 railroads owning 92 percent of the 
nation's passenger cars. The survey 
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Above: Solid c:omfort in the three­
Iier sleeper the railroads plan to 
Introduc:e for lower-Inc:ome travelers_ 
Lower riqhl: :>urinq the day the new 
sleeper wlll be divided into seats 
set three In a row ac:ross the c:ar. 
Lower left: At niqht the c:ar wUl 
be made up so that eac:h triple tier 
of berths will divide into a sec:tlon 

showed that the railroads, regarded by 
many as ultra-conservative, had gone 
modem-minded -to an astonishing de­
gree. Most of the officials interviewed 
said they wanted more color in trains, 
newer and faster streamliners, more 
recreational facilities, improved baggage 
handling systems, better lighting, and 
bigger and better washrooms. In brief, 
they asked for modem trains. 

Some car builders already had an­
ticipated this trend and had plans for 
these kinds of improvements on their 
drawing boards before the beginning 
of World War II. One of the most inter­
esting of the new developments is prog­
ress in private room design. In recent 
years there has been a marked trend 
in this direction as passengers became 
acquainted with the extra comfort that 
private rooms afford at little added cosio 

TWO-STORY PULLMANS-Even the cost 
margin is reduced to a narrower point 
iri the new duplex roomette car, which 
is expected to become one of the most 
popular accommodations. Engineers, by 
using an ingenious staggering principle 
of design, have put 24 private rooms 
into the same space which earlier con­
tained only 18 roomettes of conventional 
design. The rooms are arranged on each 
side of a center aisle, with the lower 
room at aisle level and the upper one 
reached by two steps. 

-

The duplex roomette is an achieve­
ment in space conservation. Within its 
walls it contains most of the functional 
fixtures of a bedroom, living room, and 
dressing room. Each roomette has in­
dividual control of heat, light, and air 
conditioning, complete toilet facilities, 
electric shaving outlet, a large mirror, 
vacuum bottle for drinking water, and 
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a bed that is six feet, five mches long. 
The bed in the lower room, when not 

in use, slides under the floor of the 
upper room. The upper room bed is a 
fold-in-:-the-wall type which may be 
operated easily by the passenger. Beds 
are made up before the train leaves the 
station and the traveler can retire at 
any time without summoning the por­
ter. 

A CHEAPER SLEEPER-Comfort of the 
lower budget traveler is just as impor­
tant to' railroads as that of the man 

In this new day and night coach. leg 
rests pull out of the seat ahead to 
give a full.length sleeping surface 

who has unlimited funds. So this prob­
lem has been solved by designing a 
new car called the three-tier sleeper. 
Of entirely new design, it has more 
than 40 berths, compared with 28 in 
the average old type car. In the day­
time it is an attractive coach. Seats are 
all on one side, somewhat in the 
European fashion: At night, the car is 
converted into a sleeper, with each 
triple tier' of berths forming a sec­
tion. Each section has its own lavatory 
facilities with additional washrooms at 
each end of the car. 

-

That takes care of the situation for 
the traveler who desires a berth. But 
engineers have also kept in mind the 
day and night comfort of 'the passenger 
who takes cross-country trips in a 
coach type car. 

One of the principal objections to 
coach travel in the past was that it 
afforded doubtful comfort at night. 
Passengers did not rest well because 
they were unable to get their feet up 
level with their bodies; hence their 
ankles and legs were likely to swell. 
To eliminate this discomfort, Pullman­
Standard engineers designed a leg rest 
that pulls out of the seat ahead. It fits 
snugly against the seat and the oc­
cupant can recline as though he were 
on a chaise longe. Semi-privacy is af­
forded by window draperies which may 
be converted at night into curtains 
separating each pair of seats. Spot-type 
lights enable a passenger to read with­
out disturbing other persons. 

THREE-DECKER COACm:s--:-Trains of to­
morrow will include another innova­
tion-the three-decker coach. Again 
engineering skill has shown its hand 
in the utilization of every cranny of 

space. The car - is built on three levels 
so that it can carry 112 passengers in­
stead of the 70 to 76 in the usual car. 
It has two washrooms at each end, plus 
provisions for air conditioning. As a 
favor to bridge players, the car has two 
card nooks, complete with tables. Lug­
gage compartments take care of bag­
gage that heretofore has cluttered up 
aisles. 

When the engineers turned their at­
tention to the dining car, again they 
had comfort and efficiency in ntind. The 
problem posed in this iDstance was how 
to eliminate congestion. in the aisles 
and at tables and reduce noise and con­
fusion. Most of this was achieved by re­
arranging the seating plan. 

It was learned that, by placing the 
tables diagonally, service was acceler-

To maintain the definitio.n 
that will reveal individual 
railro.ad ties f ro.m an altitude 
o.f five miles, each lens ele­

ment in o.ur Army's and Navy's high flying 
aerial cameras has to.'represent the highest 
o.f precisio.n o.ptical standards, In additio.n, 
the cement that ho.lds these elements to­
gether must be resilient eno.ugh to. with­
stand frequent extreme changes in tem­
perature witho.ut disso.lving, melting, o.r 
crystallizing • • • temperatures ranging 
fro.m the extremes o.f substrato.,sphere Co.ld 
to desert heat. 

That's why Bausch & Lo.mb chemists de­
velo.ped the low-temperature lens cement 
that is used to.day in many o.f the o.ptical 
instruments Bausch & Lo.mb makes fo.r o.ur 

.armed fo.rces and which, in the Po.stwar 

ated and interruptions caused by ar­
rivals and departures reduced to a 
minimum. The arrangement permlts 
waiters to step between tables -when 
serving, eliminating congestion in the 
aisle. Other innovations include vibra­
tionless tables, spot-ray illumination, 
linen storage at each table and intercar 
telephone communication. Shelves along 
the wall hold water bottles, creamers, 
and sugar bowls. 

FUN FOR TRAVELERS-In the belief that 
a passenger's holiday should begin the 
moment he steps on a train, a recrea­
tion-lounge car has been designed. In 
the middle is a bar, a powder room, and 
a small compartment housing a motion 
picture projector which flashes news­
reels and short subjects on the rear 

Wo.rld, will assure yo.U o.f better, Io.nger 
lasting o.ptical equipment. 

Whether yo.U are planning the future 
purchase o.f new o.ptical instruments o.r en­
larged usage o.f yo.ur present equipment, it 
will.pay yo.U to. discuss yo.ur o.ptical pro.b­
lems with B&L no.w ... to acquaint yo.ur­
self with the pro.ducts o.f co.ntinuing re­
search and develo.pment here at o.ptical 
headquarters. Bausch & Lo.mb Optical 
Co.., Ro.chester 2, N. Y. 

BAUSCH & LOMB 
EST A 8 LI 5 H E.D 1 853 

• 
Makers of Optical Glass and a Complete Line of Optical Instru ments for Military 
Use, Education, Resea rch, Industry, and E yesight Co rrection and Conse rvation 
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The roomy interior arrangements of 
the new three-decker commuter coach 

of a screen facing the back half of the 
car_ Chairs and divans arranged on eac):l 
siqe of the car by day, swing on pivots 
into the aisle at night and face the 
screen, so that this section of the car 
becomes a small movie theater. 

At the other end of the car, facing 
the bar, padded seats fold up against 
the wall at night, leaving space for a 
dance floor as large as that of an av­
erage night club. A phonograph record 
player in the movie projection room 
provides music. 

RADIOSONDE 

Advances Knowledge of 
The Upper Air 

, HE TECHNIQUE for exploring the up­
per atmosphere has been advanced 
greatly by the Chronometric Radio­
sonde Meteorograph of Simmonds 
Aerocessories. The unit comprises a 
"shoebox" which goes up by balloon 
and descends by parachute for safety. 
An alternative and perhaps more 
striking name for the new device is 
"The Weather Broadcaster." The aver­
age limit of ascension is between 50,-
000 and 60,000 feet, the range 6f flight 
may be many miles, and the length of 
flight from one to three hours. When 
the balloon breaks, the flight instru­
ment- floats to earth suspended from 
its 'chute, and bears a note offering a 
nominal reward for its return. The 
number of radiosondes returned de­
pends upon the location of the flight 
and the ruggedness of the territory in 
which the landing is made. 

The Chronometric Radiosonde Me­
teorograph contains three weather 
"feelers" sensitive to changes in tem­
perature, humidity, 'and atmospheric 
pressure. A simple alarm clock mecha­
nism keeps a recording helix continu­
ously revolving. The radiosonde also 
carries a miniature high-frequency 
radio transmitting set consisting of a 
single tube and an ordinary meteoro­
logical' battery. The whole is carried 
aloft by a five-foot latex balloon. 

A bi-metallic thermometer is used 
to _ register temperature changes; 
changes in humidity are registered by 
the hygrometer which consists of a 
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These improvements probably will 
be the most effective sales argument 
the railroads will have in making their 
bid for future business, but new "hid­
den" mechanical devices also will do 
much to add to riding comfort. For 
example, one car manufacturer has de­
veloped a new kind of truck to provide 
a cushioned ride and a new hot-box 
alarm to increase safety. Other devel­
opments- include a new high speed, 
electrically activated brake and a new 
lock coupler, both of which will reduce 
jerking and jolting when a train starts. 

When will thest! new devices be put 
in use? Carbuilders today are con­
cerned -primarily with the job of pro­
ducing their share of war materials and 
rail equipment essential to victory. 
Many factors must be weighed in de­
termining when they will get the green 
light for their new prodl,lcts. 

The important point is, however, that 
when the time does arrive for railroads 
to begin replacing their worn-out 
equipment, manufacturers will be pre­
pared to open the throttle and start 
production of cars with improvements 
which they know will give the rail­
roads a fair start in the coming battle 
for transportation business. And it all 
means that the public will get the best 
bargains it has ever had in travel com­
fort. 

single human hair; a two-stack aneroid 
capsule registers changes in atmos­
pheric pressure. 

There are five styli-three movable 
according to changes in temperature, 
humidity, and pressure. The three 
weather styli move up and down the 
helix as they are moved by the hy­
grometer, the thermometer, and the 
aneroid capsule. Signals are made by 
electric contacts of the styli with a 
spiral wire on the helix. The timing of 
the signals from the three movable 
styli is measured in reference to those 
from the two stationary styli, or so­
called reference styli. The instrument 
is completed by the transmitter which 
sends signals to the recorder on the 
ground. 

A recorded chart conies out of the 

InteriOif of the new radiosonde, show­
ing the hygrometer unit at the top 

recording apparatus where it is spread 
over a drum, around which is wound a 
raised wire corresponding exactly 
with the helix in the meteorograph 
aloft. The paper passes under a sheet 
of carbon paper and a steel bar. This 
bar is tripped every time a signal is 
received. Since the drum in the re­
corder on the ground and the contact 
apparatus in the meteorograph in the 
air are both revolving at the same 
rate of four times a minute, and since 
their helixes correspond, the move­
ments of the styli in the meteorograph 
are recorded on this paper. These re­
cordings contain complete records of 
temperature, humidity, and pressure 
changes. The instrument is carefully 
checked ,before use, in a flight chamber 
simulating conditions of flight up to 
70,000 feet. 

Hundreds of launchings like these 
can be made from strategic points 
throughout the country, and the as­
sembling of records helps in' giving 

Recording helix 0'1 the radiosonde is 
under the flat arm in center of photo 

a highly accurate forecast of weather 
conditions. The radiosonde is undoubt­

;edly a far superior device for weather 
forecasting than kites, passenger bal­
loons, or high-flying airplanes. 

While the radiosonde is not new and 
the first experimental launchings were 
made at Harvard University as early 
as 1935, its latest form as illustrated 
is vastly improved. Its use for military 
purposes is obvious. Its possibilities in 
civil aviation and in other types of 
weather forecasting are equally valu­
able and all the advances made in 
weather forecasting in war-time will 
sooner or later serve in peace-time.­
AX. 

DIE·LESS DUPLICATING 

Permits Economical Forming 
Of Small Metal Parts 

, HE PREPARATION of dies for forming 
small metal parts has always been an 
expensive and time-consuming task for 
manufacturers. This is all the more true 
when dies are used for short produc­
tion runs or for making parts for ex­
perimental purposes., The' war, with 
its acute shortages of skilled workers, 
especially die makers, and intensely 
accelerated production schedules, has 
made more acute than ever before this 
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problem of dies used for duplicating 
small parts. 

A solution to this problem has been 
found by many . manufacturers whose 
products require small metal parts. 
They dispense with the need for dies 
by using a number of hand-operated 
duplicating tools which are capable of 
quickly and accurately forming metal 
into intricate shapes and outlines. 

This system of die-less duplicating, 
named Di-Acro, employs shears, brakes, 
and benders as its basic units. Women 
or ordinary unskilled male labor can 
easily. be trained to operate them with 
a high degree of proficiency. These 
tools are adaptable'to production-line 
work where they can be used to obtain 
a continuous daily output in large vol­
ume. They are also extremely useful 
in test rooms and engineering depart­
ments for bUilding experimentallJlodels 
and testing materials for stress and 
fracture. 

The Di-Acro shear is a precision tool 
for a wide range of work too light for 
·the floor type foot-operated instrument 
and too heavy for the hand-operated 
scissor type shear. 

The bender is a precision bending 
unit. In addition to forming a wide 
variety of metal pieces, eliminating the 
need for special blanking or forming 
dies, it can be used to create shapes 
and outlines impossible to obtain on 
regular production dies. 

These tools, used in conjunction with 
the brake in a continuous integrated 
production process, permit the speedier 
and more economical production of 
small metal parts. Now used widely 
in war production, it is expected that 
they will find a growing place in the 
manufacture of civilian goods when the 
nation returns to a peace-time economy. 

ROCKET FLIGHTS 

St;!en by Expert on 
The Post-War Horizon 

"T RANSATLANTIC rockets are unlikely 
in this war, but rocket planes making 
flights from London to Paris will ma­
terialize in the not too distant future," 
according to Alfred Africano, former 
President of the American Rocket So­
ciety,· and now engaged in confidential 
war research as Assistant to the Direc­
tor of Research,. Allegany Ballistics 
Laboratory, in an address deliverE;!<i be­
fore a, meeting of the Metropolitan 
Section of The American Society of 
Mechanical Engineers. Explaning why 
transatlantic rockets were unlikely now, 
Mr. Africano said the speed required 
to propel them would necessitate the 
use of 26 pounds of fuel for every 
pound of final weight in the rocket, 
"obviously .impraCtical to build." 

"To get the 3000 mile effective range," 
he said, "and assuming the 4000 mile 
vacuum range, the required velocity 
i!i shown to be almost five miles per 
second, or the speed that a body needs 
to keep flying in a circular path around 
the earth as a satellite at the ,500-mile 
level." 

As for the three-step rocket in which 
fuel tanks are thrown' off as fuel sup­
ply is exhausted, proposed in 1911 by 
Dr. ,Andre Bing of Belgium, this also 

Ingenious New 

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

New Electroaire Power Unit Converts 

Standard Drill Press to Automatic 
This exact control over feed and retraction speeds 

permits ready conversion of a standard drill press 
with tapping head into an automatic. tapping ma­
chine, capable of producing Class III threads, even 
with comparatively unskilled operators. By adjust­
in� speed to conform to the lead pitch of the threads 
bemg tapped, the tap will cut without forcing threads, 
and on the reverse the tap will actually "/loat" out of 
the part with no strain against the tpread angle. 

Air-powered jigs and fixtures can be opened, closed, 
and indexed by the Electroaire Power Feed. The unit 
can be set for a pre-determined number of cycles so 
that multiple holes can be drilled in the same piece 
without ejection. by means of an indexin� fixture 
controlled! and synchronized by t·he Electroalre Unit. 
One operator can run as many as two or three drill 
presses, turning out top-quality work with few rejects 
and with a minimum of tool breakage, thus effecting 
a great savings in time. 

Present stockpiles of finest quality materials used 
in the manufacture of Wrigley's Spearmint chewing 
gum are now exhausted-necessitating discontinu­
ance of production. When a supply of proven mate­
rials-known to be up to the finest standards of 
quality-is again available, Wrigley's ,will resume 
production-And Wrigley's Spearmmt will be back 
to again help you on your job. In the meantime they 
are manufacturing a war bra,nd. Wholesome but 
not excellent enough for the Wrigley brand name. 

You can get compkte information from E1ectroline Manufac­
ttlring Company, 1975 East 61st Street, Cleveland 3, Ohio 

Set 14) to punch 3 holes simultaneously 

Shows holes beinq drilled 
automatically 

Z-55 

is impractical, Mr. Africano believes. 
"The weight ratio increases as a power 
of the number 'of steps," he said,· "so 
that"the three-to-one ratio would re­
quire about 2500 tons initial weight to 
send just 'one ·ton over the Atlantic. 
Even a war could not justify a 5,000,­
OOO-poundprojectile at a cost of any­
where from ten to a hundred million 
dollars.j��t: to deliver one ton' of TNT 
in a' ¢neIriY.;co).mtry. It is also imprac­
tical,becal1se "even if the energy '. re­
quireni�nt·can. be met, the. !nitial d�­
age· to' the surrounding countryside at 
the launching stage· from" the burning 
oPlOO,OOO pounds' of, fuel a second for 
only a five times gravity acceleration 
might be a hundred tiIIies greater than 
that inflicted by the one ton of explo­
sive delivered in the enemy country." 

equation I have derived for 'the rocket 
plane shows the range to'be,propor­
tional to the square of the jet gas veloc­
ity, as expected, as this is a measure 
of the available horsepower of the jet. 
The range is also linearly proportional 
with the velocity ratio. Thus, for cur­
rent practical value of the constants, 
the range might be .only 157 miles at,a 
low speed such as 670 miles an hour, 
314. miles at double that speed, and· so 
on, up to a maXimu,m, of .�1400 ' miles 
when: the'rocket plane speed equals the 
jet' gas 'speed of 5400 miles per' hour. 
The crusing level for this high speed 
would be at 30 miles altitude." 

In discussing the rocket plane, Mr. 
Africano said: "The maximum range 

Summing up the"" practical possibili­
ties of the rocket plane, Mr. Africano 
concluded: ,"While military applications 
of jet propulsion engines are now pos­
sible, as everyone knows, the subject 
is still in its infancy as far as commer-
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cial and peace-time applications are 
concerned. With adequate support of 
research and development after the 
war it is my sincere conviction that 
the rocket flights to London and Paris 
we have so long just talked about will 
finally materialize, and not in the too 
distant future." 

MICROWAVES 

Useful for Television 
And' Other Applications 

IATION-WIDE television hook-ups 
through microwave radio stations· 20 
to 100 miles apart all over the country 
were predicted as an immediate pos­
sibility as soon as the war is over by 
Dr. George B. Hoadley, in charge of 
the instructional microwave laboratory 
at the Polytechnic Institute of Brook­
lyn, at a recent meeting of the New 
York Electrical Society. 

While the principles on which na­
tional television networks could be 
ac1;lieved have long been recognized 
by scientists, Dr. Hoadley explained, 
it took the war to bring about the de­
velopments which will hold down the 
microwaves to the defined and limited 
beam necessary to operate station 
links. These links will be placed across 
the country at 20- to 100-mile intervals 
and in parallel bands 150 to 200 miles 
apart, much as. the several transcon­
tinental railroads now span the coun­
try, making it possibl� for any event 
of national interest to be televised into 
homes throughout the country. 

The advantage of microwave links is 
th� fact that communication can be 
achieved with relatively less trans­
mitter power than would be required 
for broadcast service; however, micro­
wave boosters still are necessary to 
link television stations because the 
range of the short waves they utilize 
is bounded by the. optical horizon. 

Release by the military of informa­
tion and the imagination of American 

industrial designers will be the two 
detennining factors in the uses to 
which microwaves will be put in the 
post-war era, Dr. Hoadley pointed out. 
Possible applications, he said, may 
be to increase the availability of radio­
telephone communication, now threat­
ened by interference between exist­
ing stations. It will be necessary to 
go to higher and higher frequencies 
and to evolve new schemes to get 
around this interference. Another use 
will be. for spanning water gaps by 
telephone companies to eliminate cost­
ly and' delicate sunken cables. In fact, 
Dr. Hoadley added, a microwave relay 
station can be set up at any point where 
it will. eliminate costly constrllction 
and maintenance in carrying through 
telephone poles and wires. 

FOOT- REST SEAT 

Foreshadows Greater Comfort 
In Railroad Coaches 

SOME of the passengers on one of the 
Seaboard Airline Railroad trains these 
days are experiencing a new comfort 
in coach seating accommodations. Four 
experimental seats with foot and leg 
rests have been installed for tests and 
travelers' reactions. 

The new seat, designed by the Ed­
ward G. Budd Manufacturing Com­
pany, is patterned along the lines of 
the steamer chair, but is actually even 
more utilitarian. The central arm rest 
has been doubled in width as con­
trasted to the standard dividing arm 
rest, which is usually half the width 
of the outside arm despite the fact that 
two passengers have to use it. 

The foot rest, in one position, is simi­
lar to a hassock . . When swung on its 
pivot against the seat occupied by the 
passenger, it supports the feet and legs 
and enables the traveler to enjoy com­
plete relaxation. The seat and foot rest 
occupy 52lh inches of space. They also 
enable a traveler to sleep on his side 

More comfort ID the raUway c:oach 

or to curl up in the seat and still have 
support for the knees and legs. 

Each leg rest contains a pocket into 
which can be placed for safety and con­
venience a woman's large pocketbook, 
shoes, or small packages. 

PREFORMED PLASTICS 

Has Tensile Strength 
Equal to Steel's 

SUCCESSFUL development of a "missing 
link" in the family of plastics-a tough 
high-strength material easily formed 
into complex shapes-has been accom-

AD airplane tail fillet made of Dew 
liqht but stronq preformed plastics 

plished by Westinghouse, according to 
Dr. A. Allan Bates, manager of the 
Chemical and Metallurgical Depart­
ment. 

"Heretofore, plastics have been 
roughly divided into two classes," Dr. 
Bates says: "those that could be molded 
into shapes easily, but had little 
strength, and those with great strength 
but little moldability. This new plastics 
has both strength and formability to a 
degree never before achieved in a single 
plastics material." 

Called "preformed plastics" because 
it is shaped roughly to finished form 
before it is finally molded by heat and 
pressure, the new material weighs only 
half as much as the aluminum alloys 
used in airplane construction, Dr. Bates 
states. It is so strong that a one-inch­
square bar can stand a pull of 16,000 
pounds, equivalent to the tensile 
strength of structural steel. 

"After the war," the Westinghouse 
scientist says, "this plastics will be 
available for use in hundreds of new 
products now made of wood or metal­
radio and refrigerator cabinets, automo­
bile doors, dashboards and other body 
parts, luggage, cameras, furniture, type­
writer framj!s, filing cabinets, and many 
other articles." 

Millions of tiny wood fibers, the 
same kind of c�llulose fibers as in 
ordinary wrapping paper, give the new 
material its strength, he explains. Under 
heat and pressure-these fibers are tight­
ly locked together with a varnish-like 
resin to give the finished material its 
steel-like strength. 

Dr. Bates is shown in the accorn-
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panying photograph with one of the 
first experimental pieces made by the 
preformed process-a gracefully-curved 
airplane tail fillet which resembles a 
giant man's spat. He says that bullet­
shaped covers for airplane propeller 
hubs have also been made experi­
mentally. 

BOX CAR 

Has Complete 
Aluminum Exterior 

sions and then hot-twisted to the de­
sired spiral .. The spiral is produced by 
roll-forging and twisting, instead of 
cutting on a milling machine as in the 
regular drill. 

In addition, twisted drills are stronger 
than the conventional type. There are 
three reasons for this: the web, or 
center section of the drill, is of uniform 
thickness; the twisted drill has better 
physical properties, since the grain lines 
in the metal are not cut at spaced in­
tervals, but curve with the spirals like 
the twisted fibers in a rope;' the neck 
of the shankless drill is toughened by 
heat-treatment so that it will "give" 
slightly, thereby cushioning the shock 
of sudden torsional strains. 

On numerous jobs the twisted drill 
can produce more holes because of its 

SUperior strength; in addition, it is less 
easily broken and has a higher scrap 
recovery value. More important, when 
a twisted drill wears to its shortest 
usable length, it can be butt welded to 
another short drill and, after the weld is 
ground and polished, restored to use. 
Salvage experts frequently weld three 
or more short drills into a single drill. 
This salvaging operation is peculiar to 
these drills. Conventional drills with 
milled flutes cannot be butt welded 
properly due to their tapered web. 

Twisted drill manufacturing tech­
nique is relatively simple. The stock 
used is purchased in the form of round 
rods. These are heated to a high tem­
perature, then placed in a form rolling 
machine. This produces a straight sec­
tion, resembling the shape of a finished 

, HE FIRST American railway experi­
mental box-car having a complete alu­
minum exterior has been designed by 
Great Northern Railway and Aluminum 
Company of America 'engineers. It is 
equipped so that it can be used for 
high-speed express service on passenger 
trains. ,--------------------------------------------------------------------

Another "first" for the new car is use 
of a reflective material for monograms 
and lettering on the aluminum exterior. 
By using this, words, numbers, and 
monograms on the sides appear as 
though internally illuminated and are 

, readable,when lights shine on them at 
night. 

The reflective material is "Scotchlite," 
made by the Minnesota Mining aI),d 
Manufacturing Company. It consists 
of millions of small glass spheres coated 
in a synthetic resin for protection 
against weather and water. The ma­
terial, in sheetform, is applied to the side 
of the car 'by means of a water-proof 
synthetic resin adhesive. The tiny glass 
spheres return the light toward the 
source of the beams shining on them. 

Parts of the new car which use high­
strength aluminum alloy are outside 
sheathing, roof, corrugated ends, .doors, 
floor protective doorway plates, "W" 
corner posts, running boards, brake 
step, and other parts. Roof, ends, side 
sheets, and doors are assembled with 
aluminum alloy rivets. 

The car weighs 43,500 pounds. Sav­
ing in weight due to use of the alumi­
num is 4057 pounds. Aluminum in the 
car weighs 3722 pounds. 

TWISTED D RILLS 

Are Demonstrating Many Advan­
tages Over Conventional Types 

MANY tons of <critical, high-speed steel 
have been saved during, the war emer­
gency by the .widespread use of twisted 
drills in thousands of American fac­
tories and 'machine shops. 

A workable method for making 
twisted drills 'was developed at the 
Rouge plant of ,the Ford Motor Com­
pany after salVage experts took steps 
to reduce th� 50 percent waste of ex­
pensive, high-speed steel bar stock 
that accompa¢es the manufacture of 
conventional drlHs. 

The first twisted drills were made at 
the Rouge plant some years ago. Ad­
vantages of the shankless twisted drills 
are many, with ease of.manufacture and 
low cost among the most important. 
Conventional drills are machined from 
solid bar stock, an operation that con­
sumes time besides producing waste, 
while twisted drills are made from roll­
forged stock of predeterDlLned dinlen-

To make a die from 
thick metal on the 
Shaper calls for large starting 
holes. Then, cutting toot moves 
up and down, removing one chip 
on each downward stroke. 

It takes the DoALL only 1/12 
as long to make the same die, 
and the center is removed in one 
usable piece. 

boALL Contour Sawing Ma­
chines are a ttmust" in every up­
to-date metal working depart­
ment 

• For internal and external cutting. filing. 
poli$hing 

• Handles metals. alloy.s. plastics, .Iamlnates, 
wood 

• Saws blocks up to a foot thick 

DOES THIS JOB 
IN �2 THE TIME 

• Cuts SO ta 100 shapes from· stacked sheets at 
the lame time 

• Produces short runs of "forgings" (3 dimen­
sional shapes) 

• Makes special tools, parts, cams, templates, 
etc. 

Send for interesting booklet sh1Jwing DoALL Advantages over 9 Basic Cutting 
Methods. 

-Inill .... ,.. ... 
T 

"'"'" D.; ""'''''' .... .... ' .... , .. , .... ., powo .. MEJAltU,GY 

� r�.�� . �Y.fj � � ��,�,,�' f51 .an; �� � ':JIY w:.. A '''''HI � • � IJrJfd (I�� 

UoALL 
INDUSTRY'S NEW SET OF TOOLS 

CONTINENTAL MACHINES, INC. 
1316 s. Washington Ave.. Minneapolis 4. Minn. 

Sd:C!S &: Service Offices: Ba:llr.:(He. B:rml!l()ham, Boslon. Chicago. Cincinnal!. Cleveland, Denver, Delroil, Erie, Grand 
Rap::is, Hartford. Houston. IndianapolIS. Los Angeles, Milwaukee. Minneapolis, New York. Orlando, Philadelphia Pittsburgh, 

PrOVidence. Rochester. Rockford, St. Louis, San FranCISco, Seallle, Syracuse, Toledo, Tulsa. 
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drill without a spiral, sufficiently over­
size to permit finishing to size later on. 

The drill, still red-hot, then goes to 
the twisting machine. Here the proper 
spiral or "lead" is produced. Next the 
long, twisted shaft goes to the cut-off 
machine for cutting into whatever 
lengths are desired. The drill is then 
rough-pointed, heat-treated, tempered, 
and straightened. It is sandblasted, to 
remove any remaining scale or rough­
ness, the flutes hand-polished, and it is 
then placed on a centerless grinder 
for finishing to a specified diameter. 

To complete the operation', the drill 
then goes to a finish point grinder, 
where a cutting edge is ground and the 
point shaped, following which it is in­
spected for flaws and workmanship 
and the size etched on the driven end. 

COPPER MAN 

Replaces Humans in 
Cold-Room Tests 

A LIFE-SIZE "copper man" which re­
produces the temperature response of 
the human circulatory system ha's been 

Parts of the "copper man:' which reo 
produces human body temperatures 
for laboratory research on cloiliinq 

developed as a test machine for electri­
cally warmed flying suits and other 
similar equipment at the Bridgeport, 
Connecticut, plant of the General 
Electric Company. There he will spend 
a lot of time in the cold room in sub­
zero temperatures. In time he will also 
contribute to the development of the 

17& 

new automatic blanket which General 
Electric has scheduled for manufacture 
after the war. 

Only by "cut and try" methods and 
by testing which involved people sit­
ting for long hours in a cold room at 
as low as - 60 degrees, Fahrenheit, 
were the garments developed that have 
made high-altitude. bombing possible. 
In this work with electrically warmed 
clothing and blankets for fliers and 
their implements, cold chamber test­
ing is so vital that it was deemed 
highly desirable to. develop a mechani­
cal device that would simulate the 
reactions of the human body. Hence 
the full-size copper man which dupli­
cates almost exactly the human tem­
perature system and provides the per­
fect scientific answer to the problem 
of testing electrically warmed flying 
suits, gloves, shoes, and blankets at low 
temperatures without inflicting suf­
fering and danger on human beings. 

General Electric's copper man is 
5 feet 10% inc.hes tall and has a copper 
"skin" 1/16 inch thick. A complicated 
system of electric wires is con'nected 
with separate areas of the copper head, 
torso, hands, and feet. 

It is necessary for the human body 
to generate sufficient heat with which 
to keep warm. The temperature of the 
different parts varies considerably. For 
example, the face and hands, which are 
normally more exposed, may vary over 
a wide range of temperature without 
harm or discomfort, whereas the torso 
must be kept at a relatively uniform 
temperature. . 

The value of the copper man is that 
he has been so wired and circuited 
that he practically reproduces the 
varied heat of different parts and mem­
bers of the body. His body has been 
divided into 15 areas, the amount of 
energy to each area being subject to 
individual control. His temperature 
can be made to vary' from sub-normal 
to above normal. 

The copper man represents many 

refinements over similar devices previ­
ously used for low-pressure, high-al­
titude testing. He has two main tricks. 
First, by maintaining a desired tem­
perature equivalent to the human 
body, the results can be determined 
for any kind of garments worn by 
him under any atmospheric conditions 
by measuring. the energy input to­
gether with the surrounding tempera­
ture. Thus it is possible to tell what 
clothing is adequate under given at­
mospheric conditions. Second, the con­
trols can be set so that the energy is 
equivalent to that of normal metab­
olism less exhaled heat. In this case, 
the copper man represents man at 
rest and it can be determined how 
much clothing to put on to keep him 
warm. 

Recognizing the importance of de­
veloping better hand and foot protec­
tion, the Aero-Medical Laboratory at 
Wright Field had General Electric 
make four separate hands and four 
separate feet and remote control 
.equipment for them. With these it 
should be possible to determine pre­
cisely the proper distribution of heat 
applied to various parts of the body 
and the amount of heat necessary with 
various outer clothing and surrounding 
temperatures. 

NYLON INSULATION 

Applied to Wire 
At High Speed 

A NEW nylon compound offers a tough 
abrasion-resistant substance for sheath­
ing cables or for the manufacture 
of tubing. Among its advantages as a 
coating for wire are heat-:resistance and 
its imperviousness to attack by practi­
cally all solvents. Ignited by a free 
flame, the nylon ceases to burn when 
the flame is removed and is therefore 
self-extinguishing. 

Du Pont laboratories have extruded 
nylon jackets seven mils in thickness 

Adjustinq one of the controls on the "copper man" 
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at rates of over 1000 feet per minute, 
according to Dr. J. W. Shackleton of 
the company's plastics department. "A 
tube of nylon is extruded and laid 
snugly over the wire, the wall thick­
ness being controlled primarily by the 
wire speed. Nylon has been proposed 
as a sealing compound to fiP. the inter­
stices between individual wires in a 
multi-strand cable and for use as a 
barrier layer between materials in the 
cable which might contaminate each 
other." 

MAGNESIUM WINGS 

Point Way Toward Post­
War Flight Economies 

AIRPLANE wings fabricated entirely of 
magnesium have been in flight for more 
than a year on navy training planes, 
it was revealed recently by J. C. 
Mathes, of The Dow Chemical Company, 
speaking before a meeting of the 
American Society of Mechanical Engi­
neers. 

"While the use of magnesium alloys 
in aircraft has increased during the 
war to the extent that the average fight­
ing plane now utilizes approximately 
half a ton of this light metal, the use 
of all-magnesium structures represents 
a new departure in aircraft design," 
Mr. Mathes said. "I am convinced that 
our success with these wings fore­
shadows all-magnesium airplanes in. the 
very near �ture." Since magnesium is 
one third lighter than aluminum, such 
planes would be notably lighter than 
present types, a factor which would do 
much in making air transportation more 
economical. "If we can save a few hun­
dred pounds in plane weight we can carry 
that many more pounds of pay load 
with no increase in operating costs," Mr. 
Mathes said. "The saving of.a single 
pound has been estimated .as worth $100 
a year on a commercial plane." 

MATERIALS TESTING 

Must Take Into Account 
All Stresses to be Met 

METALS and materials get tired just 
like human beings. They wear out in 
much the same way. In· a' way, they 
"get diseases," although not as humans 
do. For some years industry has been 
trying to find out how much certain 
materials can stand by using compli­
cated testing machines. 

Up to the present most materials 
testing has been static testing-that is, 
a bar 'of steel would be tested as it 
was, regardless of what modifications 
might later be made in its shape or 
size. Industry has found these 'tests 
useful, but not good enough. There­
fore, dynamic testing came into wide 
use. 

Dynamic testing is simply testing 
metals or other materials in actual 
use. For instance, to test bridge strains, 
models can be made' which can be 
subjected to vibration up to the point 
of actual collapse. This work will show 
what happens under actual stress. Or 
-and this is something automobile 
manufacturers constantly seek-vibra-

Searehing lor Hidden 
IOunees in the Food 

Paeking Industry • . .  

An efficient, low cost meat 
canning operation. Armour"s 
famous TREET on EXACT 
WEIGHT Scales-Armour & 
Co., Chicago. Ill. 

Net Weight - 12 ounces. You have seen it many times. 
Putting food in cans or packages in accurate weights requires 
skillful plant management, the right equipment, and watchful 
operators. A quarter ounce overweight in one can is un­
important but a hundred thousand quarter· ounces over­
weight is ruinous. In volume production you package your 
profits with the goods. EXACT WEIGHT Scales catch these 
overweights containers • • • ferret out those ounces one by 
one. Not only are profits protected but packaging is easier 
and faster. Engineers with such problems are invited to write 
us for details for solving these problems. 

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

Dept. Ad., 1104 Bay St., Torovto, Canada 

tory tests can be made on an actual 
automobile to test parts until they fail, 
to show whether certain parts will give 
satisfactory life expectancy. 

In an automobile, as scientists point 
out, it is not necessary that a rod or a 
gear last forever. The car itself will 
not. But it is important to be sure that 
any given part will last as long as the 
car itself-or close to it-allowing for 
normal wear and tear and sometimes 
excessive stresses or impacts. 

While static tests can test materials 
separately, the real conclusions can be 
found only by dynamic testing. These 
apply not alone to cars and bridges, but 
to railroads, locomotives, busses, and 
almost anything used in commerce Qr in 
the home--even to sweepers, electric 
irons, gas stoves, or toasters. 

Higher speeds in present-day ma­
chinery and transportation have am­
plified the importance of dynamic forces 
as a factor in design. Studies made in 
England by Aitchison showed that 95 
percent of the failures in automobile 
parts were caused-by dynamic forces. 
Hardly any machine part failures inves­
tigated by RQSS of Sweden could be at­
tributed to static forces alone: 80 per­
cent were caused by repeated stress, 
and the remaining 20 percent involved 
impact. A complete knowledge of the 
b'ehavior of materials as well as struc­
tural shapes and assemblies under 
dynamic forces is thus an acknowledged 
necessity in modern engineering. 

Machinery for making such tests of 
materials ranges from strain gages, no 
larger than a postage stamp, to four 
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million pound monsters. Intimately con­
nected with the design and construc­
tion of such a wide variety of equip­
ment is the Baldwin Locomotive Works, 
reported to be the manufacturers of 
more testing machinery than any other 
company in the United States. 

STAINLESS STEEL SHOT 

Used to Clean Castings 
of Similar Metal 

WHERE cleaning and finishing of fer­
rous metal castings is performed by 
means of' blasting with steel balls or 
shot, the repeated impacts of the steel 
pellets against the castings result in a 
fine deposit of steel dust being worn 
away from the pellets and deposited on 
the casting surface. 

This, of course, makes no difference 
in carbon or low alloy· steel and iron 
castings, but obviously when a surface 
layer of ordinary steel is deposited on 
stainless steel, it renders the surface 
subject .to corrosive attack, thus de­
stroying the primary property of the 
stainless alloy-its corrosion resistance. 

The Cooper Alloy' Foundry Company, 
producers of corrosion- and heat-re­
sistant alloy castings, when confronted 
with this trouble, promptly developed a 
remedy by' using shot, . punchings, or 
filings o� stainless chromium-nickel 
steel for blasting and tumbling castings 
of similar compositions. 

These stainless pellets perform their 
primary duty as efficiently as. ordinary 
steel; yet the deposit which wears off 
and deposits on the casting is homogen­
eous with the casting material itself, 
and hence equally resistant to corrosion. 
-Nickel Steel Topics. 

MULTIPLE FLAME·CUTTING 

Takes on New Job 
in Steel Plant 

, HAT MULTIPLE flame-cutting is mak­
ing notable strides into new fields is 
evidenced by the simultaneous produc­
tion of three heavy frames of intricate 
design from a single 40-foot hot rolled 
Lukens steel plate. The key to the suc­
cess of the job is in the awareness and 

intelligent appraisal of factors which 
affect adversely the accuracy of such 
flame-cutting and in the applica,tion of 
counter-measures to eliminate such fac­
t0rs. 

The feat is being performed daily at 
By-Products Steel Corporation's plant, 
where three sizes of these frames are 
cut from five-inch thick carbon steel 
plate which has a tensile strength of 
75,000 pounds per square inch. Hun­
dreds of such . frames . are being pro­
duced for railway locomotives, most 
of which will be used as lands are freed 
in Europe, to restore transportation 
facilities destroyed by the Nazis or in 
bombing raids. 

CUT·OUTS 

Are Readily Applied to 
Any Surface in the Home 

READY-PASTED cut-outs, a new and 
colorful type of decoration for plain 
and painted surfaces, are the latest in­
dustria] offerings to amateur home dec­
orators. These cut-outs are velvety-soft 
and blend richly against the surfaces 
on whicK they are used, giving a hand­
Golored, craftsmanlike effect, rather 
than the hard, enameled look which 
some other types of decorations give. 
The blended colors used are harmoni­
ous, yet sharp and brilliant. This color 
harmony is the product of skilfui de­
signing imd painstaking printing, and 
result in colors that will blend with al­
most any interior color scheme. 

Fadeproof and washable, these cut­
outs need only be dipped in water and 
then applied to the surface to be deco­
rated. Each one comes on a sheet scored 
all around; ready to be "popped out" 
of the background. The pieces are small 
and easy to handle, and no special 
equipment is needed-just a basin of 
water and a soft, clean cloth. You first 
press the design out of its perforated 
paper background, then pin it in place 
in order to judge the effect. Remove 
the pins and dip the piece in water to 
moisten the adhesive on the back, and 
press . it against the surface you are 
decorating, patting it with a cloth. It 
will not dry for a few minutes, and you 
can �djust it while it is still wet by 

Flame cullers in action. with template at the riqht 
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Only a few of the many possible ap­
plications of ready-pasted cut-outs 

sliding it to adjust the position. Your 
own imagination can be your guide as 
to placement, although suggested uses 
as well as detailed instructions are in­
cluded with each cut-out. 

If you should want to remove one 
of the cut-outs and change the pattern 
in accordance with a change in your 
decorating scheme, the cut-out can be 
removed by soaking thoroughly and 
peeling it off. Or if you are using- a 
cut-out on a .surface which will receive 
much wear, a quick coating with shel­
lac or clear lacquer will assure special 
durability and washability. 

A RTIFICIAL EYES 

Have Improved Qualities 
When Made of Plastics 

A NEw all-plastics artificial eye which 
rivals a buman eye in color and ap­
pearance, can be dropped w�thout 
breaking, won't corrode like glass, and 
can be re-shaped, if necessary, to pro­
vide an exact fit, has been announced 
by the American Optical Company. 

First of its kind to be made com­
mercially, the new synthetic eye is 
molded from acrylic resin, one of the 
newer plastics, and production has al­
ready been inaugurated_ "Prior to the 
war," the company says, "millions of 
glass eyes had to be imported from 
Germany to fill American needs. How­
ever, development of the new plastics 
eye ends the reliance of the United 
States on foreign sources for artificial 
eyes." 

The new plastics eye, it is claimed, 
is unique for two reasons. First, it is 
made entirely of non-irritating plastic 
materials and, second, · its iris is re­
produced by a photographic print. Both 
of these improvements are new in 
respect to commercially-made eyes and 
give the eye its radically new prop­
erties_ 

The new plastics eye is said to be 
more lifelike than a glass eye. For 
example, the photographic reproduction 
of the iris is realistic, the black dot of 
the pupil being located naturally, deep 
in the eye, instead of close to the 
surface as in glass eyes. 

If dropped, fragile glass eyes may 
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shatter or chip, and if subjected to 
sudden temperature changes they may 
explode in eye sockets. Their average 
life is from six months to two years 
while the new eye, because of its 
plastics composition, is practically un­
breakable and will last many years. 

Once a glass eye has been made, it 
cannot be altered. The new plastics 
eye, however, can be re-shaped by 
grinding to fit the eye socket comfort­
ably, and it does not have to be re­
moved at night, thus helping to main­
tain the shape of the eye socket. 

Non-irritating to th� socket's tissues, 
the plastics material of the eye resists 
color fading, corrosive action of eye 
socket secretions, and changes in tem-

Glass eyes cannot be altered after 
they are made: new plastlc eyes 
can be qround to fit If necessary 

perature. It also reflects less light than 
a glass eye, and is therefore less glassy 
in appearance. 

The plastics eye is made in three 
parts. First, the sclera, or white por­
tion of the eye, is molded from a 
translucent plastics. Then a round 
recess is cut into it for the iris. Next, 
the iris button, which contains a photo­
graphic reproduction of a real iris, 
properly colored, is made and inserted 
into the scleral recess. 

In the final operation the sclera and 
iris button are put into a mold and an 
overlay of transparent plastics is added. 
Under the process the three pieces fuse 
and the finished product is a one-piece 
all-plastics eye. 

WATER·PROOF MAP PAPER 

Retains Writing Qualities 
After Soaking and Washing 

PAPER that does not disintegrate when 
wet is one of the products developed 
under the stimulus of war needs that 
will become an accepted convenience 
of everyday life in the future. At pres­
ent it has. many military uses, one of 
the latest being for maps. 

Developed by the Army Map Service, 
co-operating with paper manufacturers 
and the National Bureau of Standards, 
for use under rigorous combat condi­
tions, the new map paper has greater 
strength than paper used formerly for 
this purpose. It retains its durability 
after being soaked with water and oil 
and after being trampled in the mud, 
and later washed with soap and water. 

Even when soaking wet, the paper has 

satisfactory writing and erasing quali­
ties. In addition, it has excellent print­
ing qualities and meets all the require­
ments of map paper. 

The . current requirement of- more 
than 10,000,000 pounds a month is being 
turned out by mills all over the coun­
try. Pulps from eastern spI1lce, south­
ern pine, western hemlock, and the 
jack pine of the Great Lakes are being 
used with equal success. 

FLOATING REF RIGE RATOR 

Can Supply 53 Tons 
Of Refrigeration Daily 

, HE first all-concrete refrigerated cargo 
carrier, a floating ice-box which is 
supplying United States troops with 
fresh food, is now in action somewhere 
in the South Pacific. 

Engineered and equipped by the 
York Corporation with a unique cold­
storage system for fresh meat and 
produce, the new refrigerated barge is 
one of three such vessels to be built 
for the United States Army in the 

yards of the Concrete Ship COIll?truc­
tors. More than 1000 tons of fresh 
meat, fruits, ice, and ice cream were 
carried on her maiden voyage. 

At sea, the floating refrigerators will 
perform the same job for the Army 
as mobile land commissaries, supply­
ing food for fighting men and ice for 
emergency treatment of wounded. The 
ships will be camouflaged and moved 
into position during attack on main 
islands. Until the island is secure and 
permanent refrigeration installed, they 
will maintain a supply line of provisions 
between sea and shore. After initial 
operations are completed, they will be 
towed to the next scene of attack. 

First barge of its type ever built, the 
new vessel is 265 feet long with a 48-
foot beam. The concrete walls of the 
hull are five inches thick. Reported 
refrigerated storage capacity amounts 
to 122,000 feet and includes a plant 
capable of turning out 500 gallons of 
ice cream a day. Another plant pro­
duces 5 tons of ice daily. All together 
the_ ship produces 53 tons of refrigera­
tion every 24 hours. 

PREC/S/OJV 
- AS VITAL IN WAR AS IN PEACE 

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

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

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

N E W  C ATA L O G  
Now Ready-Write for Itl 
Illustrated In full color - showing all types 
and sizes of South 
Bend Lathes. En­
gine Lathes, Tool­
room Lathes with 
�dl1�";8�;;� ��� cisionTllrret�ttlC9 
with �" and 1" col­
let capacity. Ask 
for Catalog IOO-D. 

Lathe Builders for 3 8  Years 

B E N D  LAT H E  WORKS 
EAST M A D I S O N  STREET • S O U T H  BEND 22, I N DIANA 
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WHAT SIIOU ... 
YOU INVENT 

Our FREE BOOK tells you what to­
day's inventive market want�how to 
put down, patent and sell your ide .... 
Scores of letters in our files attest to 
the modern demand for inventions-­
our long experience as Registered :Pat· 
ent Attorneys will help you. Get our 
FREE BOOK, "How to Protect, Fi. 
nance and Sell Your Invention." Also 
special document free, "Invention Rec­
ord" on which to sketch and describe 
your invention. Write today. No obligation. 

McMORROW & BERMAN 
Patent Attorneys 

175.1 Atlantic Bldg., Wash,ngton 4. D. C. 

The Binary Slide Rule 
equals a 20 inch straight 
slide rule In precision. 
Has 0, CI, A, K, LOll, LLI, 
LL2, LL3. LL4, Binary. 
Gives Trig functions to 
Add and Subtract Scales 
I minute from 0 to· 90 
degrees. The englne·dl· 
vided scales 8re on white 
enameled metal.' Perma­
nently accurate. Dla, 8��1/·. 
Large figures and gradua­
tions eliminate eyestrQ.ln. 
ExceptIonal value and. 

utility. PrIce with Instructions $5.00, cash or 
C.O.D. Durable case 80c extra. Circulars free. 
Your money back if you are not entirely satisfied. 

Gilson Slide Rule Co., Stuart, Fla. 
Slide Rule Makers since 1915 

Balance 4" x 9" Base. With either Metric or 
Avoirdupois weights ..... .. . ...

.. .. $6.00. 
Catalog with 300 illustrations of laboratory 
apparatus sent for 7S¢. Catalog listing 10,000 
chemicals, drugs, herbs, minerals, etc., and 
listing 1600 Scientific books 2S¢. Catalog 
listing 100 scientific books in detail 1o¢. 

LABORATORY MATERIALS CO. 
7317112 Vincennes Ave. Chicago (21) Ill. 

A�Pf�CO�-� 
SIMPLIFIES 
PHOTOCOPYING 
A·PE·CO makes photo· 
copying a simple, speedy, economical, and 
error-proof process. Same-size photo.-exact 
copies - one, or as many as you want -
made right in your office - anytime, by 
anyone! No darkroom-no technical train· 
ing is needed. A·PE·CO produces legally 
accepted, permanent copies direct from any­
thing written, typed, printed, drawn, or photo· 
graphed-even if on both sides. A·PE.CO * �ves BIGGEST results at LOWEST cost! 

GET THE FACTS-TODAY! 
You should

' 
learn why A·PE·CO has 

become America's Most Widely Used 
Photocopy Equipment-how it speeds 
and simplifies copying work for all de· 
partments! Write ·us today! 

AMERICAN PHOTOCOPY EQUIPMENT COMPANY 
2849 R�j,��:.'��=�� ���·iP��;&:. �����!d4,;.llinois 
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New Products 

MARKERS 

DEVIas which can be used to print 
or mark boxes, crates, cases, and so 
on, either in a continuous strip or with 
single impressions, have recently been 
placed on the market by Adolph Got­
toscho, Inc. 

These Rolamarker units are avail­
able in sizes that will print information 
to users or manufacturers' identification 

Boxes and crates marked quickly 

from two inches to ten inches wide. 
They can be applied to. asbestos, cloth, 
cheese, composition board, plastics, and 
similar m<lterials. 

The Rolamarker for single impres­
sions is equipped with a return mecha­
nism so that after the imprint is made 
,and the unit is removed from the sur­
face being marked, the die drum auto­

. maiically will return to the starting 
position. 

Permanent dies or interchangeable 
type may be used in these markers. 
They are all automatically inked by 
rollers. 

TAX CHART 

A SIMPLIFIED withholding tax chart de­
signed to help office managers and ac­
countants to make, easily and accurate­
ly, payroll deductions under the tax law 
effective January 1, has been prepared 

For Ilqurinq payroD deductions 

by Delbridge Calculating Systems, Inc. 
It is published in four editions cov­

ering weekly, bi-weekly, semi-monthly, 
and monthly payroll periods. In addi­
tion, each of the four charts shows daily 
and miscellaneous deductions for 
periods from one to six days inclusive. 
No multiplication or addition is re­
quired in using these charts. 

BAnERY CHARGER 

PRODUCTION of a new large-capacity 
automatic copper-oxide battery charger, 
for charging electric truck batteries, 
is announced by General Electric's ap­
pliance and merchandise department. 

This combination charger has simpli­
fied controls and a D.C. contactor. It is 
capable of charging 30 nickel-alkaline 

Charqes electric truck batteries 

or 24 lead-acid battery cells. It IS de­
signed specifically for applications 
where both lead-acid and nickel-alka­
line batteries are employed. 

The charger takes up little room and 
can be installed anywhere in the op­
erating territory of the trucks that 
three-phase A.C. power is available. 

The internal control panel of the new 
charge'r is clearly laid out to enable 
even an inexperienced operator to make 
adjustments. Name plates show the 
method for changing the charging rate, 
the one-step operation of line voltage 
adjustment, and the battery-cell ad­
justment. 

The D.C. contactor prevents batteries 
from discharging back through the 
charger after the A.C. input has been 
turned off or fails. The charger auto­
matically shuts off when the charge is 
completed. When desired it can be shut 
off manually before the charge is com­
pleted. 

SAFETY SURFACE 

DESIGNED for use in any plant or fac­
tory where floors may become wet and 
dangerously slippery, a new floor brick 
incorporates an abrasive baked into the 
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surface. This new floor surface material, 
known as Empire Emri Tread Floor 
Brick, is made with a clay base and is 
!ired at high and carefully controlled 
temperatures. It is impervious to water 
and is not subject to attack by acids or 
alkalis, except at a very slow rate. 

The surface of the brick is given a 
hon-slip surface by the abrasive, thus 
not only reducing the danger of fall­
ing but giving workmen a foothold 
which makes it unnecessary to shorten 
�teps or brace themselves, as has to be 
done on slippery surfaces. 

LUBRICANT 

A NEW lubricant is being manufac­
tured for all types of internal combus­
tion engines such as steam and gas 
engines, turbines, air compressors, truck 
engines, vacuum pumps, and so on. 
When added to any type of lubricat­
ing oil, it produces a "super-lubricant," 
will not settle out or segregate, and 
cannot be extracted by any filter. 

Bearing the trade name Gibraltar 
Oil Concentrate, the new product is 
said to prevent formation of hard 
carbon on valves and rings when used 
in air compressors and internal com­
bustion engines. It gives better spread­
ing or wetting action to the lubricant 
treated and actually penetrates the 
pores of the metal, according to its 
manufacturer. Cylinder walls pecome 
saturated with oil and, when the walls 
heat up, the oil exudes from the pores 
of the metal, giving instant lubrication. 

ELECTRONIC GAGE 

AN electronic gage is now available 
which permits inspection of dimensions 
having very small tolerance limits, at 
low cost with inexperienced operators. 
In this Foote-Pierson instrument, 
gaging is performed electronically and 
is not accomplished through the use of 
low-frequency magnetic fields nor does 

Unskilled help can read the dial 

it depend on the position of make and 
break electrical contacts. Variations in 
the position of. the mechanical contact 
point are magnified sensitively, ac­
curately, and conveniently by means 
of the electronic circuit. The gage is 
provided with both indicator dial and 
with limit lights. 

The indicator dial may be used when 
it is desired to determine how much 
the dimension varies from the specified 
tolerance and for selecting workpieces 
according to their dimensional varia-

tions. The indicator dial is also used 
when setting the gage. The limit 
lights provide an extremely rapid 
means of' inspection. Any one of the 
three lights tells instantly the status of 
the dimension: green means accept­
able, red oversize, and yellow under­
size. Only one mechanical means for 
setting to within plus' or minus .003 
inches is required, since the wide range 
electrical zero adjustment covers the 
full scale of plus or minus .003 inches; 
easily permitting a final zero setting 
even on the most sensitive scale. 

One master only is required and this 
master need n'ot be to the exact dimen­
sions specified. As long as the gage 
block or master is within the range of 
the indicator scale being used, the gage 
can be set exactly to the specified 
workpiece dimension. 

The gage is set by means of simpl� 
radio type knobs; approximate loca­
tion of the sensitive contact point is 
obtained manually by means of the 
lead screw which lowers or raises the 
gaging head. The gaging head can 
also be swung 180 degrees in either 
direction by rotating the column. 

DIAMOND BURS 

SPECIALLY graded diamond dust, from 
80 to 500 grit, impregnated in a special 
alloy metal bond, makes the Oscap dia­
mond bur a low-cost means of super-

Cuts with diamonds 

finishing cutting edges, form tools, 
drawing or press dies, as well as of 
internal or external lapping of small 
holes and gages. It can be used on 
high-speed steel and high temperature 
alloys such as stellite, rexalloy, or the 
hardest grades of cemented carbides. 

The diamond bur has a supercharge 
of diamonds below the regular .050 
depth of impregnation, resulting in long 
cutting life because it will continue to 
cut after its regular cutting surface is 
worn away. When the outer cutting 
surface is WQrn away, the lower layer 
of diamonds comes into cutting range. 

PLASTICS COATERS 

Two SMALL plastics coaters are now 
available for melting and maintaining 
ethyl cellulose and other plastics pro­
tective coatings in which parts and tools 
are dipped. The new models were de­
signed for use by manufacturers of 
small parts or tools for coating prior to 
shipment, or for shops that want to 
protect their own precision cutting tools 
and gages while in storage prior to use. 

Manufactured by the Youngstown 
Miller Company, each coater has a 
pump arrangement which provides con­
stant level in the dip tank and con­
tinual removal of surface film and 
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to start a smaD 
. . . ortrain 
trade in w you 
take your first steP. cost or obligation. 
Just mail coupon-and by return mail you will 
get full information on the courses listed here. 

watch and clock repairing 
YOURSPAREnME. Prepare 
a happy future of prosperity. 

��C:�¥oti c����ii� ��'�\r�� 
LEARN. Excellent field for part­
time work at home. PRACTICAL 

COURSE IN HOROLOGY 
Thorough self - instruction 
training in American & SWi8� watches, clocks. SScecial sec ... 
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Amazing Low Pricel Money·Back Guaranteel 
Get into tliis fast·growingfield NOW • •• big�opportunity. 
Mail coupon below for FREE Information. Noobligation. 

locksmithing and key making 

practical RADIO servicing 
SELF·INSTRUCTION COURSE 
Teaches you the p�sideof radio 
•• • repair, adj\lStment,. operation. alter-
�g:\�,:b/:;:::� t:::;:�\��: 
illustrations. diagnmIs,. charts, ete. 
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HAIR 
CAN NOW BE SAVED 

"GIVE YOUR HAIR A CHANCE" Is the amazing 

book byJ.. W .KING, Sc.B. on d.ndrllff, baldn •• s, 
thinning-and graying hair. Much usable informa· 
tion.- Ohio S tatt M rdicat Journal. Best invest· 
ment.- Scitnu Education. Debunks hair fads.­
Sci entific American. Scicn tifie fact.-Sun5tt 
Magazine. Without commercial bias. - Teaching 
Biologi5t. Book of a sci"e-ntist.-Homt Acrts. Enor .. 
mous assistance.-Pictorial RnJi�. Practical.- Sci­
Inu Ntws Lett"_ Saves your hair, II 
=� :::'�"Yi.=\t::�Y"lg��t=ci fee � /1M 
COpy 0' t� is new, authent i c  instruc- � � �/ __ ._.a 
tion on how to save your ha ir. 6th "' 1AIJIIlC 
prin ting.Promptrefund U not helped • ./oliII,;;;;:';';;"::':=",""" m Electric Heating Appliance Ellment' • 

Repaired. N ichrocite Paste il Used. 
• , _ To let at otherwlle In_ble --

placel, In toaster.. IroDs, over­
head elementa In ove,,", tumaces 
etc. Simply overlap enell apply 
Nlchroelte Paste and tum on cur­
rent, Used by lafle utility com· 
pany. oeneroua trial order U.OO. , .... ft.IO, 1 pound ".00. 

ADVANCE MFG. & DI51. CO. 
Dept SA.Box 861, Minneapolis, Minn. 

Experimental and Model Work 
PIne lnatrumento and Pine Alachtnery 

In ,enUonl Developed 
�clal Tool •. , Die .. Gear Cuttlnc, lite. 

HENRY ZUHR, Inc •• 117 Lafayette St •• N.Y. 13. N.Y. 

Army Auction Bargains 
Musket screwdrivers, 3 tor •. 30 
Flints, assorete, 10 for 1.00 
Krag rear sight, Model '92 1.00 
Cadet cart. Box. black .30 
State buttons, 5 different for .75 
Carbine boot. 13 Inch, black .40 
Web cart belt. cal. 50. bar buckle .40 
Prices do NOT Include postage. 1945 circular 
showing these and many other articles mailed 
tor 3¢ stamp. 

FRANCIS BANNERMAN SONS 
$01 Broadway New York 12. N. Y. 

ACHROMATIC OBJECTIVES =: D¥,Ieter 1= F� �, �ce �:= 
:aomm " 5Omm " .. .. 1.00 

��;t �ace ��ra':�\,�J'x �;718' Ug 
Bend tor tree Ltat 

MAYFlOR PRODUCTS CORP., Katonah, N. Y. 

• . .  For Pleosure ond Profit! 
It you have a workshup-at home 
or In buslnt�ss-you nt'cd tbls new 
\Varnpr Electroplatei'. At the stroke 
of an electrified brush. you can 
electroplate models a:nd projPC'ts­
you can rcpiate worn articles. fnu­
c('ts. tools, ftxlures, silverware. et(� 
With a durable, sp:\rkllng coat ot 
metal ... Cold. Silver,. Chromium. 
Nickel, COPPcTorCnc..lmlum. Method 
Is easy. Simple. Quirk Everything­
furnished - E"Qulpment rompl(>te. 
ready for usC'. By dOing a bit oj work 

jor others. your rnacllinf' can pay jor 
11sel/ U'ttll1n a u'ccli. So make your 
shop complete by getting a \Varner 

���Cl��P��i[lll�\tP'tt a���I��: 
tratt"d Hterature. ACT AT ONCEr 

�:::!� ���T:�;. ����,,�Ei.Til.t?S. 

360 N.Mkhlpn.Chlcaco l,DePt. A·7 J 
l�ree Sllmple nnd Drtnil1i to: • 

I ------------------------------- : 
, Adilr... I 
I CflV Slatt I 
� _______________________ --J 
HI? 

bubbles caused by dipping. In addition, 
oil jackets the sides and bottom of each 
tank. Oil and plastics are thermostati­
cally controlled so that the electric 
heaters are shut off when either reaches 
its ceiling temperature. 

AIR STERILIZER 

T HE MOST recent model "Hygeaire" 
unit for air sterilization employs a 
General Electric germicidal tube to 
project intensified ultra-violet rays 
across living or working areas above 

Kills air·bome qerms 

eye level. A scientifically designed re­
flector provides both optimum intensity 
and diffusion of the rays that are lethal 
to air-borne bacteria. The unit may be 
recessed into the wall, or suspended 
from the wall or ceiling. 

Because more than 85 percent of the 
ultra-violet energy output of this new 
unit is of the germicidal wavelength 
(2537 Angstroms) it will assist indus­
try in combating absenteeism caused 
by cross infection in offices and plants. 
The unit is made by American Sterilizer 
Company. 

PARTS PROTECTION 

lEW methods for the protection of 
precision machined parts and sensitive 
surfaces are appearing in industry. 

Thread protectors and dust caps for 
the protection of threaded and ma­
chined parts have been put on the 
market by Precision Paper Tube Com­
pany. They are made of spiral-wound 
fiber, kraft paper, or c�llulose acetate, 

Sharp edqes are kept sharp 

under heat-treated compression. They 
are designed and constructed for dur­
ability in protecting fittings and ex­
posed openings and ends from moisture, 
rust, dirt, or damage in packing or 
shipping. 

These protectors are shaped to the 
article to be safeguarded-cylindrical, 
square, rectangular or tapered, crimped, 
flared, or perforated�with tolerances as 
close as ±.003". The name of the part 
and number, as well as the name of 

manufacturer can be printed on the 
protector. 

Another example of protection is be­
ing practiced by the Wendt-Sonis Com­
pany in the safeguarding of carbide 
tipped tools in transit, stock-room, or 
tool-room bin by applying a strong 
plastics coating to each tool immediately 
after final inspection at the plant. 

This hard 'and durable covering re­
mains in place until inspected by the 
purchaser and then it can be slipped 
back over the tool tip to achieve per­
manent protection in the tool bin. Al­
though the covering is air-and-moisture 
proof after initial application, it will not 
leave any gummy residue on the work­
ing surfaces when removed from the 
tip . 

STRAIGHTENING PRESSES 

A LINE of hydraulically operated and 
accurately controllable presses has been 
designed for straightening both finished 
and rough work. The presses incorpo­
rate many of the construction and op­
erating features which have contributed 
to the successful operation of Colonial 

Pressure is reqistered on qaqe 

Broach Company's other machines and 
assembly presses. 

The machines are of reinforced 
welded steel construction with built-in 
motor and with a direct-acting hy­
draulic cylinder built into the head of 
the machine. Sensitive control is pro­
vided through light-pressure hand 
control and foot pedals. A pressure gage 
mounted on the head of the machine in 
front of the operator indicates the 
exact pressure being applied to the 
workpiece. 

Straightening fixtures are equipped 
with either center or roller-type work 
supports according to whether finished 
cir rough work (such as forgings, upset 
shafts, and so on) is to be straightened. 
These supports are mounted on a long 
guide rail which is particularly useful 
when long shafts are to be straightened, 
because they will prevent possible sag­
ging of the work beyond the work 
anvils. 

DRAWING COMPOUND 

A DRY drawing and annealing com­
pound applied as a waxy, aqueous 
emulsion, is announced by the Plasteel 
Corporation, and has been used with 
success in the deep drawing of brass 
and steel. The compound is applied 
in varying strengths in either drum or 
spray type mechanical washing ma-
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Senti for FREE UTERATURE on . ��ENT.' r, 
AND TRADE MARKS, .: 

C.A.SNOW,"CO. 
Reg. Palent Mlorne1s Sin" 1871 

430 Snow BIde. Washlnctoft 1. D. C. 

Valuabl. Fur. Dellclou. Meat. 
Easily RaIsed. Pleasant '.dl .... 

r ...... ndou. Demo ..... 
Small Investment. LaIge ,refit. 

Olhr Yau Security & 
Indepenclenc 

•

• 
WILLOW BROOK fAIM 

R93, Seli.nvill., P •• 

ikBUY MORE WAR BONDS* 

TECHNIQUE OF PLYWOOD 
By CHARLES B. NORRIS 

Plywood demand is skyrocketing in 
the production of wartime housing 
airplanes, boats, and other defense 
needs, yet specific information on the 
material itself is difficult to find. Here, 
between the covers of a plastic-bound 
bO,ok, haS been gathered technical in­
formation on all phases' of plywood 
manufacture, specially written for en­
gineers, designers, and users of ply­
woOd. (249 pages 5 by 70 inches, 
tables and drawings.)-$2.50 postpaid. 

FOR SALE BY . 
SCIENTIFIC AMERICAN 

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

ScieDtiDc American's 
two telescope hooks 

AMATEUR TELESCOPE 

MAKING .nd 
AMATEUR TELESCOPE 

MAKING-ADVANCED 

were prepared before the war, with. 
out the .tightest thought of sale to 
prof_ion"" Came the war. Hun· 
dreds of new optical, industries 
.prang up. Fewer amateurs found 

'tUne to make telescopes yet sales of 
these books increased! Investigation 
of .ale. revealed that the new indus· 
tries were buying them by the hun· 
drede 

For their Officials 
For their Technical steft. 
For their Workmen 

Why? 
Becaute the basia of precieion pro· 
duction in optics are essentially the 
eam. for amateur and professional 
.rib... Today the two books are in 
nearly eyery optical indtutry'. ollices 
in the nation. They "rate." 

Amateur Telescope Making $4.00 
pOltpaid, domesti�; foreign $4.3S 
Amateur Teleacope Makinlt-Aci· 
van� _S.OO ._�c; foraip _'.3' 

SCIENTIFIC AMERICAN 
. , 

2. W.t ... It., I •• y.t I" I, T, 

chine at an operating temperature of 
175 to 185 degrees, Fahrenheit. 

The coating contains sufficient an­
nealing compound to prevent the for­
mation of hard mill scale during an­
neal, but does produce a thin, porous, 
protective scale that is easily removed 
in subsequent pickling, leaving. a clean, 
scale-free' piece. 

The pieces can be drawn as they 
come from the washing machine with­
out the use of a coolant or added lubri­
cant. This gives a· final product that is 
smooth and clean. 

EXPLOSION.PROOF MOTOR 

A NEW explosion-proof electric motor 
is totally enclosed in a bronze casting 
with removable screw cover and 
adapted for conduit mounting. It can 
be supplied in various shaft speeds, 
voltages, and frequency. Said to be 
explosion proof by its manufacturer, the 
Warren Telechron Company, the new 
motor was developed primarily for use 
in connection with automatic controls 
used ' in industrial processes where 
atmospheres contain explosive vapors. 

RHEOSTATS 

MANY types and sizes of continuously 
adjustable carbon rheostats formed of 
carbon disk piles are being manufac­
tured by the Stackpole Carbon Com­
pany. Simply by changing the pressure 
applied to these piles, every possible 
resistance value within their range' is 

made available without opening the 
electrical circuits in which they are 
connected. The pressure to vary the 
resistance to the most critical adjust­
ment may be applied electrically, me­
chanically, centrifugally, or hydrauli-

Pressure chanqes the resistance 

cally. Uses range from both generator 
and line voltage regulator applications 
to speed control through governed field 
current on motors. Many other pro­
jects incorporating the carbon pile re­
sistor are now in the development 
stage. 

METAL DEGREASER 

A METAL degreaser and cleaner c0n­
taining a finger-print and body-acid 
neutralizer is being manufactured' by 
the Colonial 'Alloys Company. Even the 
most ,c,arefully cleaned and handled 

A" CO.dit\O •• • • • �O�� U.der C .. "to 

e\&U1'S 
o�'( .. 

.... tA\)"� 
1'0 RELIABLE COP' 

c; Man's isolation under adverse condi-
tions has ended with recent radio de­

velopments which overcome the trying conditions 
of land, air and sea transportation. Among the 
things that have made this possible is Amphenol 
eqUipment that will carry the hiqh frequencies 

without appreciable 108s. 
"Amphenol" on hiqh frequency cables 

means the best of polyethylene insulated 
cable-sold under affidavit 01 exacting teals 
and inspections .. "Amphenol" OD low-Ioas 
connectors means the minimum of 10S8 in 
tight fitting, secure connections. On both 
it means transmission equipment that will 
do its part toward providing the clearest 
possible transmission -and reception of com� 
munications even under adverse conditions. 

AMERICAN PHENOLIC CORPORATION 
Chicago 80. IlUnoi • 

In Canada-Amphen91, Ltd.-Toronto 
U.H.F. Cables and Connectors. Connectors (A·N. British) • Con­
duit • Cable Assemblll$ • Radio Parts. Plastics for Industry. 
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PIlE 
POCKET 

MICROSCOPE 
Equipped with fully 
Achromatic lens sys­
tem 40X 50X 60X in 
some . tube, Price 
$15.00 in leather case. 

E. W. PIKE & CO., 
Elizabeth 3, N. J. 

The Morae DecimaUzer 

(9 x .0432 x 74.1 x 3.8) ...;.. (245 x .0093 x 36) 
= 13346+ 

What about tbe decimal point? Plac. it quickly 
and accurately' witb the Decim.liz.... Pocket Ii .. , In I.ath .. m .. , ,2.501 witb extra (mul­
tipl";n. and dividin.) acal., ,3. Monay-back 
eU.dllt ... 

GEORGE H. MORSE 927 28th 51. South Arlington. v •. 

PUT YOUR PATENTS TO WORK 
ReSpOnsible firm of 22 yrs. exper. In Pats. and 
licensing. desires Items for development. Prefers 
Ideas adaptable 'lIcenlllng exclusive basis. Will 
buy outright or take ""cluslve franchise. Can 

�:r:��P 
o:P���In";:�h��al:,r :r:�":C"f1.' co���I� 

tlve products and basis will do business. Box 550. 
Bclentlfic' American. 24 West 40th Bt.. N. Y. 
18. N. Y. 

Manufacturers everywhere 
are buying patent rights now, SO they will have 
new items to make and 
sell for civilian consump­
tion as soon as lhe war 
is over. You should look 
ahead to the future. too. 
Protect your and yourself by 
for a patent now. 

GET FREE "PATENT GUIDE" 

Registeted. Patent Attorneys 
Adams Bldg., WaJ;hington 4. D. C. 

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

I FREE. This request does ·110t obligate me. 

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

I' Address . . . . • • , . :. . . • • • • • • • • • • • . • . • . • . . .  I 
L City .' . . . • . • . •• • . . . . • . • .  State . . , ....... .J 
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work going through the various rout­
ing and shop operations prior to final 
finishing, picks up finger-marks, most 
of which are acidic: It' is this acid 
which, if not quickly neutralized, oxi­
dizes the metal surfaces long before 
the finishing operation is reached.' Too 
often the finish is blamed, when the 
trouble' really centers on proper clean­
ing and neutralization of the metal 
surfaces. 

MASKING STICKERS 

AN EFFICIENT method of masking name 
and instruction plates, now being wide­
ly used in war plants, has been de­
veloped under the trade name of Kum­
Kleen masking stickers. They are 
available die-cut to the exact specifica­
tions of the manufacturer. The name 

These maskiDq stickers protect name 
plates durinq the finishinq process 

plate is attached to the product on the 
production line, covered with the mask­
ing sticker and the product then painted 
or finished. These masking stickers, il;l 
addition to being die-cut, are applied 
without moistening, stick to any smooth 
surface, are not affected by heat or 
cold and easily peel off without leaving 
a trace. 

ROUND·FACE STAMPS 

HAND stamps with "round-face" rather 
than sharp-face characters specifically 
designed for low stress marking of 
lightweight alloy forgings and castings 
are now available. Manufactured by 
New Method Steel Stamps, Inc., they 

�r---'''''-­
·0\1"0 •• " 

Round-faced' characters on stamps 
reduce stresseli in Iiqhtwelqht alloys 

are said to be particularly suitable for 
marking aluminum and magnesium al­
loy parts which will be subject to either 
tensile or torsional stresses in service. 

Use of round-face stamps lessens the 
chances of cracks starting in the forg­
ings or castings· marked by them. All 
characters have been carefully engi­
neered and designed in accordance with 
S.A.E. aeronauti�al specifications which 
call for impressions not deeper than 
.003 inch and fillets (radius of curve) 

INYENTORS. Do Not Da.a,. :. or=.r� �aUurbeIllV:::=,- �� 
r:'�� h":::�'¥b�� �a�h.:'d�� ... 
con .... rt to Ch111an Production. Wttte ror 
Intonnatlon �DAY. . 

RANDOLPH & &EAVER5 
25 Columbian aldg., Washington, D. C. 

MAGIC ELECTRIC WELDER 
no volt AC-DC; welds, brazes, solders. cuts 
all metals; easy to use; full directions. Com­
plete with pOwer unit. !lame and metallic arc 
attachments. carbons, ftuxes, rods. mask. Used 
by the- Navy. For professional or hobbyist. Only $19.95. 

MAGIC WELDER MFG. CO. 
239 Canal SI. Dept. PA.12 New York City 

� FORECAST lh e rrn Gc;1 weather more intel­

WEATHE'R OIA� ligently. The ACE 
WEATHER DIAL is 

a scientific instrument that gives you 
a more accurate prediction from the 
reading of your own barometer. The 
ACE DIAL shows a dozen variations. 

Postpaid $1.00 in U.S.A. 

w. H. REDDING 
5105 Newhall St. Philadelphia 44. Pa. 

When you write to 
advertisers 
• The Editor will appreciate 

it if you will mention that 
you SCIENTIFIC saw 
it in AMER·ICAN 

15,000 
FORMULAS 

1077 
PAGES 

HOPKINS' 

"CYCLOPEDIA 

OF FORMULAS" 
Thousan<ls of copies of this ac­
knowledged leader among books of 
formulas are heini used daily. 

$5.50 postpaid (Domestic) 

'�er Froll 

SIIENTIFIC AMERIOAN 
24 Wast 40tta StrIaI, New Yerk 11, N. Y. 
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of not less than .006 inch at all inter­
secting surfaces of an impression. 

Shanks are provided either plain, or 
knurled for finger and thumb gripping. 
Every stamp is tempered by automati­
cally controlled heat-treating methods. 
The upper portion of each shank bears 
a characteristic "temper color" indicat­
ing that the correct degree of hardness 
for best withstanding of mushrooming 
has been imparted. The tapered and 
rounded heads retard peening and 
dangerous chipping under blows. 

TIMBER SAW 

A NEW Lowther C-Saw for timber cut­
ting has a constant centered drive 
which is said to insure belt alinement 
no matter what the angle. The saw 
operates with equal smoothness at any 
angle on or off the ground. Four 112-
inch V-belts connect two constant cen­
tered drive pulleys. Wheels have 
needle bearing and heavy-duty indus-

V-belts drive Ihe blade 

trial type dual pneumatic tires as op­
tional equipment for easy rolling. 

Power comes from a six horsepower 
air-cooled engine, claimed to be eco­
nomical of fuel. The frame is tubular 
welded steel, and the axle. is heat­
treated steel. A 30-inch blade with 
extra large teeth and extra deep gullets 
minimizes file and upkeep. Saw speed 
is 1150 revolutions per minute. 

SYNTHETIC CHLORINATED 
RUBBER 

A RECENTLY developed synthetic, called 
chlorinated isopol, available in metal 
primer formulations and in powder 
form, is said to be practically identical 
to chlorinated rubber in flame resist­
ance, moisture resistance, chemical re­
sistance, solubility, stability, and com­
patibility with plasticizers. 

Among its suggested uses are as a 
primer for rubber-to-metal adhesion; 
as an ingredient in adhesives, paints, 
lacquers,· and inks, and as an acid- and 
an alkali-resistant coating for metal, 
concrete, and other surfaces. It is also 
useful for fire-proofing or moisture­
proofing fabrics and other materials; 
for sound and heat insulation qualities; 
and as a plastics wherever inertness to 
chemicals and fire-proofness are of 
importance. 

Although the new product is not yet 
standardized in viscosity range, the 
Union Bay State Chemical Company 

has announced that production is suffi­
cient at present to enable sampling and 
service of reasonably sized orders. 

MARKING DIE HOLDER 

A NEW style die holder facilitating 
the marking of all types of ordnance 
and automotive parts too large to be 
handled has been announced by Acro­
mark. It is said that the compact self­
contained unit holds all marking dies 
in exact position ready for stamping. 
The face of each marking die is pro-

A single blow marks the work 

tected in the holder so that it may be 
quickly placed in marking position 
without danger of scratching the work. 

Each marking die is properly bal­
anced with the marking arranged so 
that an impression can be made by a 
single hammer blow on each die. The 
dies are - supported in such a manner 
that "bounce" or "chatter" marks are 
practically eliminated. Individual sec­
tions of the marking may .be changed 
as required, making it unnecessary to 
scrap the entire set-up or die. Markings 
cannot be placed in a wrong position 
or inverted after holder is set in place. -

GAS GENERATOR 

A NEW model of the generator which 
produces dry chlorine dioxide gas from 
chlorine and dry sodium chlorite has 
been developed by The Mathieson Alkali 
Works. The chlorite is now contained 
in a reaction tower within the control 
unit, in contrast with earlier models 

With DI-ACRO 
BENDERS .... 
The DI-ARea Bender makes perfectly 
cen tered eyes ftom rod or strip stock at high hourly production rates. 

Both eye and cen tcring bend are formed with one opera-tion. Any size eye may be formed within capacity of 
bender and ductile limits of 
. , aterial. 
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The Dark Continents 
of Your Mind 

DO YOU struggle f or balance? Are you 
forever trying to maintain energy, enthusi­
asm, and the will to do? Do your person­
ality and power of accomplishment ebb 
:lnd flow-like a stream controlled by 
30me unseen valve? Deep within you are 
minute organisms_ From their function 
spring your emotions_ They govern your 
,'reative ideas and mood.-yes, even your 
e njo y m e n t  of life. On c e  they w e r e  
thought to be the mysterious seat of the 
soul-and �o be left unexplored. Now 
cast aside superstition and learn to direct 
intelligently these powers of self. 

Accept this ,,?-ue Book 
Let the Rosicrucians, an age-old fraternity of 
thinking men and women (not a religion). 
point out how you may fashion life as you want 
it-by making the fullest use of these little-un­
derstood natural faculties which -you possess. 
This is a challenge to make the most of your 
heritage as a human. Write for the Free Book, 
"The Mastery of Life." Address: Scribe o>K.B.H 

7� ROSICRUCIANS 
San Jose (AMORe) California 

/"'*� .. !J.!� ,,'n� 
CENTERED 

� 
Send for Catalog 

" DIE - LESS" DUPLI­
CATING showing many 
kinds of "dieless" 
��f�lc<g��1cRd'ro��a� 
ers, Brakes and Shears. 

347 EIGHTH AVE. SO., 

MINNEAPOLIS 15, MINN. 
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WA N T l D  
The Post-War Planning 

Division of our Engi­

neering Department in­

vites correspondence 

regarding your post­

war problems involv­

ing the use of precision 

optical elements, mir­

rors and instruments. 

WM. MOCEY & SONS, INC. 
PLAINFIELD, NEW JERSEY 

EST. 1882 

NOW Repair your owa 
ELECTRICAL APPLIANCES 

witb 
CHANTTB Salf-W.ldiDs' ELECTRICAL 
HEA TING ELEMENT lIux. GeDUOUO 
amouDt. iDltructioDI Reloled. ,1.00 
pOltpoi1:HANITE SALES COMPANY '14 South Main Fort Worth 4, Tex .. 

For Scientific and Technical Books 

Try our BOOK DEPARTMENT 

SCIENTIFIC AM�ICAN 

1/1J!Ie FlEE look 
ARE FOR MEN AND WOMEN 

WITH IDEAS FOR 

IIIVEIiTIOIiS 
Opportunity has never tnoct­

ed barder for inventors . � . 
tnduatry is preparing for an 
era of prosperity NOW • " • 
new products. new prOCellS811 
are wanted NOW I 

fuft;t ;��f:ln
boo:�a:OWti ���{ 

do to protect your invention 
, • • tell YOU step by step. 
They contain valuable tnfor .. 
mation . . . show 115 funda­
mental mechanical movements 
. . . may he)p you comnlete 
your Invention. We send wJth 
booll:l free Evidence of Inven­
tion form that may help �ou 
eotabUlh your claim. 

Books are written by men of 
UlJlllence in patent mat.ter� 
. . . men who have helped 
Inunto.. for n years. 

7IWtJtB 1Ii11i1U···FREE 
JUST SEND COUPON 
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which required separate chlorite 
towers. Removable front and sides 
make all parts of the unit easily ac­
cessible for servicing. The new gen­
erator measures five feet in height, two 
feet in width, and 18 inches in depth. 

This equipment is used commercially 
to generate chlorine dioxide, a gas with 
two and a half times the oxidizing 
power of chlorine, for the dry bleach­
ing of starch, wheat flour, high-fat soy 
flour, and wool grease, and for checking 
blue mold in citrus fruits. Chlorine 
dioxide is also used, in solution, in 
bleaching soap, paper, and textiles, and 
in removing objectionable tastes and 
odors from public water supplies. 

TUBE FINISHER 

A COMPLETELY automatic Leonard Tube 
Master for squaring, burring, flaring, 
and beading ferrous and nonferrous 
tubing, in sizes from ¥s to 3-inch, out­
side diameter, is now available. Known 
as model 3CP, it was developed and 

Finishes tubinq automatically 

perfected as a completely automatic 
machine at the request of the major 
aircraft companies. The operator, man 
or woman, places the tube in position 
and presses the control button. The 
machine automatically completes the 
cycle of squaring and burring, flaring 
or beading the tubing. Uniformity of 
finish can be maintained indefinitely to 
exact predetermined specifications . 

POWER BRUSH 

A POWER brush for removing burrs, 
preparing metal surfaces, and for work 
on rubber parts as well as marty other 
applications, is said to provide industry 
with a tool capable of increasing pro­
duction rates at a minimum end-of­
service cost and extending the applica­
tion of fine-wire brushes to work hith­
erto considered impractical. 

A product of the Osborn Manufac­
turing Company, it is a 12-inch monitor 
section filled with .005-inch power 
brush wire and has a one and a quar­
ter-inch arbor hole. It is especially well 
suited to aluminum, brass, and other 
ductile metals for removing burrs effec­
tively without damaging adjacent sur­
faces of the part, according to the com­
pany, and will find extensive application 
on hardened and unhardened steel 
parts. 

SAMWORTH BOOKS ON FIREARMS 
Technical aI(d praCtical worts on llrearms 
ballistics. ammunition. sc1entlllc Identification 

�=�h��gJ�:to¥'w�t�_�� °8t� ��,:r�er".::l 
which cover the shooting field and varIOUI alii .. 
subjects. Catalog for 3¢ stamp. 

THOMAS O. SAMWORTH 
Smoll-Anns Technical Publishing Compony 

Plantersville, South Carolina 

NURSES NEEDED 

The biggest battles of the war are still to bJ 
fought. Casualties are increasing . every day 
The life.saving care of Navy Nurses is 0 
greater import�nc. than ever before. 
Four-thousand more Navy Nurses are needed -
right nowl 
Registered nurse., graduates of · an accreditef 
school of nursing, 21 - 40 years of age, singl, 
or legally separated, and citizens for 10 year. 
are urged to write far further particulars 
Address: The Surgeon General, Bureau 0' 
Medicine & Surgery, Navy Department, Wash 
ington 25, D. C. 

ALNICO Pocket Pieces 11/16" x 9/16'" x %" 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  palr $1.01 

Horse Shoe Magnets %" x %. x 3","" pair $1.2l 
1 %:" x %" Watch size GEAR BOX 

150 to 1 Ratio . . . . . . . . , 35¢ . . . .  3 for $1.0( 
SKINDERVIKEN Transmitter Button with 

16 page Experiments Booklet . . . . . . . . . . . .  $1.04 
2�� r:votJrl0n�·�·

er 
l�in;rit . .  �.l��� . . . ��.

t�.
r: $3.01 

One ampere Mercury Switch, 
long leads " ,  . .  " , " , " , " ,' , 35¢ . .  , . 4 for $1.01 

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

When you write to 
advertisers 
• The Editor will appreciate 

it if you will mention that 
you SCIENTIFIC saw 
it in AMERICAN 

THE HENRY SYSTEM 
Of Finger Print 

Classification 
and 

Identification 
it now in use by moat 

of the Police Departmenta in the 
United States. It is alao the Iy.tem 
which applicants for many Civil 
Service position. must mader before 
they can lucces.fully fill aU require­
ments. 

The only book based on the Henry 
System is Frederick Kuhne'. 

"THE FINGER PRINT 
INSTRUCTOR" 

In this 182-page, book, written by a 
noted finger print expert who wu 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instruction. on every phase 
of the work from takins the printa 
to final identification. Numeroul 
photograph. and reproductiolU of 
print. make all detaill cle.r. 

Used by many governmental and 
industrial personnel departmenU 
and by the F.B.I. 

_4_25 postpaid 

Ordar From SCIENTlFIO AMlRIGlN 
.24 Wast 40tb Straat, NI. York ta, N. Y. 
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Cur reD I Bull eli D 
Briefs 

Conducted by 
K. M. CANAVAN 

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

F'LUOROCHEMISTRY is a six-page bulle-
tin, the first of a series, based on 

fluorescent analysis of various chemi­
cals, liquids, and solids with ultra­
violet rays. The theory and utility of 
fluorescence is fully covered as well 
as the basic concept of luminescence. 
Printed in form convenient for filing. 
The series is available upon request. 
Ultra-Violet Products, Inc., 5205 Santa 
Monica Boulevard, Los Angeles 27, 
California.-Gratis. 

NATIONAL CODES FOR THE PREVENTION OF 
DUST ExPLOSIONS, 1944, is a 176-page 

book covering the 15 American Stand­
ards Codes, a new code for Explosion 
and Fire Protection in Plants Producing 
and Handling Magnesium Powder or 
Dust, an amended code for starch fac­
tories, and a statement of fundamental 
principles of dust explosion prevention 
in industrial plants. National Fire Pro­
tection Association, 60 Batterymarch 
Street, Boston 10, Massachusetts. -Red 
cloth binding $2.00, brown paper covers 
$1.00. 

TOMORROw'S PRODUCTION TODAY BY RE-
SISTANCE WELDING is a booklet 

directed at the non-technician, giving 
brief explanations of each basic type of 
resistance welding, what resistance 
welding is doing to speed the war ef­
fort, and what its post-war possibilities 
are. Request Bulletin 101. Resistance 
Welder Manufacturers' Association, 505 
Arch Street, Philadelphia 6, Pennsyl­
vania. -Gratis. 

WHEELCO THERMOCOUPLE DATA BOOK 
AND CATALOG is a 40-page guide to 

the proper selection of thermocouples, 
lead wire, protecting tubes, heads, and 
insulators. Descriptions, prices, milli­
volt and temperature conversion tables 
are given. Wheelco . Instruments Com­
pany, Harrison and Peoria Streets, 
Chicago 7, Illinois.-Gratis. 

POST-WAR USES OF ExPLOSIVE RIVETS is 
a manual containing many post-war 

possibilities for explosive rivets in the 
automotive and air conditioning in­
dustries, in housing and household ap­
pliances, and in other fields. E. 1. du 
Pont de Nemours and Company, Inc., 
Explosives Department, Wilmington 98, 
Delaware.-Gratis. 

CONSIDER THE CALENDAR, by Bhola D. 
Planth, is a I3S-page booklet pub­

lished by the Bureau of Educational 
Research in Science, Teachers College, 
Columbia University, and it presents 
the historical perspective, pertinent 
facts, and two salient alternative solu-

All Serious-Minded Production Men 
SHOULD HAVE THIS FREE BOOKLET! 

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

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

It demonstrates the method which 
the Alexander Hamilton Institute uses 
to give you immediate he1p in your pres­
ent position, while preparing you for 
frost-war opportunities. Subjects direct­
l¥ related to the work you are doing 
now, PLUS other subjects of fundamen­
tal value to the business executive, are 
discussed in the book and' placed in 
significant relation to one another. Thus, 
a helpful, over-all picture is provided. 

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

"In thirty minutes this little book 
gave me a clearer picture of m y  
business jutrlre 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 schedules. 

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

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

Alexander Hamilton Institute 

ALEXANDER 
HAMILTON 
INSTITUTE 

Dept. 35, n West 23rd Street, New York 10, New York 
In Canada, 54 Wellington Street, West. TOIODtO I, Ont. 
Please mail me, without cost, a copy of the 64·page 
book-"FORGING AHEAD IN BUSINESS." 

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

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

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

Pos-ition . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . .  0 0  • • • • • • • • •  

Home Address .................................... . 
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The Editors Recommend 
PROCEDURES I N  EXPERIMENTAL PHYSICS­
B7 /ola,. Siron" rla.D. A wealth of u.eful data of 
• practical kind ·'or the conltructor, experimenter, 
ODd .kill.d .raftomOD. 16.80 

STEEL SQUARB POCKET BOOIt - B7""'" 
t. S.oddard. Practical method. for alba, the cu­
pent.r'. .tHI _r. for layout work .f all kind •• 
Tlm.·trlecl m.thod . .. oecI hy two I •• rallo.. 01 eor· 
peDlen and fOllDd both rapid and accurate. '1.00 

A ..... NU ... L 0 .. MBCHANICAL .. OVBIIBNTS -
87 IF. II. C'.ri. Pr ..... t. fuad_.taJa ... "Woh all 
mocllln. or. ballt. 400 lJIaltratlo". ODd 160 photo­
IT.ph. of mod." damoDltt.tiDI ... chanical priaeip]. 
• appl.moa' tho tat. '2.10 

TOOL M ... ltING - B7 C. II. CO," 1. ..... 11 •• for 
maklDt .ud u.inl all kinde, from penonal t •• la to 
uber pr ..... , lath.., planerl, etc., la dUfer_t 
metalo. ' •• 60 

TECHNIQUE 0 .. PLYWOOD - B7 Clurla B. 
Norr". Technical information OD ,an ph ... a of p)y. 
wood manufacture and UI., compiled for eDlm ..... , 
deaitnen, and, unn of plywood. Important to 
many ph.see of .arti ... honliDI and maDDI.clarin. 
problem.. '2.50 

OPTICAL WORltSHOP PRINCIPLES - B7 Co,. 
CIuJrLN Dn,;. War-time -translation of. a French 
work on precision shop optics, with heavy emphasis 
on actnal handiwork. Co vers glass, abrasives, cements, 
mechanical theery of working optical surfaces, 8u-r. 
faeing, tests, centerjng� and 10 -on. 16.10 

RAJIIDBOOIt OF CHEMISTRY ... ND PHYSICS -
A .lanie refereaee book recndy re.iled and brought 
a.-t ... clate to keep pace With recent retearch. In. 
clude! material on all brancbee of ehemistry, phy!ic!, 
IIDd allied Ici.ncet. Uled In laboratori.. and by 
_� throulhout tho .ouatry. FI.,.lbl� bladlag. 
2S71 page.. '4.10. Foreign '4.50 po.tpald 

ATOMIC ARTILLERY - B7 /eIa,. Kollee/a 
R.b ... , •• -. Electronl, protonl, pOlllron., photonl, 
... tr..... and cOlmic raYI, all d •• lilted for the 
layaaa In plain laDlu.,e. Alto tranlmutation of the 
elements and the manufacture of artificial radio. 
ocll.lty. '2.S5 

EXPERIMENTAL SPBCTROSCOPY - B7 Ralpla 
A.. Sawyer. Covell tbeory and types of spectroscopel 
and Ipect�Qgraphl, mounting and use of gratings, 
determiuatJon of wavelengthl, infra· red spectroscopy 
.pectrochemical analysil, and 10 on. Somewha; 
elementary but requires knowledge of physics aDd 
lome physical optics. 15.10 

EXPERIMENTAL ELECTRONICS _ By Ra'pla 
H. Muller, R. L. Carman, and M. E. Dros. 
A solid. book of eminently practical information on 
��e characteristic! and non·communicatiou applica. 
tle.1 of .lectron tubee. The text describea eIperi. 
mentl and preeenta relulta. For Itudenta. radio 
engfDeen. communicationl esperta, and' the lerioul 
general reader. 1 .... 75 

PRISM AND LENS MAKING - By F. T"'7man. 
A wide variety of note! based upon a long ·lifetime 
of practical optical shop work. Not a fuU Itep.by-
• tep manual but a valuable workinl' aid to the ad. 
vanced tele.cope maker and othen in optical work. 
While the text deals ostenlibly with professional 
quantity production, much of it it basically applic. 
able to single.piece work.. 14.60 

PLASTICS - By J. H. Dubob. R •• I.ec1 ealareed 
edition of an important work on the whole gen. 
eral .ubject of plaetica, plus much new material 
on aynthetic rubber, manufacturing proce!lle., and 
pla.dc. moldIDg.. '3.85 

Best Sellers 

In Scie!l1ce 

'" PRACTICAL COURSB IN HOROLOGY - II, 
Harold C. K-"T_ Definite. outright, practical in­
Itructionl on watch makinc, repair, and adjultment. 

,2.85 

SUDE RULB SIMPUFIm - B7 C. O. B..-..... 
How to u.e a .lide rule without any of the mYlti6 . 
catioD that oiten lunound. thil importllDt tool of the 
eDliDeer. Exc.UeDt IUultta.tioDI make e.erythiDI 
.Ioor. '8.60 la.ludial a .Ud. rale; for hook aloae. 

'2.60 

THB BLBCTRON MICROSCOPB - By B.r .... 
and Kola' • .  A . well-written account of this newest 
tool of science, with all technicalities explained for 
complete Doderatandinl by a.-er.,e penon. 18.95 

A COURSE IN POWDER METALLURGY - By 
JJ7 oller. J. B..... A sound view of the overall sub· 
ject' 01 powd.r m.tallarl1 whl.h will ""'. 01 aD 

es.eneat culde and r.f.r..... book. '8.60 

THE SCIENCE OF WATCHES AND CLOCD -
B7 .4. L. Rmo"n.,. Not • hook oa w ... h ODd clock 
repairiDI', but one for horolo,i... fDtereated in the 
!dence underlyibl fine timekeepen. '8.60 

PLASTICS, PROBLEMS AND PROCESSES - B7 
/II..,..per,_ and Pepp.,.. Th. whol. ,tory of pI ... 
tics, inc-luding a re�ume of manufacturing processel 
and a number of thorough-going chapten devoted to 
pla.d •• u.... 'S.10 

FUNDAMENTALS OF ELECTRICITY - B7 a 
Staff 0/ Electrical E"perla. Althoagh dcoi,aod to 
supply men about to enter military ler.ice with a 
foundation' for further training, this teIt win eerve 
a similar purpose for anyone deeiroul of acquiring 
luch howled,e. ,2.10 

ELECTRONIC PHYSICS - By Beel4>r, Lei,., _d 
Seonron. A simplified teIt for those who deeire. to 
acquire a sound b.lil for followinc the advance of 
appUed .Ie.troni... 'S.85 

A LABORATORY MANUAL OF PLASTICS AND 
SYNTHETIC RESINS - B7 C. F. D' A'ello. 
How to prepare many of the well-boWD rulnl and 
plastic! in the laboratory. UndentandfDI of the 
text requiree a knowledge of oraanlc che.��� 

FUNDAMENTALS OF OPTICAL ENGINEERING 
-B7 DOII.ld B. laeob.. TW. aew work atart. 
out at the .ery beainninl. .. mainly Don·mathe­
matl.al, aad II probably th. hoet .ulted 01 .n 
e:datin. books .s an introduction to optical detign. 
Author i. a physicilt at Bureau of Standarda. 15.10 

FUNDAMENTALS OF PERSPECTIVE - By 
Tlaeodore DePo .... b, .4.1 • .4. A method of .howlac 
the order, or sequence, in which linea of • perapective 
are drawn. Use of colon, number.. and arrows 
eliminates much tnt found bt other bookl on this 
lubieot. 20 loose sheeta in binder. 12.60 

MACHINERY'S HANDBOOK - 12.h Edl.len. 
"Bible of the mechanical induatry," 1815 pace. 
of l.test standards, da", and· information required 
dally In the .hop ... d draftiag room. '6.10 

• The abOve pricea· are postpaid In the UDited 8tatM. Add, OD forelp orden, 
2S¢ for postage OD eaeh' hook. except .. Doted. 

• 

---------------------------�--------

For Sale by: March. 1945 
SCIENTIFIC AMERICAN, 24 West 40th Street, New York 18, N. Y. 

I enclose $ . . . . .  for which please forward at once the following books: 

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

Addrells 

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

tions relating to calendar change. Bu­
reau of Publications, Teachers College, 
Columbia University, 525 West 120 
Street, New York, New York.-$1.35. 

FACTS You SHOULD KNow ABoUT R� 
SPEED PRIME PuMPS is an IS-page 

catalog based on various models of 
pumps, their features, specifications, 
and applications in agriculture, in 
utility work, in general dewatering use, 
in oil field and marine field use, and in 
industry. Chain Belt Company, 1600 
West Bruce Street, Milwaukee 4, 
W isconsin.-Gratis. 

SUPERIOR FLUXES FOR WELDING, BRAZ-
ING, AND SILVER SOLDERING is an 

eight-page catalog covering over 20 
different fluxes with details on the 
characteristics of each and a schedule 
of list prices. The catalog is arranged 
for easy selection of the proper flux 
for each application. Superior Flux 
Company, 913_ Public Square Building, 
Cleveland, Ohio. -Gratis. 

CATALOG AND HANDBOOK 0'" BAUER AND 
BLACK INDUSTRIAL ADHESIVE TAPES 

is a 21-page loose-leaf brochure list-' 
ing, on separate pages, each type of 
industrial tape, a sample, description, 
and a list of its uses and specifications. 
Bauer and Black, Division of The 
Kendall Company, 2500 South Dear­
born Street, Chicago 16, Illinois.­
Gratis to requests made on business 
letterheads. 

METAL QUALITY is a 4O-page booklet 
describing how "hot working" im­

proves quality of metal. Beginning 
with the ingot, the process is described 
and illustrated, step by step, through 
all operations to the finished forging. 
Drop Forging Association, 605 Hanna 
Building, Cleveland, Ohio.-Gratis. 

YOUR FIRE PROTECTION INSURANCE ·POL-
ICY is a 12-page folder covering the 

seven basic types of fire extinguishers, 
their construction specifications, and 
Underwriters Laboratories classifica­
tions, as well as information on the 
types of fires each extinguisher is de­
signed to combat most effectively . 

General Detroit Corporation, 2270 East 
Jefferson Avenue, Detroit 7, Michigan. 
-Gratis. 

OCCUPATIONS IN TELEVISION, by John 
E. Crawford, is a six-page leaflet 

outlining the training required, meth­
ods of entrance, range of salaries, ad­
vantages and disadvantages, and post­
war prospects of television as a career. 
Sources of more detailed information 
'are listed. Occupational Index, Inc., 
New York University, New York 3, 
New York.-Single copies 25 cents. 

DIE AND MOLD DUPLICATORS is a 12-page 
booklet containing data, specifica­

tions, a duplicator table, and a tracer 
head specification sheet for three 
duplicator models which are used on 
dies and molds' for plastics, rubber, 
and glass, as well as drop-forging dies, 
metal patterns, and die-casting dies, 
Request Bulletin 1319-E. George Gor­
ton Machine Company, Racint!, Wis­
consin.-Gratis. 
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Our Book CorDer 
THE BOOK DEPARTMENT of Scientific American is conducted. with the 
co-operation of the Editors. to make available for you a comprehensive 
book service_ Each month the Editors select and review in these columns 
new books in a wide ranqe of scientific and technical fields. In addition. 
they are ready at all times to advise you' reqardinq the best available 
books on any subject. You are invited to use this service freely. TeU our 
Book Department what kind of books you want. and you will be furnished 
with the names of available books. includinq prices. When Inquirinq 
about books. please be specific: remember_ that we can be of the qreatest 
help only when you tell us just what you are lookinq for. Books nsted 
in these columns may be ordered from our Book Department. Add 25 
cents per book for mailinq outside U. S. 

TO MAKE CERTAIN that books ordered by or for men in the Army. 
located In the United States. or men in the Navy. Marines. or Coast 
Guard. located anywhere. will be delivered. insurance fees should be 
sent with orders. as follows: To $5 in value. lOt additional: Irom $5 to 
$25. 20¢: from $25 to $50. 30¢ 

THE AIRCRAFT 
ANNUAL - 1945 

By David C. Cooke 

I
ON-TECHNICAL but technically ac­

curate throughout, this second edi­
tion brings its readers completely up 
to date on details of the aircraft indus­
try and war-time operations. It not 
only gives a broad view of the whole 
subject but will serve as an excellent 
reference book. (288 pages, 7 by 9lh 
inches, lavishly illustrated.)--$3.10 post­
paid.-A.P.P. 

THE STORY BEHIND 
GREAT INVENTIONS 

By Elizabeth Rider Montgomery 

S
UITABLE gift for youngsters but not 

aimed at adults, this -is a drama­
tization in speaking narrative form of 
the invention of the telephone, phono­
graph, spinning jenny, lathe, motor, 
Carborundum, reaper, steamboat, air­
plane, and a score of others. Your re­
viewer's boy, 14, says it is a "swell 
book" but laments the lack of "an in­
vention to make latin and algebra 
easy." (254 pages, 5% by 8 inches, 8 
illustrations.) -$2.10 postpaid.-A. G.I. 

OURSELVES UNBORN 
By George W. Corner 

E
MBRYOLOGIST of world-wide fame here 

presents three Yale University lec;.. 
tures on human embryology which 
would interest serious readers, also 
expectant mothers (and fathers), hav­
ing scientific curiosity extending be­
yond the immediately practical; in-, 
directly it would also be of some prac­
tical help to these expectants. It is not 
a manual on prenatal care or a sex book 
despite its excellent anatomical illus­
trations. ( 188 pages, 5lh by 8 inches, 
26 ilustrations.) -$3.10 postpaid.-A.G. I. 

SNOWSHOE COUNTRY 

By Florence Page Jaques 

D
ELIGHTFUL and informative is this 

tale of dog team and snowshoe 
travels through the great Rainy Lake 
watershed, in the border country of 
Minnesota and Canada. The author, as 

a keen, practiced observer, and her 
noted artist husband, Francis Lee 
Jaques, with his characteristic ,b lack­
and-white drawings, have captured the 
wild charm of that isolated region and 
wrapped it around a fund of informa­
tion on wild life, geography, and geology 
of the Rainy Lake district. (110 pages, 
7lh by 10% inches, profusely illustrated 
with Jaques' drawings.)�$3.10 post­
paid.-A.D.R., IV. 

PORT TERMINAL OPERATION 

By Eugene H. Lederer 

T
RAINING'manual for new personnel of 
piers, export-import houses, steam­

ship lines, stevedoring companies, 
lighter and tug operators, which covers 
many aspects .of port terminal opera­
tion; such as hoisting facilities, paper 
work, cargo handling, warehousing, 
administration, stevedoring, stowage, 
lighterage, towage, and the like. An' 
entirely practical, all-around book. 
(430. pages, 6 by 9 pages, illustrated.) 
-$5,10 postpaid.-A.G.I. 

FUNDAMENT AL PRINCIPLES OF 
PHYSICAL CHEMISTRY 

By Prutton and Maron 

N
EW college textbook of the special 
branch of chemistry which deals 

with the physical properiies and struc­
ture of matter, laws of chemical in­
teraction and the theories governing 
them, written by two professors of 
chemistry at the Case School of Ap­
plied Science. Mainly this is a typical 
text but it emphasizes thermodynamics, 
with mathematics (calculus), also ful­
ness of treatment. (780 pages, 5lh by 
8% inches, illustrated.) -$4.60 post­
paid. -A.G. I. 

HELLDIVER SQUADRON 

By Robert Olds 

A 
FINE story of Carrier Bombing 

Squadron 17 with Task Force 58 
which, led by Lieut. Comdr. James E. 
(Moe) Vose, fought the Japanese with 
Curtiss SB2C Helldivers flying from 
the deck of the Essex. The story is il­
lustrated with sketches of fine pilots, 
photographs of vivid action, and is ex­
citing throughout, perhaps all the more 
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SAVE 
UP 

ON TECHNICAL BOOKS 

Title 

Quantities Limited 

Order Now 

Author 
Origiaal 

Price NOW 

Baking Powders 
Mendelsohn $4.00 $2.50 

Hair Dyes & Hair Dyeing 
Redgrove 5.00 2.50 

Chemical French 
Dolt " 4.00 2.09 

Plant Growth Substances 
Nicol .. . . . .... , 2.00 '1;2' 

White Shoe Dressings and Cleaners 
w. D. John 1.75 1.00 

Chromosomes 
White 1.50 1.00 

Chemical Species , 
Timmermans 4.00 2.00 

Private Generating Plant 
Proton 2.50 1.75 

Roof Construction & Repair 
. 

Molloy 2.50 1.75 

Dictionary of Metals & Alloys 
Camm 3.00 1.75 

Superheat Manual 
Camm 2.50 1.75 

Wireless Coils, Chokes & Transformers 
Camm 2.50 1.75 

Book of Garden Improvements 
Brett 2.5'0 1.25 

Manual of Endocrine Therapy 
Cinberg 3.25 2.00 

Milling Practice 
Molloy 2.00 1.00 

Plastic Molding 
DearIe 4.00 2.00 

Tropical Fruits 
Sukh Dval 2.75 1.75 

Welding & Metal Cutting 
Molloy 2.50 1.75 

Engineers Manual 
Camm 2.50 1.50 

Rancidity in Edible. Fats 
G. H. Lea 4.00 2.50 

Casein & Its Uses 
H. Hadert ., 3.00 1.50 

Utilization of Fats 
H. K. Dean 6.00 3.50 

Stromberg Injection Carburetor 
Fisher 2.·50 1. 75 

Structure of Metals 8.: Alloys 
w. Hume·Rothery 2.00 1.25 

Reinforced Concrete Construction 
Cantell 3.00 1.50 

Elementary Mathematics for Engineers 

Press Tools 
Fleming 2.50 1.50 

Molloy 2.50 1.75 

Handbook For Chemical Patents 
E. Thomas 4.00 2.75 

Jigs, Tools & Fixtures 
Gates " " " ,.,. 4.00 2.00 

Methods 8.: Analysis of Coal & .C oke 

Aviation Instrument Manual 

Wiring Circuits 

1.50 1.00 

5.00 3.00 

Stuart " ,'" ... 2.50 1.50 

Modern Oil Engine Practice 
E. Molloy 5.00 3.00 

(To above prices add 10 cents domestic postage 
for each book. For foreign postage add 35 cents 

for each book.) 
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NOT SALVAGE-NOT REJECTS 
NOT JUNK! 

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 IN FOCUSING MOUNT, 
1%" (35MM) F.L. Surplus lot from 
war instrument. Tremendously wide 
field of view. Diameter of eye lens 
more than 1", field lens 1 Y4" • All 
outside lens surfaces fluoride coated. 
Most remarkably efficient (brilliant) 
eyepiece ever, each $4.50. 
Bushing to fit standard 11/4" tele­
scope tube $3.00 extra. 
6ushing to fit your special tube s� 
$4.00 extra. 

DOUBLE ACHROMA TIC LENS SYS­
TEM. All outside surfaces fluoride 
coated. F.L. 2Y2" (64MM). Mounted 
0.0. 1-3/16" (30MM). Clear aper· 
ture %" (23MM). Suitable for in­
verter with the above eyepiece, as an 
excellent magnifier of 4 power and as 
a projection lens for Kodachrome 
slides size 2 x 2. Each $3.50. 

ACHROMATIC CEMENTED OB­
JECTIVE, 1%" (48MM) diameter, 
10Y2" (264MM) F.L., not mounted, 
fluoride coated $3.00. 

FOR OTHER SIZES--:SEE OUR CATALOG 
MIRRORS: Front surface aluminized 

trapezoid, 3%" x 2%" x 2Y2", 1/16" 
thick, each 25¢; also 1%" x 2" 
(irregular> 1/16" thick, each 25¢. 

PRISMS: Excellent optical surfaces and 
very close angle tolerances, 1" x 1 Ys" 
face. For smaller reflectors, each 
$2.35. 
Size 2 Y2" x 2 Y2" Prism, unmounted, 
white optical glass, excellent optical 
quality, slight edge imperfections, 
each $7.50. 
Size 2Y2" x 2Y2" Bausch & Lomb 
Prism, in housing. For photographic 
or astronomical purposes where the 
highest perfection is needecl, each 
$50.00. . 
Also the following - in metal 
mountings, ready to make into 
diagonals; fluoride coated; meet the 
most exacting requirements, corrected 
to 2 seconds of arc: 
Sizes: 

9/16" (15MM) x 11/16" (18MM) @ 
$2.00 (suitab!e for micro projection) 

1.1/16" (27MM) x 1.3/16" (30MM) @ 
$3.0o-for 6" & 8" diameter reflectors 

15/16" (34MM) x 1-1/4" (33MM) @ 
$3.50-for 6" & 8" diameter refle<:tor. 

Also: Amici roof prism, double in­
verting, guaranteed corrected to 2 
seconds of arc, 13/16" (21MM) x 
13/16", each $2.00. 

NOTE: Diagonals can be made to your 
specifications with above' prisms: 
Write us. 

ACHROMATIC NEGATIVE LENS, 
. about 2" F.L., suitable for Barlow 

lens, in metal mount 1-1/16" 
(27MM) 0.0.; dear aperture %" 
(23MM), each $2.00. 

POLAROID, mounted in optical glass, 
suitable for telescope or camera, 1" 
(25MM) diameter, 1/16" thick,each 
$2.00. 

Include Postage - REMIT WITH ORDER. 
NEW CATALOG of lenses, prisms, etc., now 

in print. Send 101 
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HARRY ROSS 
Microscopes, Sci<mti/ic and Laboratory . 

Apparatus 
70 W. B'way, N: Y. 7, N. Y. 

because of its restrained style. It gives 
an authentic,' graphic idea of the way 
in which our naval aviation is strafing 
the Japs on land and sea in the Pacific. 
At the same time, the book presents a 
comprehensive, instructive, and re­
liable account of bombing technique, 
its accuracy and destructiveness, and 
its limitations. This. is a fascinating 
book for the general public and for 
those professionally interested in avia­
tion. (225 pages with illustrations and 
maps.) --$3.10 postpaid.-A.K. 

ENOUGH AND TO SPARE 

By Kirtley F. Mather 

O
UR planet's important non-renew­
able natural resources, mainly min­

eral, are far more extensive than is 
commonly held, and will last for 1000 
to 5000 years, according to the Har­
vard professor of geology who in this 
book analyzes and discusses this large 
subject from several angles including 
its immediate implications for world 
organization and planning. Is man then 
to run through his recently acquired 
riches within only 5000 years, after 
living in poverty 500,000 years? Seen 
against this scale of propqrtion the 
reassurances of the cheerful cheerer­
upper leave the conservationist a con­
servationist still. (186 pages, 4% by' 7% 
inches, 10 illustrations, map, statistical 
data, bibliography.)--$2.10 postpaid.-
A.G.I. . 

NOAH'S SHOES 

By Max Fleischer 

W
HIMSICAL yarn about a man of to­
day who stocks an alit with all the 

animals, goes through a great flood 
and lands on Mt. Ararat, with innu­
merable sidelights on animal oddities 
in natural history, all of which the 
author claims are factual. (160 pages, 
5¥4 by 8 inches, unillustrated.)--$2.35 
postpaid.-A.G.I. 

FUNDAMENTALS OF 
ELECTRICITY 

By Charles E. Dull and 
Michael N. Idelson 

C
OMPACT and to the point is the text' 

of this book aimed at the level of 
eleventh and twelfth grades in school. 
It gives a sound basic presentation of 
the whole subject of electricity, in more 
comprehensive scope than is found in 
physics textbooks. (456 pages, 5% by 
7% inches, thoroughly illustrated with 
photographs and drawings.)-$1.30 post­
paid.-A.P. P. 

GENERAL METEOROLOGY 
By Horace Robert Byers 

W
HILE this textbook, by the profes­
sor of meteorology at the Univer­

sity of Michigan, starts at the begin­
ning, it is less elementary than some 
others and involves the calculus (a 
little, not heavily) and college physics. 
Its coverage includes dynamic and 
synoptic meteorology, with thermody­
namics, air mass analysis, and fore­
casting technique, as well as the sur-

rounding general aspects of meteor­
ology and the recent advances. Since 
considerably more advanced treatises 
exist, this one therefore rates as inter­
mediate and it probably would best 
suit the reader who prefers something 
fairly substantial. (645 Pllges, 53/4 by 
83/4 inches, 300 illustrations.)--$5.10 
postpaid.-A.G.I. 

PIONEERING THE HELICOPTER 

By c. L. liLes" Morris 

O
NE OF the nation's most skilful heli­
copter pilots, and the first to take 

the new kind of aircraft more than 
5000 feet above the earth, tells in live­
ly and simple fashion how the Sikor­
sky helicopter, to date the most suc­
cessful, grew from the experimental 
stage under the guidance of its de­
signer, Igor Sikorsky, until it was cap­
able of sustained vertical flight as well 
as hovering, and flying backwards and 
forwards with safety and precision. 
Mr. Morris was Sikorsky's chief test 
pilot in the helicopter development 
and his unpretentious account answers 
many of the questions the flight-mind­
ed layman has been asking about 
this newest form of aviation. (161 
pages, 5% by 8% inches and numerous 
photographs.) -$2.85 postpaid.-J.C_ 

ON YOUR OWN 

By Graham and Q'Roke 

W
ITHIN the covers of this one small 
volume are condensed the many­

sided field instructions for which you 
would surrender your whole fortune 
if suddenly ·stranded in wild country: 
how to find emergency food (plants, 
insects, other animals, anything to sup­
port life); how to deal with dangerous 
animals; how to avoid diseases; how 
to get out. For lack of this book the 
Swiss Family Robinson had many 
troubles. Your soldier or sailor son 
and his buddies would pore lengthily 
and perhaps profitably over these prac­
tical pages. (150 pages, 5 by 8 inches, 
52 illustrations.)-$2.10 postpaid.­
A.G.I. 

THEORY OF GAMES AND 
ECONOMIC STRATEGY 

By Von Neumann and Morgenstern 

M
ATHEMATICIANS will grasp the 'con­
nection between games and eco­

nomic strategy, which is approximately 
this: The exposition of the various ap­
plications of mathematical theory to 
games (and if you glance at this book 
you may get some glimmering of why 
it may be dangerous to get into a game 
with a mathematician, also the prin­
ciples involved in these applications, 
are used as a springboard for the 
newer investigation of sociological 
problems-but not as light summer 
reading except for mathematicians. 
The authors are respectively professor 
of mathematics at the Institute for Ad­
vanced Study (Einstein), Princeton, 
N. J., ancl professor of economics at 
Princeton University. (625 pages, 6 by 
9 inches, 103 figures.)-$10.10 postpaid. 
-A.Q.1. 
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Telescoplics 
A Monthly Department for the Amateur Telescope Maker 

Conducted by ALBERT G. INGALLS 
Editor of the Scientific American books "Amateur Telescope Making" 

and "Amateur Telescope Making-Advanced" 

I
N MAKING achromatic objectives for 

refractors, an approach from another 
direction than the more familiar one 
is described below' by Patrick A. Dris­
coll, 39 Bateau Terrace, Rochester 12, 
N. Y. While this "testplate method" 
involves a little more work, it requires 
no optical flat and avoids other head­
aches. 

Asked to tell about himself, Dris­
coll says: "In 1930 I stumbled across 
the telescope making hobby when I 
was a ship model fanatic, and suf­
fered 'a direct hit in the superstruc­
ture. I have had Carbo in my teeth ever 
since, having been an 'A.T.M.' (ama­
teur telescope maniac) and made a 5" 
and two 6" achromats, also eyepieces, 
prisms, and so on. I am now an experi­
mental lens maker employed by the 
Eastman Kodak Co., Hawkeye Works. 
Thus you might call me a sort of ama­
teur professional amateur." His article: 

SPECIFICATIONS-The data in Figure 1 
-the radii, r, each r being numbered 
with a subscript" and thickness t, 
similarly numbered-have been very 
carefully calculated to produce an ideal 
telescope objective. All tolerances have 
been worked out to give the greatest 
permissible leeway, for error in meas­
urements. 

Crown component: Bausch and Lomb 
Optical Co. (Rochester, N. Y.) Light 
Barium Crown LBC-2, Nd 1.5711, V 57.3, 
thickness at center 17 mm, diameter 

r. 

CROWN 

r, = + 935.51 mm. 
t, = 17mm. 
r, = +666-46 mm. 
r3 = -666-46 mm. 
t, = 14.50 mm. 
r4 = + 2884.64 mm. 

FLINT 

Figure 1: Specifications 

4%" (thickness of blank 19 mm, diam­
eter 5114"). 

Flint component: Bausch and Lomb, 
Extra Dense Flint EDF-2, Nd 1.6890 
V 31.0, diameter 4%", thickness at center 
14.5 mm (thickness of blank 18.5 mm, 
diameter 5114"). 

Finished diameter, 125 mm; e.f.1., 
1480.82 mm (58.30"); focal ratio 11.84. 

Hold thickness of each component to 
plus or minus 1 mm; radii to 1 in the 
third significant figure (for example, 
plus 666.46 would be passable at 665.46). 

To convert millimeters to inches, 
divide by 25.4. 

METHOD-In place of the method in­
volving regrinding or repolishing the 
fourth surface to correct variations of 
curves on the other three, we shall 
first make concave test plates, or mas­
ters, to match the desired curve of each 
lens surface, controlling them by our 
familiar old friend the Foucault knife­
edge test, and then test our lens sur­
faces against these test plates by means 
of Newton's rings and the simple set­
up described in "A.T.M.," page 244. We 
shall then be sure that, since the origi­
nal computations and specifications by 
which we make the masters are cor­
rect; and since we shall make the mas­
ters correctly to them; and since we 
shall make the lens surfaces faithfully 
to these masters, our achromatic lens 
itself will be-must be-correct. 

Making our test plates will be ex­
actly like making spherical mirrors, 
but four spheres look like a lot of 
work. Let's investigate. 

Surface 1, the rl surface of Figure 
1, calls for one test plate. 

Surface 2 will be worked against 
surface 3, tool-and-mirror fashion; sur­
face 3 becomes the test plate for sur­
face 2. 

Surface 4 calls for a test plate. 
Net extra labor, therefore, two tem­

porary test plate curves-minus the job 
of making a flat. 

' 

For the first of the surfaces-surface 
1 (+935.51 mm)-we shall use the 
crown blank as the tool and work a 
5%" disk of common one-inch plate 
glass to the corresponding concave 
radius; roughing, grinding, and fine 
grinding precisely as in producing a 
spherical: mirror, as described in 
"A.T.M." To obtain the desired curva­
ture, an arc of. radius 935.51 mm is 
scribed on a thin piece of window 
glass at least 14" long, using a glass 
cutter, and this glass is broken apart 
to make a template ("A.T.M.," pages 
310, 344); the best 6" section that shows 
evenness of break being used. Our tool, 
when this is done, will be our crown 
component and will have been com­
pletely fine ground to curve on one 
side. 

For the other test plate, the one for 
surface 3 (-666.46 mm), we use the 
other side of the crown as the tool and 
the flint as the "mirror," proceeding 
as before. The result is the flint fine 
ground to -666.46 mm and the second 
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surface of the crown similarly fine 
grqund to the corresponding plus curve. 
This finishes the grinding of the crown; 
care, of course, having been taken to 
bring it to the desired thickness-the 
computations called for 17 mm and we 
started with 19 mm, a 2-mm leeway 
for grinding. We also have, as has al­
ready been stated, a 1-mm plus or 
minus tolerance on thickness of either 
component. This will eliminate elab­
orate miking devices and automatically 
chloroform that bugaboo of the ama­
teur optician, the fear of deviating 
from stated formulas. We would not 
ruin our reputation in optics nor would 
we spoil the performance of our ob­
jective lens if, on completion, the latter 
were to come out with a crown curve, 
for example, of plus 666.00. Any such 
small percentage of error still will pro­
duce a good achromat. anq. a pleased 
maker. 

In grinding a lens having a curve 
on either side it is important that the 
surfaces be centered with respect to 
each other; that is, that the optical 
axes of the respective surfaces be 
made to coincide longitudinally; other­
wise we shall have what is termed, a 

SLIP FIT �,,- I 
ON 

M ICROMETER� 
ANVILS 

MAKE?" 
. 

TWO 

Figure 2: Adapled mike 

prismatic lens and this "prism" then 
could be removed only by centering 
the lens far below the diameter we 
want. The 5%" blanks have enough 
excess of glass for centering out slight 
errors in edge thickness but, when 
grinding the second sides, we should 
occasionally check the thickness at 
several points around the circumfer­
ence. Micrometering is best but meas­
uring with 'a steel scale will be satis­
factory at this stage. The mike shown 
in Figure 2, with' some kind of stop­
block attached, will give very accurate 
readings, but such close readings-an 
alternative for the most exacting ama­
teur-are unnecessary. 

If one side shows thicker than the 
other, apply more grinding to the thick 
side. Stop occasionally moving around 
the lens and make extra strokes on 
that side. 

For the last step in the grinding 
operations we now take our flint blank, 
which is already ground to the 
-666.46 curve (surface 3) and, turn­
ing it over and using it as a tool, place 
the plate glass test plate (which al­
ready has the -935.51 curve fine 
ground on it) flat side down and once 
again make a concave surface, this time 
-2884.64. When this concave test plate 
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COMPLETE HIGH·ORADE KITS 

OUR SPECIALTY 

Each kit has two at- dixs 
(correct thidrn_) tempered 
pitch, 8 auol'ted abrasives 
including rouge (fewer may 
not give perfect optical sur­
face), inltructions, FREE 
ALUMINIZED DIAGON· 
AL,etc. 

MIRRORS, made to order 

4" Kit:.: . . . _2.115 

I
Pyra, _4.00! 

6" Kit. . . . .. 4.00 Pnu, 5.50 
8" Kit . . . -. .. 6.50 l'y.-s, •• 00 

10" Kit ...... 10.00 Pyru:, 15.00) 
12 " Kit 15.00 Pyrex, 25.00) 

PRISMS 1 '14" $3.75, 1 '12" $4.50 

ALUMINIZING 
A harder and brighter aluminum calting tbat is 
lUlifol'm and produce. a lasting and superior re­
!lecting .urfau.. Guaranteed Dot to peel 0 r blister 

S"· . . . . . . . . . . . . . . . . . . . . . . . $2.60 
8" . . . . . . • . . • . • . . . . • . . . . • .  $3.50 

10" . . . . . • . . . . . . . . . . . . . . . . .  $11.00 
Mirrors for Cameras, Range Finders 

and other optic:a1 instruments. 

Write for· PREE ILLUSTRATED CATALOGUE 

THE PRECISION OPTICAL CO. 
1001 East lUrd Str.et 

New York 69, No Y. 

ALUMINIZED 
SURFACE HARDENED COATINGS 

Get the BEST. No·change in price •• 

PRECISION PLUS 
ALUMINIZED DIAGONALS, Rectangular, 
pitch polished flats, suitable for 4 H abort focul 
and 6" and 8" long fOCUIICOPe.s. 1%" x 100a". 

Price, tlat to Y, wavelength $2.50 ea., flat 
to V. wavelength $3.50 ea., tlat to 1/10 wave· 
length $5.00 ea. 

LEROY M. E. CLAUSING 
5507-5509 Lincoln Ave. Chicago 25. III. 

REFLECTING TELESCOPE KITS 
OUR SPECIALTY 

PARABOLIO PYRXX MIRRORS Made '" order, 
correotb lIgured, poU.sbed, aDd parabaH1e4. PrecIae 
worklnWhlp guaranteed. � on requ..$. 

WE DO POLISHING, PARABOLIZINO. AM> 
ALUMINIZING 

Send for PRE!!: ILLUBTRATB:D CATALOGUE 
M. CHALFIN 

G.P.O. Box 207, New York, N. Y. 

TELESCOPE 
MAKERS 

Quality materials of the RIGHT tlnd. 
0" Kit: - Glasa, abra.oive8, pitch, rouge, and 
Instructions . . . . . . . . . . . . . .. • • .  . . • . . . . •. $5.00 
LENS GRINDER, pitch, abrasl;ves . • • • •  $5.00 
HOBBYGRAF N;FORMATION-INSPECTION 

:
e 

e��:cr�t t��lBben�ty�f � 2�rl:"1Ia� 
,Jo�n M. Pierce, 11 Harvard St., Springfield, Vt. 

A Popular Illustrated 
Astronomical Monthly 

For amateur astronomers - new star 
c�arts, Gleanings for telescoPe makers, 
page for observe.rs, and celestial photos. 
$2.50 a year, domestic; $3.00 in Canada. 

Single copy, 2' cents. 

SAMPLE COPY ON REQUEST 
SKY PUBLISHING CORPORATIBN 

Harvard Observatory, Cambridge 38, Mass. 

is finishEd in its fine grinding, the last 
side of the flint lens is also finished to 
+2884.64 so far as griilCling is con­
cerned. Care is taken again to bring it 
to tolerated thickness and to check for 
prism. OUr test plate also is finished, 
so far as grinding is concerned, since 
it now has concave curves on both 
sides. This eliminates a second plate 
glass blank and gives us something to 
feel really bad about if we drop it. 

The flint lens, having a concave sur­
face on one side-exactly the same 
curve as the convex surface of the 
crown-automatically becomes the third 
test plate surface; the only drawback 
being that, in placing the flint imd 
crown together for testing purposes, 
care must be taken not to slide them 
and scratch the flint lens. 

In all stages of the fine grinding on 
all- the surfaces of the test plate and 
components we have made every effort 
to fit the lenses tightly to the template. 

Because emery, which is graded in 
mesh sizes, is more consistent in grain 
size than Carbo, I prefer to do grinding 
with emeries. Suitable emeries are 
made by Bausch and Lomb and by the 
American Optical C'o. Since the time 
lost in washing up and changing during 
use of very elaborately graduated series 
of emeries, such as eight sizes, tends to 
annul the time saved by their use, three 
sizes only-No. 180, No. 500, and No. 
1200-will fully suffice and will produce 
perfect work. 

This will be especially true if the 
micrometer is used for measuring glass 
removal and for controlling the old 
bugaboo, pitted edge. Before grinding 
is started, a permanent mark-nick with 
a file or a glass cutter-is made .on the 
edge of the blanks. After the lenses 
have been brought to fit the template 
with No. 180, they are miked near this 
mark and the reading js written down. 
At least 0.008" of glass. thickness must 
then be removed with No. 500 in order 
to wipe out all pits left by No. 180. 
At least 0.004" additional must similarly 
be removed by No. 1200. 

During work on all sizes the familiar 
trick of inverting and working the tool 
on top should be made available for 
helping to arrive at gage fit. 

In roughing out with No. 180, a long 
stroke-almost edge to center-may be 
used. 

If the mark is overshot in the 500 
stage, the curve may be brought close­
ly to gage through resort to several al­
terations of inversion and return. No 
departUte thicker than an average sheet 
of writing paper should be permitted 
to creep in at the second and third 
stages. 

In all stages of emery it is most im­
portant to spread it evenly. A blob of 
emery in the center will dig its own 
hole, and a smear on the edge will turn 
the edge. 

The emery should be watery, not 
thick. In the 1200 stage it should not 
be allowed to dry out too much. A wet 
mixture cuts faster and reduces the 
likelihood of scratching. 

After the 500 stage, and again at the 
1200 stage, the edges should be beveled 
slightly with some 500 and a small 
piece of glass. To eliminate- any chip­
ping of the edge the bevel should be 

retained throughout the 1200 stage and 
throughout polishing. 

POLISHING-Now, after many tedious 
hours, we are ready to polish. Let the 
good worker's rule be: "Never polish 
one side until the other side is ground." 
Thereby hangs the tale of no scratching. 

The test plate must be polished first, 
in order to give us a master reference 
to apply to the crown and flint curves. 

In polishing we can once more refer 
to "A.T.M.," page 85, for procedure; 
except that, having polished innumer­
able lenses both by machine and by 
hand, . I wish to make a suggestion that 
will immensely benefit the amateur, 
both in polishing time saved and in the 
figure produced. That is, to make our 
polisher 6/5 the diameter of the lens, 
when working with lens on top of the 
polisher, and 5/6 the diameter of the 
lens when working with the polisher 
on top. 

In polishing lenses of such long radii, 
it is not necessary to have a curved 
polisher base. For a base we can use 
flat plywood disks, heavily shellacked. 
Let the thickness of the pitch be ap­
proximately 3/8" and, when the pitch 
is shaped to curve, scratch lines into 
it to form about %" squares· about 
1/16" deep. Lines this close and this 
shallow wiil flow in more quickly than 
a more familiar kind but will give more 
polishing facets. They will also facili� 
tate the rouge flow, and keep better 
contact with the lens. Do not try to 
cut them in an absolutely even pattern; 
merely scratch them freehand, as they 
flow in. 

The -935.51 curve on the plate glass 
test plate will be our first polishing 
surface, and here we can take heart in 
the fact that neither side of the test 
plate has to be completely polished out. 
It is necessary only that we have a 
fairly good polish on it so that under 
Foucault's test it will give a reason­
ably bright reflection. Don't worry 
about pits but, if you feel that a test 
plate surface should be perfectly- pol­
ished, then polish it perfect and accept 
my commendation on your persever­
ance. 

We set up the Foucault test to find 
our radius of curvature and in so doing 
we once more digress from the famil­
iar method, substituting for the opaque 
knife-edge a piece of thin glass (micro­
scope specimen slide?) frosted on one 
side, and for the pinhole a 1/4" hole 
covered with coarse wire mesh (win­
dow screen), arranging these so that 
knife-edge and pinhole will move al­
ways equidistant from the lens. These 
are shifted to the point where the image 
of the pinhole is sharpest on the ground 
glass. With a steel tape, one end held 
by our partner (friend wife?), this 
distance is measured from the center 
of the test plate. My experience has 
been that any good steel tape will 
measure accurately within the tolerance 
to which we are working. One half 
millimeter is close enough. If over or 
under the specification, the test plate 
curve must be brought within the tol­
erance by polishing. 

Driscoll's instructions will be contin­
ued next month but the specified glass 
is temporarily unavailable: war. 
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