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T Y P I CAL CASE

MILLING MACHINE 

Here is how War Assets Administration's 

new price has been set for a typical machine; 

Model 2K Kearney and Trecker Milling 

Machine , vertical knee action; War Assets 

Administration S. C .  Code 3417-23-20-28. 

Price (New) .. , , . .  , _ . . .  _ .  _ .... 
Previous W.A.A. Sales Price 

(based on depreciation 
primarily) . .  _ . . . . _ . .  _ . _ _  • • • •  

Average Market Value . . . . • . .  _ .  
New W.A.A. Sales Price . . . .  _ . .  
Available for rebuilding . .  _ _ _ _  . .  

$7,05 4.00 

4,091.00 

2,5 56.00 

2,045.00 

5 1  1.00 

Sales to priority claimants. which Include Federal Agencies. 
Certified Veterans. World War II. and subsequent priority 
claimants. wUl be made In proper sequence as required by law. 

MACHINE TOOL 
SALES DIVISION 

31 TYPES OF 

GENERAL 

PRODUCTION 

TOOLS REPRICED 

Boring Machine-Horizontal, Preci
sion, Bridge Type, Single and 
Double End 

Chucking Machine-Automatic, Ver
tical, Multiple Spindle Type 

Chucking Machine-Single Spindle 
Automatic, Horizontal Turret 
Type Machine 

ChucklOg Machine-Six Spindle Au
tomatic, Horizontal 

Drilling Machine or Drill Press
Bench or Floor, Single or Multiple 
Spindle 

Gear Cutting Machine for Straighr 
Bevel Gears, (Not Planer Type) 

Gear Hobber-Horizontal 
Gear Hobber-Vertical, Universal 
Gear Shaper-For External Spur 

Gears Only 
Gear Shaper-For Spur Gears, 

External or Internal 
Gear Shaper-For Spur and Helical 

Gears, External and Internal 
Gear Tooth Shaver-For External and 

Internal Gears (Rotary Type 
Machine) 

Gear Tooth Grinder-Generating 
Type, for Spur and Helical Gears 

Gear Tooth Grinder-For Spur Gears, 
External and Internal 
(Formed Wheel Type Machine) 

Grinders-Centerless 
Grinder-Crank Pin Grinders 
Grinders-Plain External Cylindrical 

Grinder 
Grinder-Internal, Cylindrical, Auto

matic Sizing 
Grinder-Internal Cylindrical 

(Hydraulic Feed Machine) 
Grinder-Internal Cylindrical, 

Hydraulic Feed, for Hole and Face 
Grinding 

Grinder-Surface, Rotary Table Type 
Lathe-Multiple Tool, Not Automatic, 

Manufacturing Type Production 
Lathe 

Milling Machine-Automatic and 
Manufacturing Knee Type 

Milling Machine-Plain Bed Type, 
Horizontal Spindle Machines 

MillingMachine-V ertical,KneeType 
(Not Including Bench Type) 

Polishing and Buffing Machine
Bench and Floor 

Profiling Machine-Vertical, Fixed 
Bed Type, Single and Multiple 
Spindle 

Tapping Machine-Vertical, Single 
or Multiple Spindle 

Thread Grinding Machines 
Thread Milling Machine 
Turret Lathe-Ram Type, Plain and 

Universal 



NE W "FIXE D PRICE " POLICY 

E STABLISHE D  ON 31 TYPE S OF 

SURPLUS MACHINE TOOLS 

Here is good news indeed for the man who is trying to purchase general 
purpose production tools for replacement, reconversion or new enter
prises. Now you can go into any of War Assets 33 Regional Offices, any 
machine tool site sale in the United States, or any approved War Assets 
Administration dealer and buy at the same fixed price, everywhere, the 
tools in these 31 groups listed at the left. No waiting for complicated 
figuring of prices, checks against priorities or other delaying factors. 
The tools are available in such quantity that your purchase can be cleared 
on the spot, and immediate delivery arranged. 

But even more important is the principle under which the new low 
prices have been set_ As the scale at the right indicates each price takes 
into consideration your costs of rebuilding the tool to new condition, 
engineering, service, etc. It is set weU below the current market price for' 
similar equipment sold on a full service basis. The differential is approxi
mately 25% below market-enough for men with tooling "know-how" 
to realize a neat "extra" profit and at the same time acquire modern 
machine tools. 

Plan now to check at once the detailed price and specifications list
now available in every War Assets Administration office (machine tool 
sales division) and the offices of your approved W.A.A. machine tool 
dealers. 

FOR DE TAILE D PRICE CATALOG 

WRITE, WIRE OR PHONE: 

1. Your Regular Machine Tool Dealer 
War Assets Administration has appointed 
more than 3,000 "approved" dealers through
out the U. S. 

2. W.A.A. Machine Tool Sales Division 
In any of the 33 War Assets Administration 
Regional Offices listed below. 

EXTRA 
PROFIT 

AREA 
For Alert Buyers 

With Tooling 

"Know-How." 

Yo u c a n  com· 

pl etel y rebuild 

th e t ool. m e et 

engineering and 

haulag e cost s and 

still save money. 

WARASSE1i NISTRATION 
Offtce, located at: Atlanla • Birmingham 

8oston • Charlotte • Chicago • Cincinnati 

Cleyeland • DoUas • Denver • Detroit • Fort 

Worth • Heleao • HouI'on • Jacksonville 

Kanl.s City. Mo . •  U"I. Rock · LOl Anll!e'u 
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louisville· Mlnne.poll •. Nashville. New 

O,lean, New York .Omah. 

Philadelphia • Portland, Ore. 
'

. Richmond 

St. louis • Soh Lake City • San Antonio 

San Francisco • S.attl. • Spokane • Tul •• 

W. A. A.'s NE W 

PRICING 

PRINCIPLE 

DEPRECIATION . 
. 8A5E� .. PRIMARILY, 

ON 



INDUSTRIAL DRAMA: Pipe of asbestos and cement, 
and with a number of outstanding physical character
istics, is made on the machine illustrated on our front 
cover. In this Johns·Manville photograph, a completed 
length of pipe, ready to be taken from the mandrel and 
cured, is shown in the foreground. See article on page 27. 
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DI ESE�S, FUEL, A N D  POWE R 

MANUFACTURERS of the most efficient machines known 
today for converting oil to useful energy-Diesel engines 
-are fa�ed with a serious problem. Their engines, by 
some mistakenly thought to thrive on a:lmost any kind 
of fuel that is fed to them, deliver their peak efficiency 
only when operated on the right fuel. ( See also "A 
New Diet for Diesels?" page 21, this issue.)  

But here's the present catch : The best grades of 
Diesel fuel, formerly a by-product of petroleum refin
ing which the refiners were glad to get rid of at a rea
sonable price, now loom large in the production of 
high-octane gasoline. Catalytic cracking is the answer. 
Cat-crackers take in good Diesel ( and furnace) oil in 
the process of turning out gasoline at a higher profit. 
So it looks as though, if this trend continues, Diesel 
users are facing the possibility of constantly increasing 
fuel costs. 

Of course,' it is probable that Diesels could be re
designed to use the poorer grades of gasoline-produc
tion by-products that result from cat-cracking proc
esses, but this would tend to obsolete some 97 million 
installed horsepower of Diesels now rendering good 
service. Also, the poorer fuel oils would vitiate many of 
the advantages of the Diesel that are just becoming 
recognized. 

Disregarding, fQr the purposes of this discussion, _ any 
selfish motives of either the Diesel engine manufac
turers or the producers of Diesel fuel, there is one 
single point of interest and importance to every man, 
woman, and child in the United States. This point in
volves the conservation of oil supplies. The Diesel
whether on board ship, in a locomotive, doing humble 
service in a power plant, propelling a heavy-duty truck 
on the highway, of whatever-is turning out the greatest 
amount of energy per gallon of crude removed from 
the bowels of the earth. And these gallons are limited 
in number. It is simple logic, then, to conserve them by 
putting them to the most efficient use. 

Gasoline is essential to our national economy, of 
course. But so are the Diesels, and increasingly so. 
There must be a meeting of minds in the Diesel and 
petroleum industries, to the end that each will benefit 
to the other's advantage. 

N.B.-American Diesels today consume a billion 
and a half dollars worth of fuel annually. Some 64 
percent of the world's shipping is propelled by Diesels. 
American trucking is wide-open to Diesels ; as yet only 
less than 1 percent of the trucks on our highways are 
Diesel equipped, leaving a fertile market if engine 
makers and fuel producers can see eye-to-eye for the 
future conservation of petroleum as a power producer. 

H OW DOES IT S M ELL? 

DOEs THE product of your company have a character
istic odor? If it does, you may not even be aware of it. 
But it is quite possible that customers and potential 
customers are--and therein may lie the difference be
tween a rising sales curve and one doing a nose-dive. 
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It is really astonishing to find what effects odors can 
have on ultimate purchasers, and this applies to hard
boiled purchasing agents as well as to members of the 
fair sex selecting their stockings aud filmy undergar
ments in their favorite store. 

Here are a few cases in point : Female employees in 
an industrial plant objected to a permeating odor around 
their machines. Specialists investigated, found an oil 
to be the offender. Addition of a chemical odor-sup
pressor saved the day. Plastics handbags sell better in 
department stores if they are first treated to remove 
their natural odor. Scented hosi'ery is bought in pref
ference to unscented hosiery but, oddly enough, a sur
vey has shown that purchasers are not consciously in
fluenced by the odor; they imagine that the scented 
goods have a better texture or a more appealing color, 
although texture and color .are 'identical. Here the nose 
obviously over-rules the other senses. 

The list lengthens. Manufacturers of such diversified 
things as carbon-paper, shoe-polish, paints, textiles, 
waxes, rubbers, and so on, are applying the odor-im
proving technique to their products witn increasingly 
effective results. 

N EW PRODUCTS FROM OLD 

TAKING things apart and putting the parts together 
again to form entirely new products is a favorite pas
time of the industrial researcher. Now l\f. W. Kellogg 
Company has come up with a new process, using liqui
fied propane gas at a pressure of 500 pounds per square 
inch as a solvent, for separating a vast number of use
ful products from fish and vegetable oils. At this pres
sure, a variation of one or two degrees, Fahrenheit, can 
mean the difference between producing' a vitamin, a 
better soap ingredient, a paint that dries quicker, or 
more salad dressing. Into the process can go fish oils, 
soybean oil, tallow, cottonseed oil, and the like. Out of 
it comes refined products of greatly increased value, at 
a relatively low cost per pound for processing. 

STRAWS I N  THE W I N D  

. KEEP AN eye o n  Brazil a s  an important future source 
of raw materials for industry in the United States : as 
these lines go to press, the writer is leaving for an ex
tended tour of the non-ferrous mines and mills of 
Brazil ; r�port will appear next month. . . Thin wood, 
held together with cotton tape and adhesives, is making 
its mark in the wooQen box industry, where thick sec
tions of materials were formerly thought indispensable . 
. . . A new chemical, sprayed on trees and plants, seals 
out insects and fungus organisms, expands with growth, 
and is reported to have no deleterious effects on fruits 
or vegetables. 
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50 Years Ago In 

(Condensed from Issues of Janua ry, 1897) 

N ICKEL ST E E L  - "Outside of the application of nickel steel 
by the United States Navy to annor, angles, rods, thin plates, 
engine shafting, hull plates, an experimental gun, the bar
rels of small anns, torpedo netting, etc., may be mentioned 
its application to bicycle frames and handle bars, steam 
boilers, and difficult steel castings. In fact, wherever a 
tough metal of high resistance and low corrodibility is 
wanted, this alley is applicable." 

WELDED RAILS - "The first 
'
efforts to secure a continuous 

metallic joint in railroad rails were made by electrical 
welding and this was followed by what is known as cast 
welding ... As to the question of expansion and contraction 
of the rails due to change of temperature, it was proved in 
an experimental test at Johnstown, a few years ago, and in 
subsequent tests, that the elasticity of the steel is capable 
of accommodating such changes of length as take place . 
. . . Mr. W. K. Bowen, superintendent of the Chicago City 
Road ... stated that, of the 17,000 cast welded joints made 
on his road in 1895, only 154 were lost, and these breakages 
were due to flaws in the metal. Comparative tests have 
shown the joint to be 'far stronger than the rail itself.''' 

GLASS B RICK - "A feature of the recent Stuttgart exhibi
tion was a display of buildings which were constructed of 
what is known as the Falc.onnier's blown glass brick. The 
bricks are blown h.ollow in the same way as a bottle, the 
color which is most commonly used being a very light 
bottle green, bottle glass being the strongest; though yellow 
brown or other shades of green may be used if desired. . . 
Perhaps the most valuable feature of these bricks is that the 
air which they contain is an excellent non-conductor .of 
heat, and tends to keep a house cool in summer and warm 
in winter." 

PAPE'R C LOTHING - "The Japanese have for a long time 
been making underclothing of their finely crisped or grained 
paper after the sheets have been pasted together at the 
edges so as to form large pieces." 

ESCALA TOR - "The accompanying engraving shows the 
working of a new style of elevator which is being put to a 
practical test by the trustees of the Brooklyn Bridge. . . 
The elevator is placed to the right of one of the stairways 

that lead to the station platf.onn. The belt, or movable floor
'ing, has an inclination of 25 degrees, the vertical lift �eing 
7 feet, and it travels at the speed of 80 feet per mmute. 
Broadly stated, the device is an inclined belt conveyor, 
similar in its action to those which are used for rais
ing baggage from a steamer's deck to the dock level. It 
consists of an endless belt, made up of transverse cast iron 
slats ... The capacity of an elevator 20 inches wide is 3,000 
persons per hour." 

EXPORT - "There is no doubt that the American manufac
turers of labor-saving machinery and implements are de
v.oting more attention to the possibility of building up and 
extending an export business with foreign countries than 
they have done for many years." 

PIGEONS - "The use of h.oming pigeons as messengers is said 
to have received considerable attention at the United States 
Naval Academy ... Many newspapers use pigeons as mes
sengers with decided advantage for the transmission of 
news and so some of the recent election returns were 
brought in by carriers. Improvements in method and ap
paratus follow the new uses of the birds. The old way of 
attaching a quill with the message to the tail feather of 
the homer has been improved recently by an invention of 
Prof. Henri Marion, of the Naval Academy, a small water 
tight aluminum message holder, weighing less than eight 
grains, which can be fastened to the pigeons in an instant." 

PATENT ATTORN EYS - "The public, it is to be hoped, are 
awaking to the fact that the personal element in patent prac
tice needs purification. Under existing conditions, inventors 
themselves must do the purifying by selecting reputable 
firms for their representatives in Patent Offi!=e 'proceedings." 

100 Years Ago In 

(Condensed from I ssues of January, 1847) 

BULLETS - "There is a machine employed in St. Louis in 
making bullets, of which it turns out 180 per minute.-Tw.o 
millions of balls have been shipped for the seat of war 
within two weeks." 

UN ION STATION - "A movement is being made at Wor
cester, Mass., to erect a new central depot which will ac
commodate and concentrate the business of all railroads, 
and promote the convenience of the public by enabling all 
the railroads coming into Worcester to centre at one point." 

WAR SHIP - "There is now before Congress the plan .of a 
fireship, made by Mr. Brown, of Illinois, for marine and 
harbor defence. It is so constructed as to reflect off shot, 
while it is capable of enveloping in a single moment, an 
enemy's ship in a sheet of inextinguishable fire." 

BRIDGE - "An iron bridge, in size and magnificence, per
haps, never before equalled, is about to be erected, with a 
corresponding viaduct across the Tyne, from Gateshead to 
Newcastle-upon-Tyne, for the Newcastle and Berwick rail
way ... It is to consist of six cast iron circular-arches, with 
a curved approach at each end. The span of the arches will 
be 125 feet, supported on pillars 211/2 feet high, and 14 inches 
square." 

STEAM E R  - "We learn from Pittsburgh that the iron steam
frigate Allegheny, will be completed and ready to launch in 
February next." 
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WE'RE GLAD THAT BIRCH TREES SWAY 

The telephone wire which runs from the 
pole in the street to your house is your 
vital link with the Bell System. More 
than 17,000,000 such wires are in use. 

The wire becomes coated with ice; it 
is ripped by gales, baked by sun, tugged 
at by small boys' kite strings. Yet Bell 
Laboratories research on every material 
that goes into a drop-wire-metals, rub
bers, cottons, chemicals-keeps it strong, 
cheap, an4 ready to face all weathers. 

Now a new drop-wire has been devel
oped by the Laboratories which lasts even 
longer and will give even better service. 

It has met many tests, over 6 or 7 years, 
in the laboratory and in field experiments. 
It has been strung through birch thickets 
-rubbed, winters and summers, against 
trees, and blown to and fro by winds. In 
such tests its tough cover lasts twice as 
long as that of previous wires. 

House by house, country-wide, the 
new wire is going into use. Wire is only 
one of millions of parts in the Bell Sys
tem. All are constantly under study by 
Bell Telephone Laboratories, the largest 
industrial laboratory in the world, to im
prove your telephone service. 

Drop·wire undergoing abrasion tests in 

birch thicket ··Iaboratory." Below, the 

new drop-wire, now being installed. 

BELL TELEPHONE LABORATORIES 

EXPLORING, INVENTING, DEVISING AND PERFECTING FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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By JOHN MARKUS 
Associate Editor. Electronics 

WITH a distinct trend in in
dustry toward light metals 

and high speeds for machines as well 
as motor vehicles and aircraft, vi
bration testing becomes an impor
tant field of investigation. As speeds 
go up, flutter tests become increas
ingly more valuable, and are abso':' 
lutely essential in aircraft and 
rockets approaching or. exceeding 
the speed of sound. 

Great bridges, designed to with-

6 

Vibration Effects, Sometimes Revea led by Struc tural Fa i lu res, and 

Always Ha rd to Eva luate In Design, Are Accurately and Safely Tested 

by E lectromagnetic Vibrators. With These Uni ts, Forces of Controlled 

Ampl itude and Frequency a re Conveniently Used on Crit ical  Members 

stand static loads with an ample 
margin of safety, have crashed to 
destruction once set in vibration by 
gusts of wind; critical moving mem
bers of machines have failed mys
teriously after long periods of satis
factory service, simply because met
als get tired or fatigued when sub-

jected to apparently insignificant vi
bration for a long period of time. 

Eixposing experimental structures 
to electronically produced and con
trolled vibrations at accelerated 
rates is a simple and effective way 
of determining beforehand whether 
designers have properly allowed for 
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• L O O KING A H E A D . 
Fewer mysterious structura l "acci
dents" . .. Longer life for machinery 
subjected to vibration . . .  More effi
c ient, l ighter designs through el imi
nation of unneeded "beef". . . 
Smoother ridin g  buses and trains on 
better spring suspensions. 

the most severe conditions of vibra
tion that might be encountered in 
actual use.' Thousands of dollars can 
be saved and many human lives 
and injuries can be spared by mak
ing such failures occur before a· 
single production model has left 
the factory, and by correcting de
sign faults before they can take 
their toll. 

To accomplish such testing, the 
principle of resonant vibration is 
now being utilized in an electronic 
vibration eiciter for structural tests. 
One or more shaker units, each es
sentially like a radio loudspeaker 
without the latter's paper cone, are 
positioned near the automobile body, 
structural beam, aircraft fuselage, or 
other structure to be tested. The 
moving element of each shaker is 
coupled to a metal rod that fits onto 
a rubber suction cup attached to the 
structure. Thus the shaker need only 
be energized at the natural vibrat
ing frequency of the structure in 
order to produce, in a few minutes, 
vibrating forces so strong that iron 
beams snap in two, huge aircraft 
fuselages pop or "oilcan" like a 
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Two exciter units rigged to create complex vibration patterns in plane wing 

child's toy cricket, and 30-ton 
bombers actually bounce off their 
landing wheels. 

Finding the right vibrating fre
quency and supplying sufficient 
power to the shakers at -that fre
quency is the job of the two elec
tronic cabinets which constitute the 
heart of this new structural testing 
equipment. Made by The Rollin 
Company, the electronic vibrator is 
primarily designed for making flut
ter tests on large aircraft structures. 
It provided separately exciting vi
bration at each mechanical resonant 
frequency of the unit under test, as 
contrasted to brute-f€lrce mechani
cal apparatus by whic� vibration is 
created through the use of a rotating 
unbalanced mass driven by a con
stant-speed motor. 

In comparison with such mechani
cal systems, the electronic method 
offers a much greater flexibility and 
far more accurate control over the 
vibration forces being applied. When 
desired, vibration forces may be 
established accurately and simul-

7 



taneously at several points on a 
structure. Also, the operator has 
fingertip control over the phase and 
amplitude relationships of the sev
eral vibration forces being exerted, 
permitting excitation of torsional 01'

bending stresses, either symmetrical 
or anti-symmetrical, at wilt 

TREMENDOUS FORCES The 
DouglasC-74 (DC-7) airplane, for' 
example, was caused to bounce verti
cally on its landing gear by apply
ing vibration exciting forces to the 
wings, adjacent to each side of the 
fuselage. The mass of the airplane 
-30 tons-and the compliance of the 

tires resonated at a frequency of 
114 cycles per minute. Two electro
magnetic shakers were used and 
the peak force required to produce 
the vertical bouncing was only 45 
pounds per shaker. Thus, tremen
dous mechanical forces can be de
veloped through the phenomenon 
of. resonance. 

In another test, the wing of a large 
airplane was excited by anti-sym
metrical bending forces. These im
parted a torsional motion to the 
fuselage, causing the entire tail as,. 
sembly to whip from side to side 
and making the fuselage produce 
loud snapping sounds like those of 
an oilcan being pressed on the bot
tom. 

The equipment is also ideally 
suited for making accelerated re
peated load or fatigue tests-to the 
point of failure or destruction-to 
determine the physical properties of 
various structural members or cer
tain materials. A resonant force of 
200 pounds, for example, may be ex
erted alternately in tension and 

8 

Electronic equipment in cabinets (above) will drive shakers 
on floor over a wide frequency-amplitude range. Shaker 
unit (left), is basically similar to a radio loudspeaker 

compression on a sample structural 
member for 80,000 cycles in two 
hours. A similar test employing mo
tor-driven, cam-operated apparatus 
operating at the rate of 10 cycles 
per minute would require well over 
100 hours. 

An outstanding factor in this 
method of fatigue testing is that in
cipient failure of the sample throws 
the system off resonance. The reso
nant frequency is reduced and con
tinuing reduction is an indication 
of impending failure of the sample 
material. 

The driving force of the testers 
is produced by electromagnetic vi
bration motor or shaker units em
ploying the same principle as the 
electro-dynamic loudspeaker of a 
radio set. These shakers are ener
gized by a vacuum-tube oscillator 
and power amplifier. The frequency 
of the oscillator can be controlled 
over a range from two cycles per 
second to over 500 cycles per second. 

A shaker unit comprises a mov
able armature coil suspended in the 

air gap of a magnetic circuit op
erated at high flux density. The field 
coils which produce this strong mag
netic flux are wound with 100 
pounds of copper wire. The complete 
shaker weighs about 225 pounds and 
can produce a peak blocked driving 
force of 150 pounds. A mechanical 
connection to the armature transfers 
this force to the structure under test. 

In operation, the armature coil 
can move as much as % inch in 
either directions from the rest po
sition, less than five pounds -of 
pull being required to move it all 
the way. A unique copper suspen
sion system keeps the coil centered 
in the air gap during motion. 

PHASE RELATIONSHIPS - Many 
vibration tests require means for 
applying vibration forces of differ
ent phase to two points on a struc
ture, such as for creating torsional 
types of vibration. For this reason, 
two identical electronic exciters are 
provided, each in its separate cabi
net and driving its own pair of'shak
ers. If only one pair of shakers is 
requir:ed the unused unit then serves 
as a standby set, a desirable feature 
since interruption of tests on a large 
structure is quite expensive. 

In addition to controlling the 
phase, the amplitude relationship 
between the two cabinets and pairs 
of shaker units can be continu
ously controlled to the point where 
one pair of shakers produces a rela
tively low driving force while the 
other pair is producing a high driv
ing force. In this manner, sweeping 
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of the point of application of the vi
bration force being applied to a 
structuJ;e may be varied at will. The 
equipment is flexible, 'and the vari
ous types of tests which can be set 
up is limited only by 'the ingenuity 
of the operator, 

Smaller shakers are available for 
testing small structures and for use 
in locations where it is difficult to 
mount the standard' shaker units, 

Symmetrical bending forces may 
be produced in a structure by at
taching the. two shaker units ad
jacent .' to but slightly beyond the 
nodal points in the vibrating struc
ture and operating the shaker units 
in phase, Symmetrical wing bending 
in an airframe, for example, is ob
tained by attaching one shaker unit 
to the left wing and the other shaker 
unit to the right wing at a point in
board from each wing tip equal to 
approximately one third the total 
wing, span of the aircraft. Anti
symmetrical bending, on the other 
hand, is obtaine� by attaching the 
two shaker units to approximately 
the same point as for symmetrical 
bending, but with the shaker units 
operated 180 degrees -out of phase. 
By changing the phasing switch on 
the electronic control panel from 
zero to 180, either symmetrical or 
anti-symmetrical bending can be 
quickly obtained. 

Simple bending stresses in a canti
lever beam are obtained by attach
ing a single shaker unit at a suitable 
point along the length of the beam. 
The greatest resonant forces are 
produced and the largest force is 
exerted by the shaker unit when it 
is attached to the beam at a point 
adj acent to the fulcrum at a dis
tance equal to not more than one 
fourth the total length of the beam. 

Torsional vibration may be ob
tained by attachil.g the shaker units 
to opposite edges of the structure. 
The two shakers are then operated 
with an l80-degree phase relation 
so a rotation-al motion is imparted to 
the structure under test. In testing 
the wing of an aircraft, one shaker 
unit is attached adj acent to the lead
ing edge and the other adj acent to 
the trailing edge of the wing, and 
the frequency dial of the oscillator 
is adjusted until torsional resonanc� 
occurs. 

CONVENIENT APPLICATION S  
The shaker units are most con
veniently attached to a structure by 
means of rubber suction cups. A cup 
between four and six inches in di
ameter, having a short length of 
metal shaft 3/S' inch in diameter ex
tending from the rear of the cup, is 
usually satisfactory. 

The shaker units may be mounted 
on movable platforms of such height 
as to provide for their attachment 
to a desired point on the structure 
being tested. These platforms must 
be rigidly constructed to prevent 
resonance from occurring which 
might cause the platform to collapse. 
In certain cases, when it is not con
venient to employ a movable plat
form for mounting the shaker units, 
they may be suspended by ropes so 
as to act as a pendulum having an 
extremely low-frequency resonant 
period. When so mounted, the 
lengths of the ropes are such that 
the resonant period of the pendulum 
is below the lowest frequency at 
which the structure is to be tested 
and the shaker units are guyed to 
prevent them from tending to ro-

. tate. Resonant periods in the sus
pension ropes and the guy ropes do 

occur but they are dampened out by 
bags of lead shot suitably placed 
along the length of the ropes. 

A special brittle metal coupling 
rod is employed for connection be
tween the armature and the struc
ture, to prevent damage to the 
armature coil through lateral mis
alinement. It is more economical to 
ruin one of these mechanical fuses 
than to damage an armature coil. 

The vibration at various points on 
the structure under test may be 
measured by suitable strain-gage 
equipment and recorded on an elec
tronic multi-channel recorder. Such 
records permit accurate determina
tions of the stresses developed in a 
structure at each frequency. Twelve 
different locations on a structure 
can readily be monitored simul
taneously with this recording equip
ment, including locations that would 
not be accessible to an observer dur
ing a test. 

Similarly, in the automotive in
dustry, the electronic exciter can be 
used to induce shimmying action in 
front wheels to see which part of the 
steering system will fail first ; in 
buses, streetcars, or railroad cars it 
can sweep through all the bump 
frequencies that might be en
countered on the road to see if any 
can induce annoying sympathetic 
vibrations in the frame of the ve
hicle;  in any other structure inher
ently capable of shaking itself to 
pieces, this electronic exciter can 
simulate such vibration. in the safety 
of the test laboratory, under illumi
nation of stroboscopic flash lamps so 
that engineers can actually see what 
goes on during each phase of the 
test . 

, Thus, where electronics heretofore 
served principally in tests aimed at 

Multi-channel recording equipment on table provides permanent rec ord of vibration effects obtained with electronic exciter 
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eliminating vibration in structural 
members, it is now coming into its 
own as a stimulator of vibrations. 
Industrial applications for this new 
testing technique are limited only by 
the imagination. 

TELEV I S I O N  COLOR 
Transmitted Electronically 
In Laboratory Demonstration 

RECENTLY demonstrated in experi
mental form, all-electronic color 
television successfully transmitted 
color slides and a color movie car
toon over wires to receivers that 
reproduced them on a 15 by 20-
inch screen in natural color. The 
transmitter of the all-electronic sys
tem splits the scene to be televised 
into three colors-red, green, and 
blue-by means of color-separatmg 
mirrors. Each color is then fed to a 
photoelectric cell to convert it into 
corresponding electrical impulses, a 
feature made possible by use of a 

10 

All - electronic television receiver 
( above ) houses '''Trinoscope'' asse m 
b ly i n  lower cabinet, projects images 
to form colored p icture on screen .  
Diagrams ( below ) show theory o f  
three -channe l  sender and receiver 

CATHOOE· RAY 
T U B E  

scanning cathode-ray tube as the 
light source for the film. The three 

. signals formed by the impulses are 
transmitted simultaneously instead 
of in sequence as mechanical sys
tems have done in the past. 

In the receiver, the three signals 
are fed to separate proj ection-type 
cathode-ray tubes, called a Trine
scope. The three images are pro
j ected onto a translucent screen so 
that the three colors are precisely 
superimposed to produce the final 
complete color scene, according to 
the demonstrators, RCA Labora
tories. 

Buyers of current television re
ceivers may, if the Federal Com
munications Commission establishes 
standards for color television based 
on this electronic method, use pres
ent receivers to view future color 
broadcasts in black and white by 
addition of a converter costing from 
$25 to $40. This converter would 
tune to the higher frequencies-480 
to 960 megacycles-for which color
television operation is planned. By 
the same token, buyers of future 
color receivers would be able to re
ceive the present lower-frequency 
black-and-white broadcasts on the 
green channel of their color re
ceivers. However, commercial color 
television is not expected to have all 
the bugs removed until about 1950, 
when many of the present black
and-white receivers will be due for 
trade-in anyway. 

H I G H.FREQ U EN CY STOVE 
Cooks or Defrosts 
Foods in Record Time 

USING a radar-transmitter tube and 
a horn antenna, an unusual cooker, 
called Radarange, bakes biscuits 
and gingerbread in 29 seconds, cooks 
hamburgers with onion in 35 sec
onds, and grills a frankfurter and 
roll in eight to ten seconds. A pack
age of frozen food can be defrosted 
in a few seconds, and cooked almost 
as fast. 

The equipment has the magnetron 
and horn assembly mounted above 

C O L O R  
C H A N  N E L S  

Radio- freq uency cooker, s i d e  panels 
removed, is demonstrated on hot-dog 
in  "oven." Cooking ta kes 10 seconds 

the cooking area, so as to beam the 
radio-frequency output into the food 
being cooked. In operation, a timer 
is set for the desired cooking time 
and a button pressed. When cooking 
is completed, the timer automatically 
shuts off and the food is ready to 
eat, according to the Raytheon 
Manufacturing Company. The power 
supply is located in the base of the 
cabinet. 

RAD I O  P LA N E  T I M E R  
Operates Regardless of 
Weather, Altitude, or Speed 

I NSTALLED at two Army Air Forces 
speed courses, a radio-beam speed
ometer for aircraft employs three 
parallel radio beams at right angles 
to the charted course of the plane. 
As the plane crosses each beam a 
signal is flashed to a central re
cording station, and the time elapsed 
betw,een signals is measured against 
the known distance between beams 
to show the speed at which the plane 
is traveling. The radio-beam sys
tem operates accurately in any 
weather and any altitude and is the 
first system capable of measuring 
speed at or above the speed of 
sound. 

S C R EE N  
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Ta k i n g  

T H E ST R ES S  

o u t  of  

STY R E N E 
Annea l i ng  Polystyrene Plastics Pa rts Requ i res a S imple but Specific 

Techn ique. Controlled -Cycle Water Baths a nd Fixed-Temperature 

Ovens a re Practical  if Resu lts are Checked By the "Kerosi ne" Test 

By CHARLES A. BRESKI N 
Editor, Modern Plastics 

As A MEANS of preventing fail
ure of polystyrene plastics 

parts due to thermally or mechani
cally induced stresses, more and 
more molders of this material are 
annealing . their finished products. 
The importance of this technique 
stems, in part, from the broadening 
range of applications to which sty
rene is being put. Many molded ar
ticles are subj ected to considerable 
abuse, sharp knocks, and so on. Re
frigerator freezer doors, for ex
ample, or brush backs, or mixing 
units for the kitchens, all common
ly made of styrene, are often treated 
in a manner that requires them to 
be free of built-in stresses if satis-

Information on the annealing operations was 
supplied by James Bailey of the Plax Corporation. 

All illustration. oourtesy Plax Corporation 

factory service is to be had. And 
polystyrene sometimes suffers from 
erratic behavior in use as a result 
of stresses induced by its high co
efficient of expansion-l0 to 15 times 
that of steel. Other factors affecting 
applications of this plastics are its 
low long-time strength and its sus
ceptability to some chemicals and 
vapors. 

Because of the tremendous vol
ume of polystyrene now being pro
duced, assurance of satisfactory per
formance in consumer · goods and 
therefore its proper annealing, has 
become vital to all users and pro
ducers of plastics. Polystyrene was, 
according to figures supplied by the 
Plastics Materials Manufacturers 
Association, Inc. ,  being made at the 

rate of 53,700,000 pounds per year 
during the first seven months of 
1946. But since then many new 
plants have gone ' into operation. 

The increased production of this 
plastics material has been phe
nomenal during the past few years, 
the 1945 rate being 32 .  times that 
in 1939. And with this greater avail
ability has gone, as mentioned 
above, a proportional expansion in 
the applications to which it is put. 
From gadgets it has spread to the 
industrial, gift, fashion, and home
appliance fields. It is now to be 
found in synthetic j ewels, refrigera
tors, brushes, cosmetic containers, 
and a multitude of other end prod
ucts. 

One of the big factors in the 
growing use of polystyrene has been 
its relatively low cost. And, because 
of the resulting quantity that is be
ing produced, it is in better supply 
than many other plastics materials 
although. the demand-supply ratio 
was recently estimated at 2 % :  1. In 
any case, the present volume of 
polystyrene passing through mold
ing plants points to the

' 
importance 

of a wider knowledge of its anneal
ing technology. 

WHAT A N N EALI N G  MEANS -
J. H. DuBois, in his book entitlec:i 
"Plastics," has suggested an accel
erated test to determine whether 
or not a molded styrene article will 
"craze ; "  if it does, it is an indication 
that the piece may be improved by 
an annealing operation. Mr. DuBois 
stipulates that a small hole be drilled 
in a sample of the finished piece, 
followed by the application of a 
drop of kerosine. Any tendency to 

Polystyrene d isks, a fter kerosine test, show ( left to r ight ) : proper a n neal ing,  u nsatisfactory a n neal ing,  and  an unannealed piece 
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Sta ndard a n neal ing cycles for rou n d  polystyrene rods ( a bove ) and for slabs of 
the same plastics ( below ) may be modified to su it actua l  production problems 

inch and under, for example, pre
sent this problem. To prevent this 
warping, the styrene may be packed 
in a metal-slat rack which allows 
the pieces very limited motion and 
keeps them straight during the an
nealing process. 

Standard annealing cycles for 
round rods and molded slabs are 
presented in the accompanying 
graphs. For round rods in Figure 2 
and for slabs in Figure 3 the ordi
nates are bath temperature in de
grees, Fahrenheit, while the abscis
sas are elapsed time in minutes 
from the initial equilibrium tem
perature of the bath. These cycles 
have been tested over a period of 

• L O O K I N G  A H E A D . 
Fewer consumer "g ripes" about  p las
t ics a rtic les that d is integrate in  
use  . . . Appl ication of low-cost sty
rene to more "qua l i ty" prod ucts 
when stress problems a re u nder� 
s tood. . . Developments of faster 
production-anneal ing systems. 

1 90 3/S" 1/] " SfB " % "  I "  1 1/4 " 1 112 " ' 1 3/4 " 2" 

craze will show up very quickly. 
The definition of annealing does 

not mean the same thing in all arts. 
In the metal industry the term re
fers to the soft state of the mate
rial which is usually achieved by 
heat treatment. As for the annealing 
of glass, there are two schools of 
thought. The more general idea de
fines annealing as a cooling cycle, 
starting at a high-temperature 
stress-free state, which permits the 
glass to reach equilibrium at room 
temperature with small internal 
stresses. The newer concept regard
ing the annealing of glass includes 
not only a condition free from 
mechanical stresses and double re
fraction but a condition in which 
the glass is established in equilibri
um as regards its molecular state. 

The analogy between annealing 
glass and annealing polystyrene 
plastics is rather close, although the 
basic structures of the two mate
rials are not the same. Styrene dif
fers from glass in that it has long
chain molecules with few cross 
links. It is not truly viscous, as is 
glass, even at high temperatures. 
But it does have a yield point of a 
sort ; that is, its viscosity varies at 
constant temperature as some func
tion of the speed of flow-being 
lower at high speeds. 

AN N EALI N G  PROC EDU RES-Dur
ing the past several years, one 
manufacturer of polystyrene, the 
Plax Corporation, carried on a 
study of the annealing of this plas
tics. This company's annealing is 
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done in a water bath which is cir
culated by a propeller and whose 
temperature is controlled automati
cally. The stainless-steel tank used 
for annealing is constructed with 
two sets of coils, one for steam to 
heat the bath and one for cold water 
to cool the tank in short cycles. , 

According to the needs of a par
ticular polystyrene part being an
nealed' the finished plastics piece is 
heated and then cooled for speci
fied periods of time. The cycle is 
established on sample annealing 
runs, after which a master cam is 
constructed which will automati
cally hold the controller regulating 
the bath to this particular cycle of 
heating and cooling. When the end 
of a cycle is reached, the polysty
rene parts being annealed are re
moved. A new load may then be 
placed in the tank at once and al
lowed to heat up with the bath, or 
the bath may be started up and the 
plastics parts placed in later when 
some higher temperature has been 
reached. The new charge of parts 
and their holding rack lowers the 
temperature of the bath somewhat 
and the cycle controller must not 
be started until the charge and the 
bath are in equilibrium. 

In certain styrene parts there is a 
tendency toward warping because 
of orientation strains. Rods of % 

time and found satisfactory. They 
are designed to give the shortest 
possible time for the required de
gree of annealing with a computed 
safety factor of two. 

The four parts 6f each annealing 
cycle include the holding time at 
184 degrees, Fahrenheit; the initial 
slow cooling rate, 184 to 170 de
grees, Fahrenheit ; the next slightly 
faster cooling rate from 170 to 160 
degrees, Fahrenheit ; and 'the final 
slightly faster cooling rate, 160 to 
150 degrees, Fahrenheit. At 150 de

' grees, Fahrenheit, the parts are re
moved and allowed to air coo1. 

With both the round rods and the 
molded slabs as charted, the theory 
is that the time required during any 
cycle will vary as the square of the 
diameter, if the stress at the center 
is kept constant. The time for a slab 
four-inches thick would be four 
times that of a two-inch thick slab, 
and 16 times that of a one-inch slab. 
A slab, incidentally, requires twice 
the time of a round rod of the same 
thickness. 

Working on the basis just demon
strated, any other cycle can be de
rived very simply if any one of the 
factors is known. It can be seen in 
Figure 2, however, that the cycles 
for one-inch diameter rods' and 
under are gradually lengthened 
over what would be required by the 
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square law, and that the shortest 
cycle is for 3fs - inch diameter, with 
a total time of 43 minutes. This de
parture from the formula is due to 
the fact that the annealing bath 
cannot be made to follow faster 
cycles with accuracy, and that small 
t�mperature lags in the cycle for 
less than one-inch diameter rods 
require a greater safety factor. 

MAC H I N ED PARTS-Even in parts 
machined from annealed styrene 
stock there are problems of further 
annealing because of machining 
stresses. These, however, are usu
ally confined to a comparatively 
thin layer of material immediately 
adj acent to the machined surface. 
Here, the annealing is merely a 
matter of removing the stresses in 
the surface layer only, no large 
body strains being involved. 

To carry out the annealing sys
tem described by the Plax Corpora
tion, all that is needed is a simple 
heat treatment for a short period 
of time. The machined parts are 
loosely piled in %-inch wire-mesh 
baskets to a depth of about four or 
five inches. The basket can be of 
any size that will fit a small tank 
stirred by a small propeller. Also, 
the basket should have a cover to 
prevent the parts floating out while 
submerged in the water bath. 

The loaded basket is lowered into 
the bath so it is covered by at least 
one inch of water and allowed to 
remain for 20 minutes. It is then 
lifted into the upper part of the tank 
to a position about one inch above 
the liquid. In this position .the parts 
drain for 20 minutes. They are then 
removed and allowed to cool in the 
air until all the parts have cooled 
to a temperature of 150 degrees, 
Fahrenheit, or below. 

Because water evaporates very 
rapidly when maintained at a tem
perature of 184 degrees, Fahrenheit, 
ethylene glycol is often added to the 
bath. If it is used, the annealed 
styrene parts must be carefully 
washed after their treatment to re
move any trace of glycol since the 
latter is not a very good electric in
sulator and does not dry readily 
from the plastic. Swishing the 
baskets in several changes of water 
held at a temperature of about 
140 degrees, Fahrenheit, will usually 
do the rinsing satisfactorily. 

AN N EAL I N G  TESTE D  - Early in 
the research work, it was found 
that in order to ascertain whether 
or not the annealing work was be
ing done satisfactorily it was neces
sary to develop a quick, easy, and 
reliable test of the finished pieces. 
Consequently the "kerosine" test 
was worked out. In this test a 
representative piece of the annealed 
styrene is immersed in kerosine for 
one minute at room temperature 
-20 degrees, Centigrade, plus or 
minus five degrees-then removed 
without wiping and observed for 
results. If the piece is free from 
cracks at the end of 30 minutes 
after its removal from the kerosine 
the annealing is · considered satisfac
tory. This test is applied only to 
such pieces as will not receive any 
subsequent machining. 

In the case of long rods which 
will be machined later, however, the 
kerosine test is applied to a cross
wise sample cut from the rod at a 
point distant about three diameters 
from one end and at least lj4 inch 
thick measured in the direction of 
the original length of the rod. Four 
small holes are drilled through the 
sample in the axial direction-one 

3,t the center, and the other three 
spaced at radial distances of % of 
the radius, 1fz the radius, and % 
the radius from the center. The 
exact location of the holes is not 
too important, and the holes them-. 
selves may vary from 1/16 to 1/6 
inch in diameter. 

A wet saw and drills are are used 
in cutting out the specimen and in 
drilling the holes to avoid the in
troduction of stresses by these op
erations. Small cracks around the 
ends of the drilled holes which show 
no tendency to spread into the main 
body of the material when the piece 
is given the kerosine test may be 
disregarded and attributed solely 
to the. drilling. The same is true of 
surface crazing along saw cuts. If 
a sample indicates deep body cracks, 
even though small, when given the ' 
kerosine test, a second test is made 
using more care during the prepara
tion of the sample. If this piece also 
cracks, the annealing is not satis
factory. An accompanying photo 
graph shows a properly annealed 
sample, a borderline case, and an 
unsatisfactory annealing j ob.  

OTH E R  TEC H N IQU ES ---'. The Bell 
Telephone Laboratories, among 
others, have worked upon the sty
rene annealing problem and speci
fied a procedure for certain items. 
In this company's specification the 
procedure calls for an oven treat
�ent at a single temperature of 170 
degrees, Fahrenheit, followed, by 
cooling in still air at room tem
perature. The maximum diameter of 
the part allowed for in this system 
is 1% inches, and the piece must 

. be heated in an air oven at the 
specified temperature for 16 hours. 

The advantage of this method is 
that the air oven employs a simple 

Annealing tank  set-up in molder's p lant. Rack a rrangement .holds p ieces firmly to prevent warping 
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single-temperature thermostat in
stead of an expensive cycle con
troller as with the Plax water-tank 
method. The temperature can be 
easily adjusted to some other tem
perature corresponding to a differ
ent plastics piece. The system has 
the obvious disadvantage, however, 
of requiring 2.85 more time than the 
water-bath method . .  

Mr. DuBois, mentioned previ
ously, suggests that styrene pieces 
which show a tendency to craze 
may be improved by an annealing 
operation in which the part is baked 
one hour at 160 degrees, Fahren
heit, one hour at 175 degrees, Fah
renheit, and six hours at 180 degrees, 
Fahrenheit. It is his opinion that 
thin pieces should be annealed at 
the highest temperature at which 
dimensional accuracy may be main
tained. Tests indicate that parts up 
to 1 % inches in diameter will pass 

W I PE·CLEAN CLOTH 
Owes Properties to Plastics 
Finish, Does Not Glisten 

T HERE have been reports for a long 
time of plastics-coated tablecloths 
that would look j ust like untreated 
cloths yet could be wiped clean of 
almost any type of spot or marking 
with a damp rag. Now such cloths 
are ,on the market a�d are just 
as practical as the forecasts prom
ised. Their introduction, and the 
immediate acceptance given ' them, 
opens the door to the use of plastics 
in a similar manner in a host of 
other goods. Luncheon cloths, 
dressing-table covers, mats, and 
centerpieces are just a few of the 
applications that most resemble the 
tablecloth in use. 

The easy-to-clean feature of 
these tablecloths is imparted by a 
thin, almost invisible coating of 
Monsanto vinyl butyral. Tough and 
flexible, there is no shine to the 
coating, a characteristic resulting 
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the kerosine test after the foregoing 
treatment but :may suffer some un
molding. 

Patent literature contains other 
methods of annealing, many of 
which are quite tricky and would be 
rather difficult to operate on a com
mercial basis. Most of them are 
based upon a sudden change in the 
cooling cycle, intended to reverse 
the stresses due to cooling at some 
critical point in the cycle. 

The relieving of stresses in sty
rene by annealing should not be 
confused with orientation or with 
any considerable change in state. 
Annealing for use with polystyrene 
is simply defined as the reduction 
of internal stresses from whatever 
cause to a point where the residual 
stresses after annealing can be borne 
safely by the material during its 
service life without crazing or crack
ing. 

from the inclusion of finely divided; 
sub-microscopic silica particles 
which scatter light waves instead of 
reflecting them. 'This coating can be 
given the cloths at a very small in
crease in cost, and one which will 
quickly be wiped out by the saving 
in laundry bills. The coating is ap
plied to but one side. 

The Monsanto Chemical Com
pany, who first announced these 
cloths, is the supplier of the vinyl 
butyral. Also, it supplies the tech
nology on the application of the fin
ish. The coating is for mill applica
tion only. 

P LAST ICS·BO N D E D  ABRASIVES 
Matched t� Operating 
Conditions, Precisely Sized 

F OR THE deep-grooving of metal, 
grinding wheels have been devel
oped in which Durez resins are used 
to bond the abrasive particles to the 
wheels. So that the wheels will be 
able to meet all types of operating 

Wide seledion of 
sizes, g rains 

and g rades., makes 
these precis ion -type 

wheels adaptable 
to many jobs 

conditions, the phenolic resins have 
been specially formulated to match 
the size grain of the abrasive used, 
the temperature necessary for bond
ing, and the pressure used in the 
process. The wheels are supplied 
in many sizes, grains, and grades, 
and have a guaranteed tolerance of 
plus or minus 0.005 inch, according 
to the developers, the J. G. Sand
strom Grinding Wheel Company. 

KN I FE S ETS 
Produced of 
Special Wood 

R ESIN - IMPREGNATED compressed 
wood, which gave a good account of 
itself during the war in airplane 
propellers, has started to make its 

Useful compressed -wood a rtic les 

appearance in domestic products. 
Uses include holders for kitchen 
and table knife sets such as those 
produced by Adams Plastics ' Com
pany from Compregwood. 

REFLECT I N G ' P LAST ICS 
Make Night-Visible Signs 
By Small Molded-In Lenses 

HOUSE signs that shuw up at night 
are not new, but a street sign that 
is as easy to see by night as by day 
is a welcome innovation. And that 
is the latest use which has been 
worked out for an acrylic sign ma
terial called Reflexite. 

The ability of these signs to show 
up clearly is a function of thousands 
of minute lenses which are molded 
into one side of thin transparent 
Lucite sheets. There are about 2500 
of these lenses to each square inch 
of plastics surface. The back of each 
sheet is polished smooth, acting as a 
focal plane of the molded lens areas 
on the other side. Reflecting . char
acteristics are determined by the 
thickness of the acrylic pieces. 

Individual letters are applied to 
the back of the acrylic piece by

' 
silk 

screening with a special acrylic ink 
containing aluminum powder. The 
background color-any color-which 
provides contrast is then applied. 

The completed sign is made by 
forming a metal or other suitable 
support for the letters which are 
to be combined. The letters are held 
in the holder by an adhesive. 
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Lifting electroformed antenna masts from tank; tapered matrix can now be removed 

E L ECT RO FO RM I N G  
for 

Prec i s ion  
When Production Qua ntities of Accurately Contoured Parts a re 

N eeded, And F in ishes a re Specified in Micro- Inches, the Answer 

May Be  Electroform ing . Unusua l Meta l Density is  Added Feature 

By H .  R. C LAUSER 
Associate Editor. Materials & Methods 

SOMETHING new in metal parts 
production methods entered 

the ind�strial picture with the de
velopment of the Ekko process for 
producing rubber-tire molds by 
electroplating. Here, a thick film of 
iron is plated on a suitable matrix. 
Separating the matrix from the elec
trodeposit gives an accurately and 
intricately shaped tire mold pos
sessing excellent finish, long life 
properties, and attractive economy 
as compared with conventional tire 
mold making methods. 

During the last few years the same 
general technique, called electro-

forming, has been applied to a wide 
variety of other types of parts, often 
using other metals than iron. Many 
plants outside the tire industry came 
to use either the products or the 
process itself. Now, electrofo'rming 
has emerged from this development 
period as a highly promising method 
of making certain types of precision 
metal parts. 

Electroforming is actually an ex
tension of electroplating. But dec
orative or protective plating gen
erally involves deposits of metal of 
only about .000l- inch thickness on 
previously formed parts. Electro-
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forming, on the other hand, is prin:
cipally concerned with the primary 
shaping of a part by the build-up 
of electrodeposited metal on a mold 
or matrix. 

In a typical application a die or 
mold is made from a master pattern 
of the part to be formed. This mold 
is termed the matrix. It is a negative 
impression of the finished part and 
serves as the base for electrodeposi
tion of the metal. The matrix is 
placed in an electroplating bath 
where the form of the part is built 
up by electrodeposition. After the 
metal has been deposited on the 
matrix to the required thickness, 
the plated matrix is removed from 
the bath and s eparated from the 
electrodeposited metal. The result
ing electro formed part is an exact 
duplicate in metal of the master pat
tern. 

MATRIX TEC H N I QU ES-The mak
ing and use of the matrix is prob
ably the most important step in the 
electroforming process. Three differ
ent techniques are possible. One of 
these makes use of matrix material 
with a melting point of 200 to 500 
degrees, Fahrenheit ; bismuth-lead 
alloys are the most widely employed. 
After the deposited metal has built 
up to the desired thickness, the 
matrix is melted away from the elec
troformed part. 

Another technique makes use of a 
steel mandrel as the base for the 
electrodeposition of the metal. The 
mandrel is machined or ground to 
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Electroforming can produce i n tricate 
pieces a lmost i m possible to mach ine .  
Comput ing  cam ( a bove ) and  ang les  
a n d  tapers ( above r ig h t )  are typ ical .  
The radar feed horn ( ri g h t )  requ i red 
an  interior smoothness a nd accuracy 
that proved u n obta inable when us ing 
convent ional  sheet - metal structu res 

the shape, dimensions,' and finish 
desired. Because p�ll:tirig compound 
is used to prevent the locking of the 
mandrel to the electrodeposited met
al, the mandrel is made from .0002 to 
.00l-inch undersize. A wide variety 
of parting compounds can be used : 
these include thin films of low-tem
perature melting metal, such as tin 
or cadmium, and films of wax or 
lacquer. 

The mandrel method. can be used 
for any part whose shape permits 
the mandrel to be withdrawn from 
the electroformed part. Depending 
upon the design of the part, one or 
several mandrels may be used. 
When more tlian one is used, they ' 
are interlocked in such a way that 
each can be drawn independently. 

To separate the mandrel from the 
part, heat is first used to melt the 
parting-compound film; then pres
sure is applied and the mandrel is 
forced away. Because the 'same 
mandrels may be used to produce a 
quantity of the same parts, they are 
usually made of hardened steel. 

A third method is the use of a 
soluble matrix. The technique is es
sentially the same as that for the 
low-temperature melting matrix. 
The matrix can be made of any ma
terial that will not attach itself to 
the electrodeposit and which can be 
dissolved by an acid or an alkali. 
Materials which have been used 
successfully include aluminum, zinc, 
and magnesium. 

All three of these techniques have 
distinctive characteristics which suit 
them to particular types of electro
forming work. The steel mandrel 
and the soluble-matrix methods are 
applicable to ve�y close tolerance 
jobs and to applications where ex
tremely high surface smoothness is 
required. Parts accurate to within 
.0004 inch are attainable as compared 
to a .004-inch range possible with 
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• L 0 0 K I N  G A H  E A D . 
Pa rts electroformed from a wider 
range of meta ls . . .  Greater use of 
rema rkably dense i ron deposited by 
this method . . .  Substitution for ex
pensive machine-contour ing in some 
cases . . .  More meta l -covered plas
tics. 

the low-temperature melting matrix 
method. 

The low-melting matrix method is 
the cheapest of the three, while the 
soluble-matrix technique is used 
only in designs where steel mandrels 
are not adaptable because of the 
shape and complexity of the part, 
and where the desired tolerances 
and finish cannot be achieved by . 
the low-temperature melting matrix 
procedure. 

FORMS U N IQ U E  M ETALS - At 
present, the metals which oan be 
electroformed most practically are 
iron, copper, and nickel. Chromium 
can also be electroformed, but is 
used only where high hardness and 
abrasion resistance are required. To 
meet special surface requirements, 
however, any of the regular plating 
metals may be plated on the electro
formed part. 

11'\ some cases parts have been' 
built up by electroforming several 

laminations of different metals on 
the matrix. So far little advantage 
has been demonstrated for this 
method of electroforming because of 
the extra operations and the care 
required. Ordinarily, a satisfactory 
part can be produced with somewhat 
less effort using a single material. 

Of the metals applicable to elec
troforming, iron is the most widely 
used. Because of its unique charac
teristics, electroformed 'iron might 
justly be considered a new engineer
ing material. Electroformed iron . is 
99.8 percent pure. In the as-electro 
formed state the iron has a hardness 
of around 250 Brinell and a tensile 
strength of 50,000 to 55,000 pounds 
per square inch. In the fully an
nealed condition the hardness drops 
to around 140 Brinell, but there is 
no change in the tensile strength, 
and the ductility increases as indi
cated by an increase of 10 percent in 
elongation. 

A significant characteristic of elec
troformed iron is that it approaches 
absolute density. The virtual absence 
of porosity is evidenced by the fact 
that, on a vacuum test that has been 
running for several months, a sample 
of electro formed iron has proved to 
be less porous than a piece of glass 
submitted to the same test. 

In its weldability and heat-treat
ing characteristics, electro formed 
iron is similar tb low-carbon steel. 
Its machinability resemples that of 

. brass, although it is harder and 
tougher than cold rolled steel. The 
tool settings are about the same and 
the shavings have the " stringy ap
perance generally associated with 
machining brass. 

GREAT ACC U RACY - The two 
outstanding characteristics of elec
troforming are the extremely high 
surface smoothness attainable and 
the very close tolerances to which 
it can work. There is almost no limit 
to the surface smoothness or the di
mensional tolerances possible. These 
two characteristics of finish and tol
erances are almost solely dependent 
upon the matrix quality. It has been 
pointed out previously that toler-
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ances on the order of .0004 inch are 
possible. Surface finishes around five 
micro-inches are easily obtainable; 
there have been applications in 
which finishes with a value of two 
micro-inches were achieved. No ad
ditional finishing operations are re
quired to secure these extremely 
smooth surface finishes ; they are in
herent in the electroforming opera
tion. 

Another important characteristic 
of the electroforming process is its 
ability to produce accurately and 
economically parts having very in
tricate or minute details. An ex
ample of this is found in computor 
cams for artillery-ranging devices. 
Producing parts such as this, with 
hundreds of proj ections-each one 
placed slightly different-would be 
a tedious and costly j ob by machin
ing methods ; only by electroforming 
can quantities of the part be pro
duced at reasonable speeds. 

Electroforming can be employed 
for parts with sections up to lh 
inch thick but there i s  almost no 
limit to the thinness of section which 
can be formed. Parts of electro
formed foil .00008-inch thick have 
been produced successfully. Further, 
there are no definite limits in size 
of parts possible. The maximum di
mensions are limited only by the 
size . of the tanks available for the 
electroforming operation. 

As for shapes, the process is most 
applicable to parts with flat contour 
shapes and to tubular or hollow 
products. There are practically no 
restrictions as to cross-sectional de
sIgns in tubular products ; tapered, 
round, rectangular, elliptical sec
tions, and so on, can all be electro
formed. There is one limitation to be 
observed in electroforming parts 
with recesses in the design. Metal 
cannot be effectively electrode
posited in recesses which are deeper 
than they are wide. 

While electroforming is a high
precision metal forming method, 
production costs are relatively high. 
It cannot compete with other proc
esses in the mass production of parts 
where the tolerances are large or 
moderate and where high surface 
smoothness is not required. There is 
possibly one exception to this : In 
small-quantity production it will 
compete with die casting. 

MEETS SPEC IAL N EEDS - Elec
troforming has a set of virtues which 
fit it best for certain specific appli
cations in the field of metal forming. 
Examples of such applications in
clude parts requiring an extra high 
lrurface finish, especially where that 
finish is required on internal surface 
contours such as tubing, flow and 
venturi .nozzles, and complex bends 

and elbows as found in radar an
tenna and horns ; high-precision 
parts in which tolerances on the 
order of .004 inch and less must be 
met; and products that require abso
lute accuracy of shape or form. Ex
amples of the latter are wave-meter 
cavities for radar work in which 
adjacent interior faces must be ab
solutely normal to each other. 

Electroforming is also an answer 
to problems involving parts having 
intricate details which cannot be 
made by any other method or which 
would otherwise require hand or ex
tended machining methods. Typical 
products in this category are com
puting cams for calculating ma
chines, surface roughness compara
tors, and heat exchangers. Other ap
plications of this method extend to 
parts where the quantities required 
are too small to use die casting, eco
nomically to resizing and coating ap
plications such as electrodepositing 
metal on plastics for improving the 
plastics' properties, and to building 
up of worn machine parts. 

In comparison with other metal
forming methods, electroforming 
can do some things that the others 
cannot do; at the same time it can
not match some of the others in 
certain specialized r espects. Thus it 
supplements and extends machining 
practice. Electroforming has some
times been called "cold casting" be
cause it competes with casting, but 
does not require allowances for 
shrinkage in the pattern work. Elec
troforming, however, lacks casting's 
versatility with respect to alloys, 
and suffers from certain design 
limitations. And, in competition with 
sheet-metal forming methods, elec
troforming must definitely be con
sidered for such parts as reflectors, 
propeller blades, and so on, where 
internal surface contouring is re
quired ill conjunction with high ac
curacy and surface .smoothness. 

"SU PER-ALLOY" 
Promises Unusual Results 
In Brass-CaSting Dies 

T HE SPECIAL 16 chromium, 25 
nickel, 6 molybdenum alloy steel de
veloped and extensively used for 
stressed parts of gas turbines and 
turbo-superchargers operating at 
temperatures up to 1500 degrees, 
Fahrenheit, has been used in the 
construction of dies for die casting 
of brass. 

Results to date are described 
as "spectacular." Previously, with 
standard die materials, short life and 
high cost made for small use of 
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brass die castings. If the Timken 
16-25-6 "super-alloy" turns out to 
be "super" for brass die castings it 
might prove to be revolutionary in 
that industry. 

PH O N E  L I N E  S H EATH S 
Made of New Alloy 
For Better Cable Protection 

AN IMPROVED lead alloy has been 
developed for the flexible tube that 
stretches from one telephone pole to 
another, enclosing a group of wires. 
It is an arsenical lead, containing 
small amounts of tin and bismuth 
and is suitable for underground in
stallations as well as over-head sus,. 
pension. . 

The sheathing is characterized by 
strong, tough welds ; outstanding re
sistance to bending fatigue; and ex
cellent creep resistance and bursting 
strength. A successful cable, it is 
said, depends more on the sheath 
than the insulation. 

C H ROM I U M.BASE ALLOYS 
Seen Promising for Turbo, 
Jet-Engine Applications 

ONE OF the most interesting re
sults of the nation-wide search for 
new and better high-temperature 
alloys for j et engines and gas tur
bines is the development of chro
mium-base alloys to be used for 
such purposes. 

Two such alloys, one containing 
60 percent chromium, 25 percent 
molybdenum, and 15 percent iron. 
and the other containing 60 percent 
chromium, 25 percent iron, and 15 
percent molybdenum, were devel
oped by metallurgists of Climax 
Molybdenum Corporation and are 
still considered in the experimental 
stage. Work on them is now being 
carried on under government spon
sorship at Battelle Memorial Insti
tute. Although these alloys have the 
highest stress-rupture properties at 
elevated temperatures of all the 
"super-alloys" developed for high 
temperature use, their utility for 
other applications is impeded by 
their brittleness. 

Successful production procedures 
for the chromium-base alloys in
clude vacuum melting and pouring 
to eliminate oxygen, nitrogen, and 
other gases and their compounds, 
from the metal. Although the alloys 
are expensive, their perfection as 
practical, serviceable high-tempera
ture materials, if achieved, will cer
tainly lead to their use in small 
amounts for certain turbo. or j et
engine parts where the utmost in 
high-temperature properties will 
pay handsome dividends in operat
ing efficiencies. 
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Ap p re n t i ces h i p  
v 
s 

Mec h a n i za t i o n  
Damned by Some a nd Praised by Others, the Old Apprentice System 

Had Much in I ts Favor-For Those Times a nd Machines. Modern 

Equipment Does Automa tica l ly Much of What  Apprentices Lea rned 

to Do by Ski l l ;  Effic ient Tra in ing  Now Takes Days I nstead of Yea rs 

BACK in the 1880's, when the ap
prenticeship system was at its 

height, a young man named Schatz 
entered a Machinefabrique (ma
chinery manufacturing plant) in 
Weingarten, W urttemberg. His sons 
tell about his career. 

Schatz signed an indenture which 
promised him small amounts of 
money but large chunks of hard 
work. There were two periods, his 
papers said, at which either he or 
the shop could cancel that contract. 
One was at the end of six weeks, 
the other after a subsequent six 
months. If he outlasted those two 
periods he had to stick, and the shop 
had to keep hiIlJ. 

During those first six weeks he 
j ust walked around the shop, mak
ing up his mind whether or not he 
really wanted to learn the machin
ist's trade. He saw how hard the 

Long years were 
spent in developing 

sk illed hands of 
"old school" tool

maker ( right) . 
This man  mainta ins 

precis ion gages 
for thousands of the 
modern "spec ialized" 

workers. Si mple 
tools a n d  spec ially 

r igged lothe 
( below ) make long 

tra in ing  of operator 
u n n ecessary, but 

mach ine  desig ners 
a re h ig hly tra ined men 

By EDWIN LAI RD CADY 

Courtesy Fairbanks Morse and Company 
Courtesy Machlett Laboratories 
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men worked, observed how indus
trial accidents happened and how 
painful they were, listened to the 
kicks of the well advanced appren
tices. More than one boy who 
started with him decided that he 
would rather be a barber or a brick 
layer. 

After that six weeks young 
Schatz was given a bench, a vise, 
and a drawer full of files. He had 
to get that bench and vise level and 
square. A clout on the head from the 
foreman was his punishment if his 

. equipment got out of level or square, 
or if any of his tools were not kept 
in order. 

Next he was given several pieces 
of steel. He could have all of these 
he needed. There were round bars. 
square bars, flat pieces with round 
holes and with square holes in them. 

In his drawer was a full equip
ment of . files. They were of at least 
a dozen shapes, sizes, and··grades. He 
was shown how to grasp a file by 
the handle with his right hand and 
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Tube-seal ing  job demands g reat care but  no knowledge of prior production steps 

by the tip with his left and, bend':' 
ing the file s6 it made a slight arc, 
to start the stroke with a very light 
pressure against the steel and to 
keep the stroke perfectly steady and 
straight. With time, a file became 
like a musical instrument in his 
hands. 

By the end of six months the ap
prentice was required to file a round 
hole into a square one, file a round 
bar into a square shape, and get 
them both so closely to the same size 
that the bar would pass smoothly 
through the hole but be light-tight 
all the way. He also had to file a 
square hole to a round shape arrd a 
square bar to fit it. He spoiled plenty 
of steel before ' the foreman could 
pass each bar through its fitted hole 
and not see daylight between them. 

Schatz worked at this for six hours 
a day, six days a week, for nearly 
six months. He went to school for 
another four hours a day. 

ALL-ARO U N D  STU D I ES His 
st.udies were to last throughout the 
four years of indenture. They in
cluded something of a general edu
cation, and a great deal of physics, 
chemistry, geometry, and algebra. 
But most of all he learned the ex
quisitely accurate mechanical draw
ing which his company used at that 
time. 

Few modern engineers ever have 
seen such drawings. If a machine 
were three feet square by four feet 
high then the drawings for it made 
a' pile three feet square, plus mar
gins, and four feet high. That pile 
could be separated at any point and 
right there would be a complete 

plan-view cross section of the ma
chine at that point, all worked out in 
colored inks, with working speeds 
and the materials of all parts plainly 
shown. 

Obviously, drawings like that 
could not be made for every device. 
The apprentice learned how to make 
free-hand sketches from the most 
meager of descriptions, and how to 
visualize and produce complex parts 
when he had no sketches at all. And 
he went on to learn how to operate 
every machine and process in the 
plant. 

A young man so trained would 
never disrespect his own person nor 
any good machine or tool through
out his life. His fellow apprentices 
at Brown and Sharpe in the United 
States, and in other shops all over 
the world, . were following much the 
same courses of study. Character 
building came first with their teach
ers, working skills second. They 
were in every known trade. And 
they were to flood the world with 
factories. Schatz himself founded the 
company which later became the 
Federal Bearings Company. 

Compare all this with what would 
be most likely to happen if the same 
young man were to enter a large 
American factory today. 

He would not stand around for six 
weeks just finding out whether he 
was likely to be happy at his work 
or not. An expert personnel coun
selor, highly trained in industrial 
psychology, would tell him that. 

No foreman would hit him on the 
head for failing to keep his hands 
and clothes clean and his hair 
combed, nor for any oHier reason 
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• L O O K I N G A H E A D . 
No retu rn to prolonged a pprentice 
tra in ing plans. . . Fu rther use of 
"machi nes that think" in  fields sti l l  
dependent on slowly acquired ski l ls .  
. . . Establ ishment of more voca
tiona l tra i n ing schools for  indus
trious ind ividuals .  . . Expansion of 
va ried tra in ing prog rams for a mbi
t ious seekers of key industrial po
s itions. 

whatever. He never would know 
whether or not his equipment was 
in or out of level and square. The 
chances would all be against his 
handling a file for any but very 
minor operations ; one can walk 
through hundreds of machine shops 
today without ever seeing a man 
who really knows the .art of filing. 
Today's young factory worker would 
never make or see a blue print un
less he became either a foreman or 
a draftsman. Not only would he 
never learn what every part of his 
machine is and how it works, but 
probably there would not 'be any 
one man in his entire department 
who knew. 

SPEC IAL ISTS TODAY - From his 
first minute he would begin to be a 
specialist on some one kind of work. 
There would be other specialists 
all around him, and he would de
pend upon them. Even if he showed 
such mechanical aptitude as to be 
trained as a tool maker he would not 
find every man doing all of his own 
work as used to be the case. Rather, 
the tool room would have lathe ex
perts to do all or nearly all r;>f the 
turning for the tool makers, and be
side them would be filing-machine 
men, band-saw men, welders and 
brazers, and heat-treatment special
ists. ' 

The training of the new man 
would be by personal instruction, 
and if his j ob were difficult, by mo
tion pictures and still pictures. 

A motion picture would show him 
a skilled operator at work on that 
task. With his foreman or other in
structor at his elbow the new man 
would be encouraged to run that 
picture for himself, reduce it to slow 
motion so he could see everything 
the other man did, even run it back
ward. Later on a motion picture 
might be taken of himself at work, 
and he might be encouraged to go 
all alone into a proj ection room and 
compare his "movie" side by side on 
the screen with that of a man more 
skilled than himself. On less intri'
cate or complex j obs a series of still 
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Operator has little knowledge of her 
expensive machine. · Automatic con 
trols, however, would prevent serious 
damage if she should make a mistake 

pictures would do all of this for 
him. 

Time-and-motion study men 
would help his foreman to teach 
him. Within five days, or at the most 
a few weeks, he would be a reason
ably skilled operator at his job. And 
under a modern incentive system, 
with every increase iN. skill would 
come an automatic reward in higher 
pay. 

Employee selection and training 
systems like these took millions of 
completely unskilled men and wom
en during the war and turned them 
into the most effective labor force 
ever known to industry. They 
proved that-with modern mechani
zation of almost every process, the 
modern way of putting the brains 
into the machine design instead of 
requiring them of the operator-the 
old conception of apprenticeship 
training for machine operators has 
gone by the board. 

In spite of this, the fundamental 
philosophy of apprenticeship is not 
obsolete. All that has changed is its 
application. 

BAS IC  FOUNDATION When 
young Schatz began his work he 
was given a foundation. He was not 
required to make his own files or to 
roll his own steel. It was taken for 
granted that others could do this 
better for him. Their work was the 
foundation. upon which he began. 

The problems of machine-tool de
sign , and of the functionings of ma
chine parts have similarly been 
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worked out for present-day begin
ners. Young Schatz worked with 
machines made of simple and com
paratively weak gears, wheels, 
levers, slides, and structural mem
bers. He had to be careful about how 
he handled them. The modern be
ginner works with strong, electri
cally controlled, highly protected 
machine tools which are designed 
to withstand almost anything that a 
human. being can do to them and to 
be proof against almost any false 
motion that a reasonably well-in
structed operator might make. 
Standing upon the foundation of 
such machine design there is no real 
need for the beginner to have any 
deep understanding of the machines 
he runs. 

Young men who are able to start 
today with the modern machine 
basis and go on through what 
amounts to an apprenticeship, are 
college trained or else have spent 
long hours in night schools and in 
self educatioq. Also, they have to 
spend at least four years in prepara
tion and to work long hours j ust as 
Schatz did. It is a rare engineering
school graduate who gets through 
on less than 70 hours a week of lec
tures and study. And the shop man 
who puts in his 40 hours a week at 
his machine and then goes to night 
school for 15 hours more will cer
tainly hit the 70 hours a week mark 
by the time he gets his studying 
done. 

Thousands of leading industries 
are picking up college men and self
trained men and putting them 
through shop-wide or entire com
pany-wide courses which are high
ly parallel with the training given 
to old time apprentices. Interna
tional Nickel does this, and Alu
minum Corporation, United States 
Rubber, Bryant Chucking Grinder, 
Standard Oil of New Jersey, General 
Motors, and Carbon and Carbide 
Chemicals, to mention only a few. 
Like the apprentices of old, the sur
vivors of these training courses are 
expected to find their specialties and 
become the leaders of the future. 

EDUCATION CHANGES - There 
was a time when in some industrial 
towns a grammar school diploma 
was a sufficient certificate of prepa
ration for apprenticeship. In many 
towns, up until about 1905, a gram
mar school education included a few 
months of physics, elementary de
scriptive chemistry, physiology, 
plane geometry, and simple algebra, 
all of which an apprentice might . 
need. In many a New England mill 
town the primary school curriculum 
included teaching little fingers to tie 
weavers knots. Now the grammar 
school is mere preparation for high 

school and little fingers do not need 
an apprenticeship in weavers knots 
which are much better tied by 
machines. 

Before the war it was believed 
that arc welding needed a long ap
prenticeship. But during the war 
thousands of arc welders were 
trained, and in very little time. 

Here and there are industries in 
which the old apprenticeship system 
still is needed. Foundries are an 
example. It takes time t,o learn how 
and when to pour hot iron so it goes 
straight into the down sprue and en
traps no air, and when to use a 
swirling motion which slows down 
the flow for better progressive 
solidification and permits the en
trapped air to escape via the open 
risers. But even so the apprentice
ship does not need to last four years 
nor any other fixed period of time. 

Modern training of employees does 
not ordinarily require the devotion 
of any great amount of time to 
schooling. Efficient educational meth
ods, well developed training aids, 
and the great mechanical' perfection 
of the machines themselves obviate 
many of the laborious learning proc
esses once thought essential. The 
nostalgic yearnings of some of the 
old timers for the return of the ap
prentice indenture system will be 
satisfied in only a very few instances. 
For those men who show a real de
sire to progress and learn, however, 
training courses equally arduous and 
highly similar to the old-time meth
ods are still open and in many cases 
represent the pathway to the top. 

• • • 

B ETTER F I R E  BRICK 
Step Up Furnace 
Production, Save on Fuel 

AT THE National Bureau of Stand
ards and by agencies co-operating 
with the American Society for Test
ing Materials thousands of tests of 
fire brick have been made. Good 
books on refractories and

' 
their 

chemistries are rare and most de
velopers of fire brick have had to 
follow paths which were but poorly 
charted, and it is only by standard 
testing and patient development that 
they have gotten such results that 
forging furnaces lined with brick 
can now be heated up in 35 minutes 
as compared to a previous 210 min
utes, with a fuel consumption for 
heating-up reduced more than 80 
percent, and that the number of 
pieces heated for forging per work
ing hour is up more than 40 per
cent. 
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A New Diet For Diesels ? 
The Slow-Speed Predecessors of Today's Ubiqu itous H igh -Speed Diesels 

Cou ld, and Often Did, B urn Almost Anyth ing .  Now the Sound and Fury 

of Diesel - Fuel Eva l ua tion is a t  a Peak. As Usual  in Such Cases, the 

Answer is a Com prom ise of Tech nica l, Economic, and Practica l Factors 

By MARSHAll J. WATERS 
Shell 011 Company. Inc. 

MODERN high-speed Diesel 
, engines have evolved over 

a period of many years from the ' 

early slow-speed stationary and 
marine engines. Diesel engines were 
developed originally with the 
thought of burning powdered coal 
and theoretically, at least, such 
engines could be produced. For 
various practical reasons, however, 
petroleum fuels are thus far used 
exclusively and their availability 
has permitted the progress of the 
Diesel to the position it occupies · 
today. 

. 

Fuel problems are comparatively 
simple in the large, slow-speed 
units. Generally, these will burn 
satisfactorily any clean fuel which 
has sufficient lubricity to protect 
the fuel pUmps and inj ectors, and 
atomizes properly when sprayed in
to the cylinders. Many such engines, 
operating at speeds of 100 to 300 
revolutions per minute, have satis
factorily burned heavy, viscous, 
bunker fuel oils , heated to facili
tate pumping and atomization. 

Unfortunately, the fuel require
ments of high-speed engines-those 
operating at speeds in excess of 800 
revolutions per minute-are not so 
easily met. The reasons for this are 
several, the most important being 
the small combustion chambers, the 

extremely short time available for 
inj ection and combustion, the 
smoothness and flexibility required, 
and the need for minimum smoke 
and odor. The last named factor has 
recently assumed great importance 
in truck, bus, and railroad service 
where the maj ority of high-speed 
Diesel engines are used. In fact, 
some municipalities have passed 
ordinances limiting the smoke out
put of Diesel engines used in high
way transport service. 

F U E L  PROPERT I ES EVALUATED
An examination of the properties 
which affect service performance in 
high-speed Diesel engines brings Qut 
the fact that although fuel specifica
tions consist of an imposing array 
of laboratory tests, only a. few of 
the properties evaluated have aily 
real significance insofar as per
formance of the fuel in an engine is 
concerned. Flash point, for example, 

, is of value only in demonstrating the , 
safety of the fuel in handling; pour 
point indicates the lowest tempera
ture at which the oil will flow; ash, 
water, and bottom-settling-and-wa
ter tests all indicate the degree of 
cleanliness--::ildmittedly a most im
portant point ,in any Diesel fuel. The 
carbon-residue test is useful mainly 
in detecting the presence of heavy 

Carbon deposition on 
injection nozzle.  

Six carbon horns can  
be seen  projecti ng 

from orifices. 
Fuel passed through 

channe ls in horns 
but spray 

characteristics were 
unsatisfactory. 

Carbon forming is  but 
one of many Diese l 

fuel  factors 
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• L O O K I N G  A H E A D . 
Cont inued g rowth and extension of 
Diesel a pp l ications. . . Better per
forma nce with reduced smoke and 
smel l .  . . Cleaner engines, lower 
ma intenance cost . . .  -Greater care 
by users on match ing  of fuel to 
spec if ic eng ines. 

residual components which are un
desirable in high-speed fuels. 

From the performance viewpoint, 
the most significant properties are 
gravity, volatility, viscosity, and 
cetane number. These have been in
vestigated by the Coordinating Fuel 
Research Committee as represented 
by several engine manufacturers 
and petroleum refiners, and their 
findings were published in the SAE 
Journal, March 1945. 

The American Petroleum Insti
tute gravity of Diesel fuel is an im
portant yardstick in det�rmining 
fuel economy and power. Although 
low-gravity fuels have a somewhat 
lower heat content per pound, their 
greater weight per gallon results in 
increased heat content per unit vol
ume and thus greater potential en
ergy per dollar. It also results in 
better economy and increased power 
output, since a given volume of 
charge inj ected into the cylinder 
contains a greater heat content 
when low API-gravity fuels are 
used. 

Viscosity and volatility must be 
considered together since they are 
inter-related. The CFR committee 
found that less viscous and, COrre
spoildi,ngly, more volatile fuels gave 
cleaner combustion ( less smgke) 
and less deposition in .I;1igh-speed 
engines. Excessive volatility can 
cause rough running in' certain 
engines, however, so this property 
must be carefully controlled by the 
fuel supplier. Also, less viscous fuels 
normally give poorer economy than 
the heavier ones. 

The fuel viscosity permissible for 
use in Diesel engines has been made 
the subj ect of intensive study. The 
maximum viscosity is usually con
trolled by factors such as distilla
tion range. Oil. the ' other hand, if the 
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fuel is kept clean, fuels having a 
viscosity as low as 32 second Say
bolt Universal at 100 degrees, Fah
renheit, appear to be satisfactory 
from the standpoint of pump and 
inj ector wear. Increased viscosity 
provides some protection against 
abrasive wear due to dirty fuel but 
cannot eliminate it. Fuels must be 
kept clean! 

The viscosity and volatility of 
fuels are closely controlled by the 
refiner to give optimum perform
ance in the intended service. 

IS CHAN E I M PORTANT?-In re
cent years, the general lack of 
understanding of the real sig
nificance of cetane number has re-. 
sulted in undue emphasis being 
placed on this property. This has 
had the direct effect of increasing 
production costs and restricting the 
potential availability of otherwise 
satisfactory fuels. Cetane number is 
a measure of the ignition delay or 
lag which occurs when a fuel is in
j ected into the cylinder-the length 
of time which elapses between the 
time of inj ection and the start of 
combustion. It is dependent largely 
upon the chemical composition of 
the fuel. In the practical engine, a 
small delay is desirable for maxi
mum production of power and the 
permissible delay is also a function 
of engine speed. Hence, there are 
so many factors involved that only 
an actual trial will determine the 
suitability of a given fuel in a 
given engine. Cetane number is 
certainly not the answer. 

In blending Diesel fuels for high
speed engines, the petroleum refiner 
is limited by the quantities of suit
able stocks available. In the past, 
Diesel fuels have been prepared 

largely from selected intermediate 
gas-oil cuts obtained from the dis
tillation of crude oil. This fraction 
also supplied domestic heating oils. 
The lighter fractions of the crude 
went into the manufacture of gaso
line and kerosine, while the heavier 
cuts were used for lubricating oils, 
residual fuels, and so on. As gaso
line requirements increased, thermal 
cracking came into extended use, 
converting heavy residue and some 
gas-oil into gasoline, cracked gas
oil, and heavy fuel oil. More re
cently, catalytic cracking has been 
generally adopted and has provided 
a very definite drain on the supplies 
of straight-run gas-oil. In addition, 
new off takes for intermediate oils 
are being developed, the most strik
ing at the present time being the 
growing demand for fuel for gas 
turbines as typified by the j et 
engine for aircraft use. Fortunately, 
among the products of cracking are 
gas-oils which, with proper treat
ment, are well suited for use in 
Diesel fuels. The main difference 
between these and straight-run gas
oils from the same crude is a some-

Dirty va lve ( above ) and piston ( below ) compare with relatively clean valve and 
piston to demonstrate the importance of selecting proper . fuel for a g iven eng i n e  

what higher cetane number for the 
straight-run material, although it is 
not uncommon for cracked-gas oil 
from one crude to have a higher 
cetane number than straight-run 
gas oil from a different crude. 

BALANCED F U ELS - In any case, 
for the high-speed Diesel engine it 
is necessary to balance all properties 
in the fuel rather than try to obtain 
j ust a high cetane value alone. To 
incorporate such balance in the fin
ished fuel it is necessary to compro
mise and consider all the chemical 
and physical properties which affect 
engine performance. 

Viscosity is controlled to give fine 
atomization at the inj ector nozzles, 
yet still provide good lubrication of 
the fuel-pump plungers. Volatility 
is limited to the fractions giving 
rapid and complete evaporation 
once the fuel is inj ected into the 
cylinders, without the risk of vapdr 
lock occurring between the fu¢l 
pump and inj ectors. Ignition quality 
is made as high as possible for the 
whole of the fuel-not merely the 
most volatile part which evaporates 

first. Heat value is maintained as 
high as possible to give the maxi
mum amount of power from every 
gallon of fuel, thereby reducing the 
fuel consumption. Flashpoint is 
maintained high enough to reduce 
fire risks in the fuel storage system. 
Pour point is kept to the lowest 
possible value so as to eliminate 
sluggish flow or restriction to the 
fuel pumps in winter time. For com
pleteness of combustion and absence 
of carbon deposits in the engine, the 
high-boiling-point fractions must 
be limited and the ash kept to a 
minimum. Finally, in view of the 
close fit of the fuel-pump plungers 
and inj ector parts a good filtering 
system is always incorporated in 
high-speed Diesel engines and this 
necessitates the fuel being supplied 
clear, clean, and free from all im
purities. 

The engine and fuel industries are 
continuing- their co-operative studies 
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of requirements for the purpose of 
adapting the engine to the fuel , as 
well as the fuel to the engine. This 
must inevitably re'sult in furthering 
the spectacular development of the 
Diesel engine and deeply entrench
ing its position in our national 
economy. 

PREM I U M  O I L  
Cleans Engine, Keeps 
It Clean, Improves Performance 

H IGHI.Y refined, a new treated 
lubricating oil to which certain pat
ented ingredients which increase its 
usefulness have been added, has re
cently been placed on the market. 
It is made by taking a choice frac
tion of selected crude and extracting 
all but the most desirable constitu
ents, The refined base stock is 
treated in various ways to improve 
its purity, and the several new in
gredients are then added in rela
tively small amounts but with maj or 
effeCts on the properties of the oil. 

The resulting motor oil has all the 
basic properties considered desir
able in any good lubricant, includ- . 
ing the ability to reduce friction be
twe�n moving parts to a minimum. 
In addition, it is claimed, it has the 
special capacity to protect against 
varnish deposits on pistons, cyl
inders, and other vital engine parts ; 
against sludge deposits ; against bear
ing corrosion ; and against deterio
ration or breakdown of the oil itself. 

'rhese four capaciti�s are prime 
requisites in any motor oil meeting 
the "premium" standards estab
lished by the American Petroleum 
Institute. The new oil, called Perma
lube, has certain other character
istics which its developers, Stand
ard Oil Company (Indiana) , call 
"plus properties." As claimed, these 
are that it cleans engines and keeps 
them clean ; is superior in lubricat
ing during the break-in period of a 
new or reconditioned engine ; as
sures easy engine starting and ready 
lubrication of frictional surfaces ; 

protects unusually well against 
engine wear ; reduces ring sticking;  
keeps oil consumption to a mml
mum; shows a minimum of carbon 
formation in cylinder combustion 
chambers ; increases the effective 
life of oil filters; helps to solve the 
problem of water sludge ; and pro
tects against the difficulties caused 
by foaming. 

After loosening engine deposits of 
soot, carbon, varnish, and sludge, 
the particles are held in suspension 
so they cannot pile up into masses 
of sludge which may block vital 
passages. Instead, they are dis
persed in the oil and drain out when 
the oil is changed. With regular use, 
the new oil will gradually clean an 
engine and keep it .clean. 

COLD-WEAT H E R  FUELS 
Start Aircraft Engines 
Without Pre-Heating 

PROBLEMS involved in starting air
craft engines in sub-zero tempera
tures have long troubled the aviation 
inqustry. In sub-zero weather, ordi
nary aviation gasolines will not start 
aircraft engines. These gasolines 
cannot be permitted to contain the 
light ends or low boiling fractions
necessary for cold-weather starting 
--'-because of the dangers of vapor
lock in flight. Therefore, , elaborate 
and cumbersome pre-heating equip
ment has . generally been necessary 
for all Canadian, Alaskan, apd other 
sub-Arctic operations. 

Recently, a newly developed cold
starting fuel for aircraft operating in 
sub-zero temperatures was an
nounced by The Texas Company, 
which is said LO slice the time re
quired for preparation and starting 
from as long as six hours to two 
minutes. This fuel is designed to re
place high-octane gasolines for only 
the brief interval required to start. 
The fuel is used in regular aviation 
carburetor and priming systems. A 
portable external tank or bottle is 
attached to the aircraft's fuel lines, 
which are shut off from the main 
fuel tanks, and the special fuel is al
lowed to flow for about two minutes. 

Test pistons, 36-hour run ( left to right ) : Permo lube, qual ity oil, regular oil 
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Aftef engine is warmed up, the por
table external tank may be discon
nected by ground crew ; the engine 
then draws its fuel from the air
craft's gasoline tanks. 

The cold starting fuel is liquid at 
all atmospheric temperatures and 
can be shipped in regular containers, 
making special high-pressure con-

External ta n k  connected for starting  

tainers unnecessary. Although de
velopment of these cold starting 
fuels is important from a military 
standpoint, it also suggests itself as 
an invaluable peace-time aid for 
transpolar and bush flying, and feed
er lines operating in extremely cold 
climates. 

PHTHALIC AN HYD R I D E  
Paint a n d  Varnish Ingredient, 
Now Made from Petroleum 

ONE of the most important chemi
cal materials used in the manufac
ture of modern, high-quality paints 
and varnishes can now be made 
from petroleum sources instead of 
from coal, it was. stated at a recent 
meeting of the American Institute 
of Chemical Engineers. 

This development promises to 
free a vital industrial chemical 
known as phthalic anhydride from 
utter dependence upon coal mining 
and coke oven operations. Making 
this chemical is the Oronite Chemi
cal Company plant, described as the 
first of its kind in the world to' �se 
a petroleum raw material for this 
basic paint substance. 

The plant uses a raw chemical 
known as orthoxylene. Vapors of 
this substance are mixed with 
heated air and passed through the 
"converters" at a high temperature. 
The crude product formed is puri" 
fied by crystallization and other 
means, and is then ready for use iI) 
the special paints and varnishes foli 
refrigerators, automobiles, ranges, 
and so on. 
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• L O O K I N G  A H E A D . 
New industria l uses for flam mable 
gels . . .  Pa int  that doesn't form p ig
ment  layers i n  storage conta iners . 
. . . Fu rther improvement in heavy
duty, meta l l ic soap greases . . .  So
l u tions to "im poss ible" problems .  

METALLIC soaps are a family 
of true soaps which above 

all are not soapy, and hence are 
better entitled to be called "soap
less soaps" than the modern soapy 
synthetics. Best known, and most 
useless, of this extremely useful 
soap family is the ring in the family 
bath tub. But the annoying ring is 
a blacksheep and contrasts sharply 
with other highly useful members 
of the group that perform the most 
diverse, even contradictory, tasks. 
"Paradox" is the middle name of the 
metallic soaps. Among them, for ex
ample, a water-soluble waterproof
ing agent ; friction producing mate
rials and lubricants ; adhesives and 
parting agents that promote sepa
ration ; flammabl� flame-retarding 
compounds ; emulsifiers and demul
sifiers ; polishes and flatting agents ; 
gel-formers and gel-breakers
truly a package of paradoxes, but 
every one useful. 

When a solution of a salt of an 
appropriate metal is mixed with a 
solution of a soluble soap, the metal-

Courtesy Standard 011 Company. (N.J. ) 

SOAPS T HAT 

lic soap curds out. The basic proc
ess of manufacture is essentially 
that, although not quite so simple. 
Most 'applications of the metallic 
soaps depend more on physical than 
on chemical properties and there
fore even minor modifications in the 
conditions of manufacture can cause 
differences in product quite out of 
proportion to their apparent impor
tance. Small variations in concen
trations of the solutions, their tem
perature, the vigor of mixing and 
stirring, the degree of acidity or al
kalinity of the mixture during pre
cipitation-all of these and other 
conditions control the properties of 
the product and thus establish its 
specific usefulness. 

Most important members of this 
valuable family are the stearates of 
aluminum, ammonium, calcium, 
magnesium, and zinc. These are the 
tonnage products in the group, 
which includes numerous others al
so highly useful but in lesser quan
tities. 

Many of the commercial m�mbers 
of the family are compounds of the 
metals with mixtures of stearic acid, 
the fatty acid predominant in ani
mal fats, and palmitic acid, sim
ilarly predominant in vegetable oils. 
Often the mixed fatty acids produce 

By D. H. KILLEFFER 
Chemical Engineer 

metallic soaps better adapted to 
specific purposes than those made 
with the pure acids. 

MAKE O I LS "STAY P U T"-"Soaps 
without · soapiness," are basically 
old and the beginnings of their im
portance extends ' back to the early 
years of the industrial revolution 
when an expanding variety of ma
chines of growing complexity needed 
something better and more specific 
than animal fats and whale oil to 
lubricate them. Thus came about 
the earliest use of a metallic soap
calcium stearate-to convert fluid 
oils into semi-solid grease that 
would remain in bearings. 

Next came the use of zinc stearate 
in cosmetic powders, alone or mixed 
with rice flour or talcum powder. 
A strange contrast, typical of met
al-soap uses, between industry's 
heavy bearings and a baby's tender 
skin. Today, these comparatively 
simple early developments have 
grown into a valuable industry sup
plying the keys to unlock many 
puzzling industrial problems. 

Nowhere is the paradoxical nature 
of metallic soaps so apparent as in 
their behavior toward friction. The 
bases of most frictioning compounds 
applied to power belts to prevent 
them from slipping on their pulleys 
are metallic soaps, and other mem
bers of the same family provide 
non-skid surfaces between rugs and 
highly polished waxed floors. Yet, 
under quite different conditions, 
soaps such as zinc stearate behave 
as . effective lubricants between 
metal surfaces that are too hot for 
an ordinary oil or grease to stay on. 
Moreover, the ability of metallic 
soaps to form gels . with fluid oils is 
fundamental to lubricating most 
bearings in equipment ranging from 
ancient ox carts to journal bearin'gs 
in high speed machine tools. 

Cakes of n ewly made g rease; l u brica nt world is a major user of metall ic soa ps 

The function of the metallic soap 
is to hold the oil in place so that it 
can properly lubricate the surfaces. 
Grease so made is able by its basic 
structure to maintain itself, to stand 
up, sometimes under considerable 
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WAS H N OT H I N G 
Lubr ica t ing Bea rings, Powder ing a Baby, and  Waterproof ing a Br ick 

Wa l l  a re Al l  In a Day's Work for the Meta l l ic Soa p Fa m i ly.  Other 

Surpr is ing and Pa radoxical Abi l ities of
. 
These Old-Yet- New Ma terials 

Are Constan tly Appea r ing as  Answers to Baffl i ng  I nd ustr ial  P robJ�ms 

Courtesy MalUnckrodt Chemical Works 
Minor  variations in making metal l ic  soaps cause distinct 
d ifferences i n  the ir  properties. Zinc  stearate, viewed at  
300X, shows f ine, u n i form particles ( left )  and  each  g ram 
has  1 9,000 square cent imeters of fi lm area. Other sample 
( ri g h t )  i s  non - u n iform, has 7500 square cent imeters of 
f i lm areo per gram. To users, such factors may be vi tal 

heating, and this property it owes to 
the potential ability of the metallic 
soaps to form gels with even thin 
oils. Apparently metallic soaps bear 
somewhat the same relation to oils , 
and even gasoline, that gelatin and 
pectin do to water. All form more or 
less solid gels. 

GELS THAT STI C K-The oldest ap
plication of metallic soaps-the pro
duction of grease gels-achieved ex
traordinary importance during the 
recent war in tremendously enhanc
ing the effectiveness of fire bombs 
and flame throwers. This use 
stemmed from the fact that flames 
of gasoline or oil thrown by a flame 
thrower or bomb may not ignite 
the target because the burning gas, 
which is the flame, cannot adhere 
to it. An answer was sought in a 
gelled fuel that would adhere to the 
target, whatever it might be, and 
continue burning with a flame hot 
enough to be effective. · Early at
tempts were based . on gels of gaso
line with raw rubber. This mixture, 
although it forms effective gels, was 
not practical because no rubber 
eould be spared for this purpose. 

Then metallic soaps came into the 
picture. The development of a gaso-

line gelled in this way was by no 
means simple, for the- very diversi
ties of character that make metallic 
soaps so interesting also create a 
virtual labyrinth of possibilities 
that must be explored to find the 
answer to any specific problem. 

With the clue that even thin 
lubricating oils can be gelled by 
calcium stearate and others, and 
that such gels cling to bearings, 
researchers set out to discover what 
soap or combination of soaps would 
convert gasoline into a gel of just 
the right consistency and of strong 
adhesiveness to cling to combustible 
targets and set them afire. Even the 
initial consistency of the fuel was 
possibly less important than the 
ability of the flaming product to . 
retain its clinging . characteristic 
until the target was well ignited. 

The final solution was found in 
aluminum soaps made · from a mix
ture of the fatty . acids of coconut 
oil with napthenic acids from petro
leum. It was called Napalm. While 
the original obj ective was to use 
this ' product in fire bombs to be 
dropped from the air, its most re
markable success was realized in 
the flame throwers. Clearly the need 
for such a material as a military 
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weapon is now very small, but the 
possibilities of Peace-time use of a 
similar technique are likely to be 
important. 

FLAMEPROO F I N G-This control of 
fuels by metallic soaps contrasts 
sharply with the effectiveness of the 
same agents in suppressing flamma
bility. The fire hazard from many 
types of textile fabrics, for example, 
lies in the easy ignition .of surface 
lint and the low ignition tempera
ture of the fibers themselves. Ex
tremely small amounts of metallic 
soaps spread in an even but very 
thin layer on the cloth fibers ef
fectively changes the nature of the 
surface of hangings and draperies. 
Such a procedure affords consider
able protection against flash fires. 

The metallic soap tends to hold 
stray fibers against the. threads, thus 
reducing their flash potential, and 
at · the same time the extremely 
thin layer of the compound substi
tutes its relatively high ignition 
temperature for the lower one of 
the fiber itself. Although this is not 
complete fireproofing by any means, 
it at least suppresses the extreme 
hazard of flash firing which con
stitutes a dominant hazard in public 
places. The metallic soap itself will 
ultimately bu'rn, but it is quite dif
ficult to ignite-an important factor 
in fire hazards. 

PART I N G  COMPOU N DS - The 
principal effectiveness of the 
Napalm fuel is the adhesiveness im
parted to the gasoline by the addi
tion of metallic soaps. But this ad

. hesive quality is a quality of this 
particular type of gel, and is not 

Checking consistency of fresh g rease 
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"Ge l - gas" has surpnslng st ickiness 
and p robably has more than one use 

necessarily inherent in the metallic 
soaps themselves. 

Actually, an important field of 
usefulness of these "non-soapy" 
soaps is in parting preparations em
ployed to assist in separating molded 
plastics articles from the molds in 
which they are formed. Minimum 
amounts of aluminum or zinc 
stearate added to the molding com
pound or dusted separately into the 
mold . cavity ahead of the charge 
allows the finished product to be 
ej ected much more easily at the 
proper point in the cycle. In addi
tion, the compound assists the flow 
of the plastics into the fine features 
of the mold, thus improving the 
finish of . the final molded piece. 

A similar application of magnesi-
' 

um stearate or calcium stearate as
sists pharmaceutical manufacturers 
in pressing tablets of certain 
remedial agents which are otherwise 
difficult or even impossible to mold 
on modern machines. Typical are 
lozenges . stamped from mixtures 
containing large proporti�ns of 
sugar or dextro&t!, and tablets of 
ferrous sulfate. 

GREAT VERSAT I L I TY - Metallic 
soaps are useful constituents of the 
wax mixtures used for polishing 
purposes, since their gelling action 
suppresses the tendency of some 
waxes, notably paraffins, to crystal
lize. On the opposite end of this 
scale, addition of metallic stearates 
to oil varnishes suppresses the gloss 
of the dried coating and without ex
ertion gives the finished work a dull 
surfac,e resembling that attained by 
rubbing. 

The suppression of crystallization 
of paraffin waxes effected by metal
lic soaps is also important in the 
preparation of wax coatings to be 
applied to paper and similar flexible 
materials. The layer ' of a com
pounded wax possesses far greater 
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flexibility and a much reduced 
tendency to crack or to separate 
from the base materials on flexing. 

The gelling quality of metallic 
soaps can also be effective in hold
ing heavy pigments in suspension 
in paint vehicles when they would 
ordinarily separate out as heavy 
layers in the can or barrel. This ef
fect of additions of 1 or 2 percent of 
the appropriate metallic soap to a 
paint vehicle is particularly useful 
where differences in settling rates of 
several mixed pigments may change 
the color of the pa"int as it stands, 
a change not always easy to reverse 
with the ineffective stirrers avail
able in the field. Mixtures of heavy 
lead pigments with organic lakes as 
tinting agents are particularly 
troublesome in this way. 

Additions of metallic soaps to sus
pensions of pigments in vehicles 
also assist in emulsifying the resin
oil-pigment mixture in water as 
practiced in the newer types of wa
ter emulsion paints. This action is 
the antithesis of that expected of 
metallic soaps in breaking and pre
venting emulsification. 

S H I P  FOU L I N G  
May be Reduced by 
Changing Electrical Charge 

RESEARCH conducted in Germany, 
and abandoned because of the war, 
included a proj ect that suggests a 
new attack on the age-old problem 
of fouling of ships' bottoms. The 
new basic theory is that the seeds 
and larval forms of the organisms 
involved in fouling are attracted to 
the ship's bottom by an opposite 
electrical charge. Furthermore, this 
theory is supported by the failure 
of fouling organisms to attach them
selves to certain natural inhabitants 
of the sea-seaweed, and j ellyfish, 
for example-that carry like charges. 

Preliminary tests with certain in
soluble alginate salts showed them 
capable of imparting a charge to ob
j ects in the sea coated with them 
and to repel fouling organisms in 
their rudimentary stages. Investiga
tion along this line is expected to be 
resumed or undertaken by others 
and may well lead to entirely new 
types of non-toxic anti-fouling com
positions to protect shipping in the 
future. 

CES I U M -VAPO R LAM PS 
Throw Little Visible 
Light, Strong Infra-Red 

HIGHLY valued, not for their effi
ciency as illuminators but rather 
because their light cannot be seen 

Ammonium stearate, unlike the 
other metallic soaps, is soluble in 
water, but it is also a 'valuable 
waterproofing agent. The advantage 
of this technique lies in the ease of 
application of the ammonium 
stearate in water solution to brick 
or plasterwork, for example, as 
compared with the necessity of em
ploying a much more expensive 
organic solvent to spread stearic 
acid alone. Furthermore, the differ
ence in spreading power of the or
ganic solution and the water solu
tion are important in achieving the 
final result. Other metallic soaps, 
particularly zinc stearate, also repel 
water and thus serve in many ap
plications where a surface is to be 
protected from wetting. 

Clearly, the metallic soaps are 
shown by even these few examples 
to be remarkable, versatile, and use
ful materials. In their peculiarly 
paradoxical properties are to be 
found solutions for many pressing 
problems of industry. At least they 
are worth careful investigation 
when problems arise that seem im
possible to solve. 

easily, cesium-vapor lamps are sim
ilar in principle to the efficient 
sodium-vapor lamps employed in 
lighting highways. They emit radia
tion strong in infra-red, which is 
invisible, but weak in visible light. 

Consequently these lamps have 
found important applications in 
secret communication, particularly 
when the freedom of this type of 
communication from interference by 
static or j amming is vital. The lamps 
are filled with a mixture of argon 
and cesium vapor. 

M OVABLE ALCO H O L  PLANT 
Converts Crops at Farm 
Site by Contin�ous Process 

BUILT in a series of mobile units to 
be taken to farms for processing 
surplus and sub-standard crops on 
the spot, a new alcohol plant, when 
complete, occupies a five-car rail
road train. It is designed around the 
latest continuous processes of fer
mentation and distillation so that the 
highest efficiency of conversion and 
largest output can be obtained with 
a minimum of equipment. 

The processes have been lately 
developed and have been demon
strated on a pilot-plant scale as well 
as in stationary plants. The system 
was demonstrated at a recent Na
tional Chemical Exposition and it is 
expected that a full-size demonstra
tion unit will be built by next sea
son. 
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P I P E  
with a futu re 

Asbestos-Cement Pipe, I n  Addition to Being H igh ly  Resistant  to Under

Ground Corrosion, I s  Free of Tubercu lation and  Excess ive Ground

Water I nfi l tra tion .  Added U p, These Fea tures Mea n Long Useful Life 

By J EROME CAMPBElL 

WHEN the city-fathers of a 
given municipality decide to 

spend some of the taxpayers' money 
for a new sewage-disposal or water
supply system, and when the engi
neers entrusted with designing get 
down to brass-tack estimating, one 
of the first questions that !irises is:  
"What kind of pipe will be the most 
efficient for this j ob-both now and 
in the years to come ?"  

The "years to come" part of that 
question is often the most vital part. 
Water pipe that serves adequately 
for a short time and then because 
of internal corrosion starts to re
quire more and more pumping pres
sure, and eventually heavier pump
ing equipment, is not economical. 
Neither are sewer lines that infil
trate thousands of gallons of ground 
water which must pass through the 
treatment plant along with the sew
age. 

As a result of these factors, and a 
multitude of others, the ' log of pip
ing materials that have been tried 
with varying degrees of success is a 
long one. But one type of piping, 
made from asbestos and cement, has 
been standing at or near the top of 
the list for many years. Despite its 
existing record, asbestos-cement 
pipe is not widely known and is 
even now just being "discovered" 
by persons involved in today's ex
tensive building programs-indus
trial and domestic. 

The ability of asbestos-cement 
pipe to meet the demands of long
range planning for water and sewer 
systems, its freedom from various 
types of corrosion, and its internal 
smoothness that keeps flow capacity 
at a peak through the years, are re
sponsible for this material's excel
lent record in underground service. 
Sewers and water mains, however, 
are not ' the only fields where long, 

grey tubes of asbestos and cement 
are doing a good j ob. It is also nicely 
suited for flue-pipe, vent stacks and 
ducts, and electrical conduits. 

B U I LT- U P  P I PE-The material of 
which the pipe is made could be 
called a compounded mineral. Two 
mineral substances, asbestos and 
cement, are blended and integrated 
to make a smooth, hard" close-tex
tured piping, stone-like in durabil
ity, but not brittle or easily broken. 
This pipe can be cut with ordinary 
saws to accurate 'dimensions and 
machined to close tolerances. 

In manufacturing it, asbestos 
fibers are first · selected and blended 
to obtain maximum durability and 
toughness. Then in pre-determined 
proportions, the fibers are mixed 
with cement and a sufficient volume 
of water is added to disperse the 
fibers uniformly through the mix
ture. 

, This mixture or slurry, as it is 
called, flows into a tank where a re
volving drum of fine wire mesh de
posits it in a coating about 1/100 of 
an inch thick, on a broad, endless 
felt band. The moving felt carries 
the thin coating in a wide ribbon 
over vacuum chambers, which re
move excess moisture from the mix
ture and then transfers it to a re
volving polished steel mandrel. Here 
the coating builds up continuously 
under the pressure of heavy hy
draulically loaded rolls which com
press it into a dense, homogeneous 
structure. 

In this way, a pipe the length of 
the mandrel is built up until the de
sired wall thickness is reached. 
After the pipe is removed from the 
mandrel and put through an exten
sive curing process, the asbestos
cement walls are found to be smooth 
and hard, with great toughness and 
durability, yet surprisingly light in 
weight. Modern equipment forms 
asbestos-cement pipe in 13-foot 
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Asbestos· cement  p i p e  i n  1 3 · foot 
lengths  is  joined togethe r  by sleeve 

coupl ings  made of the same mater ia l .  

Hydrau l ical ly  operated pu l le r  i s  u sed 

to drow the coup l ing  over the ends 

• L O O K I N G A H E A D . 

Wider knowledge and g reater appre
c iation of a sbestos- cement  pipe. . . 
Extensive use in "hurry- up" bu i ld ing 
projects where ease of insta l la tion is 
vita l .  . .  Savi ngs i n  terms of c ritica l 
metal  suppl ies . . .  Better mun ic ipal  
san i tation a t  lower cost. 

lengths, in diameters ranging from 
three to 36 inches, and in four pres
sure or strength classes. Which of 
these sizes and strengths is selected 
by the user depends, of course, on 
the application. Lighter weights, for 
example, are more generally used 
for flues and stacks than for under
ground installations where overhead 
loads are a factor. 

LONG L I  F E-Most water 'ljInd sewer 
pipe lines are generally buried in 
the soil. Here, broadly speaking, 
two types of corrosion can take 
place-chemical and electro-chemi
cal. Chemical corrosion is caused by 
the acids and salts encountered in 
the soil. Although these activ,e agents 
would be able to leach out the free 
lime in neat s:ement, asbestos
cement pipe is so cured as to con
vert the free lime in its composition 
to insoluble silicates. This insolu
bility gives the pipe a high re
sistance to the leaching tendenCIes 
of the soil. Electro-chemical corro
sion, on the other hand, is an ex
tremely complex process when it 
occurs in metallic pipe installed 
underground and is analogous to the 
action which t<J.kes place in a dry 
cell. In brief, certain areas of the 
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pipe surface which are shielded from 
oxygen begin to function as anodes 
and become corroded. Other areas 
behave as cathodes and do not cor
rode. Asbestos-cement pipe, being 
non-metalic, does not conduct elec
tricity. Hence it is entirely . free 
from electro-chemical corrosion. 

An equally important advantage 
of asbestos-cement pipe is its high 
flow capacity, stemming from the 
smooth interior surface imparted to 
the pipe by the polished steel man
drel on which it is built up. Water 
flows easily along this smooth sur
face, permitting high carrying ca
pacities and low pumping costs. 

Tying in with these two factors 
of flow capacity and pumping costs, 
is the freedom of asbestos-cement 
pipe from tuberculation. This is the 
technical term for an evil that often 
effects serious reductions in the 
carrying capacity of cast iron and 
steel pipe. The word is derived from 
the "tubercles" or stalactite-like 
nodules that multiply on the interior 
surface of ferrous pipe. There they 
cling tenaciously, increasing the re
sistance of the pipe to the water 
flowing through it. The increased 
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Corrosion - resistant  
asbestos-cement 

p ipe i s  
used for 

venti lat ing ducts 
on the roof 

( r i g h t )  
o f  a large 

chemical  plant 

Workmen ( below) a re 
shown operating 

the carriage 
which s l ides a f i n 

ished length 
of pipe 

from the mandrel ,  
whi le on  the 

machine i n  the bac k 
g round pipe 

is  being rolled on 
a n  alternate 

mandrel 

friction and turbulence of flow 
diminishes the efficiency of the pipe 
and in some cases gradually reduces 
the effective interior diameter until 
there remains only a small fraction 
of the pipe's original water-carrying 
capacity. 

Because these tubercles do not 
"grow" on the interior surface of 
asbestos-cement pipe, its carrying 
capacity, over · years of service, re
mains undiminished. Clearly, this 
advantage is important to the engi
neer designing a water system. Pipe 
sizes and pump pressures can be 
determined on the basis of present 
and estimated future water require
ments of the community. There is no 
need to specify larger pipe and 
higher pumping pressures so as to 
make provision for future deteriora
tion in the line's carrying capacity 
as a result of tuberculation. Also, 
because smaller pipe can be used, it 
is often possible to provide for more 
extensive pipe installations without 
increasing costs. 

F LEX I B LE I N STALLAT ION-When 
used in water lines, asbestos-cement 
pipe is j oined by a sleeve coupling, 
of the same material as the pipe, 
fitted over the abutting ends of the 
two lengths to be coupled. Two rub
ber rings seal the space between 
pipe and sleeve. Quickly assembled 
without the use of molten lead 
caulking or similar hot compounds, 
the sleeve coupling makes a leak
proof and flexible j oint. For sewer 
pipes a somewhat different coup-
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I n  coal m i n e  insta l lations, asbestos-cement p ipe has  demonstrated its ab i l i ty 
to resist for relatively long periods the corrosive act ions of h ig hly a c i d  
m ine  waters which sometimes eat  away m e t a l l i c  p ipe i n  a m a t t e r  of  days 

ling is used, but coming in 13-
toot lengths, this pipe has fewer 
j oints than other kinds of sewer 
pipe which are made generally in 
three apd four foot lengths. 

The flexibility of the coupling, 
plus the high crushing strength of 
asbestos-cement pipe, enables water 
lines made of it to resist the weaving 
and shifting of the soil, as well as 
the weight of passing traffic. 

LOW I N F I LTRAT I O N  Fewer 
j oints, in addition to simplifying in
stallation, mean - less infiltration of 
ground water into ' the asbestos
cement pipe, since nearly all seepage 
of ground water into sewer lines oc
curs at the couplings. Reduced in-

CONT I N U O U S  RAI L  
Increases Life of Rolling 
Stock; Wider Use Expected 

Now 16 years old, welded, or "con
tinuous" railroad rail is a young
ster in the railroad family, but 
some authorities expect this method 
of track construction to be used 
more widely in the future. At pres
ent, continuous rails account for a 
negligible percentage of all the track 
laid in ,the United States. Reliable 
estimates place the total in the 
neighborhood of 100 miles. About 
33 miles of this is in special in
stallations over bridges and grade 
crossings, through tunnels and sta
tions, and in city streets. The re
mainder is open track. 

According to railroad experts, 
long sections of welded rail have 
certain advantages over the stand-

filtration, in turn, makes for more 
economical and efficient operation 
of treatment plants. Ground water 
infiltrating into sewer lines is con
sidered by treatment-plant operators 
and sanitary engineers to be one of 
the maj or problems of sewage treat
ment. 

Generally speaking, when a new 
sewer is installed and tested, the al
lowable amount of infiltration is 
fixed at not more than one gallON 
per hour per inch of pipe diameter 

, per 100 feet of line. For eight-inch 
pipe this amounts to an allowable 
infiltration ' of approximately 10,000 
gallons per mile per day. Infiltrating 
ground water costs virtually as 
much to process at a treatment 
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ard track made of 39-foot sections. 
These advantages include reduced 
shock on rails, rolling stock, and 
freight; reduced noise for passen
gers ; lessening of impact of bridge 
loads, as much as 50 percent in some 
cases ; and where long sections are , 
used at crossings and in city streets, 
damage to pavement near the track 
is reduced. 

The first continuous rail was laid 
through a tunnel by the Central of 
Georgia . in 1930. Today at least 
17 roads have installed varying 
amounts of welded track up to a 
total of 42 miles on one road. The 
lengths range from a few hundred 
feet . up to 7000 feet, the longest 
single piece now in use in open 
track. 

On the rail itself, a temperature 
variation from one season to another 
of 100 degrees, Fahrenheit, is com-
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plant as  raw sewage. Hence, the Jow 
infiltration rate prevailing in sewer 
lines of asbestos-cement pipe brings 
down treatment plant operating 
costs and sometimes permits the 
erection of smaller plants at corre
spondingly smaller expenditures. 

Aside from the foregoing uses, 
asbestos-cement flue pipe is finding 
application for venting gas-burning 
appliances. Durability, pleasing ap
pearance, and a relatively low heat 
conductivity that retards the rate of 
drop in flue-gas temperature, all 
contrihute to its suitability for this 
field. Draft conditions are improved 
and condensation reduced because of 
the heat-conductivity factor. 

Similarly, the light weight and 
corrosion resistance of asbestos
cement pipe make it convenient for 
venting industrial fumes and gas 
when it is installed as ducts, vents, 
and stacks. Metal heating and melt
ing operations ; grinding and polish
ing of glass, stone, or metal; and 
chemical processing that gives rise 
to corrosive fumes br gases, are 
cited as a few of . the applications 
where asbestos-cement vent piping 
has made good. Because of its 
strength and corrosion-resistant 
qualities, this type of ventilating 
pipe may be used on the outside of 
industrial buildings without painting. 

The new homes, new roads, and 
new factories now building or 
planned will increase ,the demand 
for a durable, quickly assembled, 
and long-lasting pipe to bring sup
plies of pure water, to carry away 
sewage, and for drainage and ven
tilating purposes. In helping to fill 
this demand asbestos-cement 'pipe 
promises to make a growing con
tribution to the country's domestic 
and industrial well-being. 

monplace in many sections of the 
country. Unrestrained, a single sec
tion of steel rail one mile long would 
lengthen about 41 inches during a 
temperature rise of 100 degrees. The 
largest single holding force is the 
friction that exists between the rail 
and the tie plate that holds the rail 
upon the tie. The ballast In the road 
holds the tie and rail. Extra clamps 
are placed at each end - of the con
tinuous section to control any move
ment. 

Best results are obtained by lay
ing the rail at a time when the 
temperature lies midway between 
the expected high and low for that 
section of the country. This cuts the 
possible expansion or contraction 
about in half. Railroad engineers 
say that by using these methods no 
more expansion is noticed than can 
be taken care of by the bolt clear-
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ances in the plates that connect the 
separate sections. This is no more 
than is normal in the standard rail. 

Proponents of continuous rail be
liev� that this method of construc
tion holds a promise of higher 
speeds, greater comfort for passen
gers, and increasingly long life for 
railroad equipment. 

COAL M I N E  HAZARDS 
Reduced Greatly by Use 
of New Devices, Explosives 

M ORE than 100 different safety de
vices, machines, and methods have 
been introduced into United States 
coal mines in the past 20 years. 
Costing more than $100,000,000, the 
safety measures are credited by the 
Bituminous Coal Institute with re
ducing accidents by nearly one half 
during this period, or at the rate 
of about 4 percent per year on a 
basis of production. 

Since W orId War I, a widespread 
change from the use of black powder 
and dynamite to the use of permissi
ble modified explosives producing 
reduced flames and reduced tem
peratures is said to have diminished 
one of the maj or hazards of mining 
by more than 50 percent. Coal 
miners are the largest peace-time 
users of explosives and 180 different 
brands conforming to safety stand
ards approved by the United States 
Bureau of Mines or an accepted 
testing agency are said to be used 
now. 

Though many miners themselves 
are reported to have obj ected to the 
originaL change from oil or carbide 
to electric safety lamps made man
datory by the coal operators, and 
to the compulsory introduction of 
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hard hats, hard-toed shoes, safety 
belts, and safety appurtenances, the 
general use of these devices is said 
to have precluded many thousands 
of accidents. Over 20 automatic sig
nals, alarms, and gages are stated 
to be in use now to record water 
pressures mechanically, detect the 
presence of gases, break electrical 
circuits, and otherwise afford in
stant protection from operating haz
ards. 

The prevention or spread of un
derground fires has been decreased 
sharply by the extensive use of cal
cium chloride in allaying accumu
lations of coal dust ; by fire-proofing 
ventilation guides, housings for elec
trical equipment, shaft lines, mine 
entrances, overcasts ; and the erec
tion of fire-proof doors in the mines. 

The first safety director for a coal 
mine is said to have been appointed 
in 1910 but now one or more such 
specialists in accident prevention are 
on the staff of every maj or coal 
mining company in the nation. 

ROLLE R-BEA R I N G  
FO U N DATION 

Permits Six-Inch B uilding 
Shift During Earthquakes 

ENABLING a building to "roll with 
the punch" of an earth tremor, anti
earthquake roller bearings are being 
installed under a new west-coast 
building. Weighing 600 pounds each, 
65 sets of these specially designed 
bearings are being used to protect 
from earth shocks a three-story ad
dition atop an existing six-story 
building. Placed under the main pil-

Sealed and l ubricated for l ife, 600 -
pound bear ings  can move any d irection 

lars of the addition, each bearing 
assembly supports a load of 250,000 
pounds and, acting together, they 
permit the addition to move six 
inches in any direction. 

This unique roller-bearing con
struction was necessary because the 
six-story structure upon which the 
new addition rests was built before 
a now existing building code Was 
adopted. This code demands con
struction which takes into account 
earthquake stresses. It was found 
that any attempt to strengthen the 
present building would result in ex
cessive costs, and also prohibitive 
disruption of company activities. 

By "floating" the three-story ad-

dition on roller bearings, the verti
cal loads, due to gravity, are di
vorced from the horizontal forces 
exerted by the ground waves of an 
earthquake. Each anti-earthquake 
bearing consists of three steel plates 
with two interposed sets of steel 
rollers placed at right angles to each 
other. The rollers between the bot
tom and center plate roll in a north
south direction, while those above 
move east and west. If a diagonal 
shock is encountered, both sets of 
rollers operate. 

Each group of rollers is hermeti
cally sealed so no foreign matter 
can penetrate, and lubricated with a 
special type of oil. Because of the 
tremendous weight they carry, the 
rollers, and the steel plates upon 
which they move, are made of tough 
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steel, ground and polished to mir
ror-like smoothness and precise 
measurements according to their 
manufacturer, the Torrington Com
pany. 

AUTOGYRO G L I D E R  
May be Towed b y  Plane, 
Holds Commercial Possibilities 

A MOST unusual development in 
the glider field, an odd-looking 
wingless craft which works like an 
auto gyro without a power source, 

has recently been developed at the 
General Electric Flight Test Center. 

Known as the Gyro-Glider, the 
craft is supported by two nine-foot 
rotating blades. atop the fuselage. 
Weighing 120 pounds ready to fly, 
it is capable of lifting nearly 300 
pounds-pilot and cargo-in addi
tion to its own weight. 

The Gyro-Glider can land in ex
tremely small areas, requiring a 
landing field not more than 60 feet 
is diameter, according to the com
pany's design engineers. 

Expected to have wide commer
cial application as a means of reach
ing isolated areas without adequate 
landing fields, the Gyro-Glider is 
one third the weight of a standard 
fixed-wing glider, and can be 
steered within limited range and 
land on any spot of the pilot's 
choice. For such use, the glider 
would be towed by an airplane and 
released like a standard glider. It 
has a descending speed less than 
than that of a parachute and can be 
landed with such ease that it is not 
likely that damage would be caused 
to the cargo. 

Like an autogyro, the new glider 
makes a forward roll of 20 to 30 
feet when landing. The rotating 
blad�s, can be easily removed so 
that the craft can be transported 
from home to airport in the rear 
of a station wagon, which also can 
serve- as its towing agent. The new 

Simpl if ied controls, h igh  l ift-300 
pounds p lus  own weight-spel l  promise 
for th is  c ra ft. With p i lot  replaced 
by cargo, a n d  radio control,  g l ider  
could make del iver ies i n  t ight  fields 

craft is equipped with a tricycle 
landing gear. 

According to Mr. David C. Prince, 
one of the designers, an independent 
means of bringing the rotor up to 
speed would eliminate the tow run 
at take-off. 

U N STABLE G LASS 
Has High Light 
Transmission Speed 

L IGHT TRAVELS faster through beryl
lium-fluoride glass than through 
any other glass, solid, or liquid, the 
American Optical Company reported 
recently in announcing that the 
optical properties of the new glass 
have been successfully measured for 
the first time. 

The report said that light travels 
through space at the rate of 186,000 
miles per second, and through the 
beryllium-fluoride glass at 146,000 
miles per second. In comparison, 
light travels through water at 140 .-
000 miles and through spectacle 
glass at 122,000 miles per second. 

The measurements also showed 
that the beryllium-fluoride glass 
separates light into its component 
colors far less than any previously 
known substance. Accordingly, if 
it could be used in making a lens it 
would produce less color aberration. 

The glass-forming properties of 
beryllium fluoride, a material used 
in making beryllium metal, which 
in turn is employed to harden cop
per ' and other metals were first pre-
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dicted and demonstrated in 1927 by 
V. M. Goldschmidt, a German scien
tist. He predicted that the glass 
would have a low refractive index 
( light-bending power) and a low 
color dispersion, but apparently 
never measured these optical prop
erties. 

Special steps had to be taken to 
measure the glass because it is ex
tremely hygroscopic. When exposed 
to air, it absorbs moisture so rapidly 
that a prism made of it collapses 
into a puddle. As a result, such 
prisms could only be polished by 
means of techniques specially de
veloped for the investigation. 

In composition, the beryllium 
fluoride differs from ordinary sand 
glass in that fluorine, a poisonous 
gas related to chlorine, replaces 
oxygen and beryllium replaces sili
con. The samples measured were 
made by the Brush Beryllium Com
pany. 

RESI STANCE WELD I N G  
Accomplished b y  Battery 
Power, Carbon-Pile Control 

IN MANY industrial localities, the 
power facilities available have not 
permitted use of fast and low cost 
resistance welding for the fabrica
tion of metal products. In addition, 
resistance welding has grown so 
rapidly in recent years that power 
supply difficulties have been ex
perienced even in maj or industrial 
areas. At a recent meeting of the 
American Society of Mechanical En
gineers, Mr. John D. Gordon of the 
Progressive Welder Corporation 
pointed out one solution to this 
problem involving the use of car-
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bon's characteristic ability to con
duct electricity better when under 
pressure than when no pressure is 
applied. 

Here, the question was the storage 
of electrical energy in some manner 
in the time interval between welds, 
the most obvious method of storing 
energy being the storage battery. 
However, no one until recently had 
found any way of interrupting 
the enormous low_voltage currents 
when using batteries. The answer 
was finally evolved, according to 
Mr. Gordon, in the "carbon pile 
rheostat"-a very common device 
but not previously considered in 
this connection. The device makes 
it possible to interrupt current flow 
simply by releasing the pressure 
used to press two discs of carbon 
together. 

Storage battery welders, it was 
added are no longer experimental 
today. They are being used to weld 
almost everything from thin sections 
of ordinary steel or stainless steel, to 
heavy sections of aluminum. When 
welding those materials which re
quire exceptionally heavy currents 
it is only necessary to add more 
battery cells. 

The storage batteries are kept 
charged between welding operations 
by battery chargers similar to those 
used to charge automobile batteries. 

CAR B I D E  P LAN E R  TOOLS 
A llow Higher Output; 
Take Interruptions Successfully 

T HAT the relatively slower speeds 
of most planers-measured in SFPM 
-make this type of machine tool 
less adaptable to carbides is a theory 
not supported by facts. Routine 
planing with carbide tools of such 
ferrous castings as . turret-lathe 
pedestals, turret slides and saddles, 
cross slides, and cross-slide car
riages, for example, has been suc-

cessfully accomplished by one manu
facturer over a five-year period. 

The company states that with 
good tool practice and good opera
tors, carbides are preferred for most 
planing operations sInce not only 
greater output-on the newer plan
ing machines capable of 200 SFPM
but also better size and finish is ob
tained than with high-speed steel 
tools. The steel tools are still used, ' 
however, on exceptionally deep hog
ging cuts-over % inch depth of cut 
-and those cuts, usually in slot
ting, in which depth of cut would 
exceed the lift of the clapper box. 

The users, Warner and Swasey 
Company, report that their ex
perience appears to indicate that 

. Carboloy tools can take severe in
terruptions. in cutting. In planing 
the large bed for a textile machine, 
for example, many interruptions 
are caused by the necessity of in
ternally bracing the machine base 
to provide the rigidity required in 
the finished machine. Here, planer 
speeds of about 200 SFPM are used. 

Further, experience to date indi
cates that available p,laner speeds
usually on the "low" side when gen
eral carbide machining practice is 
considered-present no difficulties. 
Good results are being obtained with 
Carboloy tools even on older ma
chines with toP practical speeds of 
as low as 70 feet per minute or less. 
When used on these older machines, 
carbides have the advantage of 
longer service life between grinds. 
'On the newer machines, 200 SFPM 
is standard shop practice, and usu
ally from 4 to 24 pieces are planed 
in a single set-up. 

In setting up for planing any kind 
of iron casting at the user's plant, 
reference is made in the shop to 
simple tooling data sheets which 
cover the general classes of planing. 
These sheets provide needed data on 

Lorge machine bed with many inte rruption s  is planed at 200 SFPM with carbide bit 

number of cuts, types of tools, feed, 
depth of cut, speed of cutting, and 
speed of return. In general, cutting 
recommendations are based on the 
slowest planer which might be used 
for this type of work. 

I N· L l N E  AERO EN G I N E  
Features Light Weight, 
Internal Cylinder Cooling 

DESIGNED for the personal-plane 
field, a new light-weight, four
cylinder, in-line, air-cooled engine 
develops 125 horsepower at 2500 
revolutions per minute and 110 
horsepower at 2200 revolutions per 

Valves serviced; cylinders remain on 

minute. Designated the Cameron 
C4..:I-E1, the ' engine is said to be 
particularly desirable for twin
engine installations, as well as for 
single-engine airplanes, due to its 
minimum frontal area. Total dry 
weight of the production model will 
be under 200 pounds, or approxi
mately 1% pounds per horsepower. 

In addition to extreme light weight 
and minimum frontal area, other 
features of the engine inClude posi
tive fuel inj ection ; internal cooling 
of cylinders through an unusual de
sign feature ;  accessibility of valves 
and seats for servicing with cyl
inders remaining - on the engine; and 
a deep-groove ball thrust bearing. 

Since the Cameron engine utilizes 
a full-pressure, dry-sump lubrication 
system, it may be . mounted in in
verted or upright position to obtain 
the desired relation between thrust 
line and engine center of gravity. 

MESABI CO·O p I RO N  
Will Try State-Private 
Conversion of Ore Waste 

IN A CO-OPERATIVE program which 
may set the pattern for future de
velopment of natural resources, a 
modern plant is being built on the 
Mesabi Iron Range of northern 
Minnesota for the conversion of iron 
carbonate slate to pure iron powder. 
The slate, heretofore a waste pro
duct, overlies the iron-ore forma-
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tion and is present in great abund
ance, is uniform in composition, and 
is easily accessible. 

In a continuous chemical process, 
susceptible to close control, the iron 
is dissolved out of the ore by acid, 
precipitated as crystals of iron sul
fate, and preferentially roasted to 
iron oxide of high purity. This 
product is then reduced to iron 
powder of controlled physical char
acteristics with a purity of over 99 
percent. 

Already proved in the laboratory 
as a means of producing iron pow
der thoroughly adaptable to pow
der-metallurgy fabrication, the pro
cess has not yet been operated on a 
scale large enough to determine 
production rates and operating 
costs. The benefiits resulting from 
the establishment of a year-around 
metallurgical industry in the Mesabi
Range area, and the possibility of 
development of a new resource, are 
the state of Minnesota's incentives 
for the sharing of tM risk of the 
new enterprise with a private in
dustrial organization, Continental 
Machines, Inc. 

R U B B E R  LABO RATO RY 
Carries On Extensive 
Work in Synthetic Field 

FIFTY new kinds of synthetic rub-
ber have been made in a research 
laboratory, operated at the Univer
sity of Illinois for the past three 
years in connection with the gcv - ,  
ernments synthetic rubber program. 
In addition to developing the new 
rubbers, the laboratory's other 
proj ects have included : Establish
ment of the effect and importance 
of purity of materials going into 
synthetic rubber; study and im
provement of ,the soap used in the 
rubber-making process ; and devis
ing analytical methods for con
trolling production and quality of 
rubber during its manufacture. The 
laboratory at the University is de
voted entirely to research on im
provements in rubber mimufactur
ing and new types of rubber, and 
involves no work in compounding

'
, 

vulcanizing, or tire building. 
While all rubber now being used 

for tires is made through an emul
sion process, the chemists also 
studied a Russian process using so
dium in place of soap emulsion, and 
compared results of the two proc
esses. From this they have learned 
how to make a better sodium-rub
ber which in preliminary tests re
vealed "marked superiority"· in re
sistance to heat build-up and to 
cracking, the two greatest faults of 
present synthetic rubber. , 

Professor Carl S. Marvel, head of 
the laboratory, pointed out that to-

day's synthetic-rubber passenger 
auto tires are practically equivalent 
in wear to pre-war tires made from 
natural rubber. They have been im
proved from 3000 miles of wear at 
30 miles per hour to 55,000 miles at 
50 miles per hour. Greater improve
ment is expected, and also improve
ment in heat resistance, which is 
the difficulty in using present syn
thetic rubber in heavy-duty tires. 
He believes that in not more than 
two more years, synthetic rubber 
will be well superior to the natural 
product, and the United States will 
be permanently free of dependence 
on foreign rubber sources. 

made in hatches at the present time. 
The chemists at the University are 
studying chemicals which will en
able rubber to be made by a con
tinuous process. Many catalysts and 
activators are being examined, and 
success will increase rubber-plant 
capacity by making improved meth
ods of production possible. 

Synthetic rubber is generally 

Another current problem is the 
study of dehydrogenated rosin soap 
as an ingredient in synthetic rubber. 
This has been shown to produce 
superior rubber, and its use relieves 
the need for more expensive soap, 
but it slows production. The prob
lem is to avoid the slowdown, and 
progress on such lines is reported. 

Ingenious New 

Technical Methods 
. To Help You 

Simplify Production 

Variable Speed Drive Attachment Offers 
Instant Speed Control for Drill Press Work I 
Now you can adj ust drill press  speeds from 
high to low- or any intermediate speed-as 
easily as shifting gears in your car! The Era 
Variable Speed Dri ve Attachment enables the 
operator to provide the correct speed for 
large or small drills by merely moving a lever. 
This saving in time results in greater work 
volume, better work, and lower production cost. 
The Era Attachment fits all popular makes of 
drill presses, and is  easil y installed without 
the necessity of drilling holes or changing 
present equipment. 
To also help save time on the j ob, many 
plant owners make chewing gum available to 
workers. Chewing gum seems to make work 
go easier, time go faster. Wrigley's Spearmint 
Gum may be used even when both hands are 
busy, eliminating work interruptions, and thus 
promoting greater safety for the operator. 

You can get complete information from 
Era Meter Co. 

3940 N. Kilpatrick Ave. , Chicago 41, III. 

Era Variable Speed 

Drive 

AA-203 
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N ew P rod u cts 
P roces ses  

RAD IAT I O N  CALCU LATO R 
Eliminates Tedious Figuring 
In Planning Heating Systems 

F OR MEASURING radiation for steam and 
hot water heating systems a new cal
culating device has been announced. 
It is claimed this new calculating de
vice, called Heat-O -meter and physi
cally a round dial with three concentric 
celluloid printed disks, eliminates the 
tedious figuring usually necessary to 
determine the correct amount of ra
diation. Just the simple turning of a 
dial and the correct answer is received. 

The dial contains sizes of mains, re
turns, risers, radiator sizes and capaci
ties, round and sectional boUer net rat
ings, chimney flue sizes and capacities 
with minimum and maximum heights, 
hot water tank sizes and capacities, 
fuel-oil tank sizes and capacities, hot 
water generator capacities and other 
valuable heating information en7 
abling plumbers, steamfitters, archi
tects, builders, oil-burner and heating 
salesmen, and all individuals who come 
in contaCt- with heating problems to 
have the correct answers at their finger 
tips. 

I N D U STRIAL CLEA N E RS 
Gain Effectiveness, Safety, 
With Emulsifier Additive 

DESIGNED for use with kerosine and 
other petroleum cleaning agents to in
sure greater safety, efficiency, and 
economy, a new emulsifying agent is 
intended for removing very heavy de
posits of oil and light grease from all 
kinds of metal parts and equipment. 
In solution with petroleum cleaning 
agents the product, oalled Mulsirex, 
adds' to the cleaning potency of these 
agents through its deep penetrating 

qualities and, at the same time, be
cause of its high flash point of 180 de
grees, Fahrenheit, greatly increases the 
margin of safety for the operator. The 
emulsifying chamcteristics make for
eign substances readily soluble in wa
ter, a feature that permits the deposits 
to be flushed away after application 
of the cleaning agent with a simple 
cold-water rinse. 

Because Mulsirex can be used in 
dilutions as high as 1 to 10 with sol
vents, the manufacturer, Turco Prod
ucts, Inc.,  points out that it is economi
cal to use. Applied with a spray, brush, 
or mop, or as a cold-tank immersion 
solution, it is said to be harmless to 
metals and enameled surfaces. 

VAC U U M  GAGE 
Combines Sensitivity, 
Ruggedness, a nd Portability 

DESIGNED for operations requiring con
tinuous and accurate measurements of 
reduced pressures as low as 0.1 micron, 
a new vacuum l):1easuring gage is said 
to be made virtually indestructible 
through the use of non-burn-out ele
ments. 

Originally a component of the RCA 
Electron Microscope, the gage has now 
been developed as a separate, easily 
portable unit, designed especially for 
modern vacuum systems in which ro
tary pumps are used to back oil diffu
sion pumps. Vacuum systems of this 
type are used in the dehydration of 
penicillin mold, in the preparation of 
freeze-dry specimens, in metal sputter
ing and lens coating, and in vacuum 
distillation processes, both in the lab
oratory and in industry. 

The new gage, for example, will con
tinuously indicate the pressure while 
the mechanical pump is "rough" pump
ing, and serve to show the somewhat 

Efficiency, safety, and ran g e  of cleaners are increased by additive 

critical point at which the diffusion 
pump should be connected. The repeti
tive accuracy of the meter reduces the 
time usually lost i n  calculating error, 
and permits maximum time to be em
ployed in actual operation. 

The vacuum measuring unit, called 
type EMG, incorporates two types of 
gages, a thermocouple gage and a dis
charge gage. These gages have stand
ard pipe fittings for connecting to a 
vacuum system and readings on the 
meters in the control unit are easily 
translated into accurate terms of 1>res
sure. All controls are on the front panel . 
Cables and connectors carrying the 
power supply for both gages also ex
tend from the front panel. A rotary 

For laboratory or  production use 

switch is used for operation of either 
gage. 

The thermocouple gage, used to make 
the higher pressure measurements, is 
housed in an all-metal enclosure to 
prevent any accidental mechanical 
damage. The discharge gage is the cold
cathode, diode type of ionization gage 
and is used to give current indications 
for very low pressure measurements. 
It contains no filament to burn out and 
is quite durable. 

A special feature of the EMG vacuum 
gage makes it possible to use the same 
meter-control unit with any number 
and combination of gages. The gages 
can be permanently installed in the 
vacuum pumping units and the portable 
meter control unit can be plugged-in 
at any desired position to obtain a 
pressure reading. 

The new instrument weighs only 18 
pounds complete with gages and cables. 
It measures 10 inches high, 13112 inches 
wide, and 8% inches deep. 

LU M I N ESCENT " L U C I TE" 
May be Fluorescent or 
Phosphorescent in Many Colors 

ACRYLIC-resin sheeting containing 
luminescent pigments-a fluorescent 
type which glows when exposed to 
ultra-violet light, and a phosphorescent 
type which glows in the dark after ex
posure to ordinary light-promises wide 
use on highways, airlanes, and sea 
lanes. Phosphorescent acrylic, or "Lu
cite," is being investigated for large 
bands on channel markers and buoys 
to light them at night without necessi
tating maintenance or replenishment of 
a power supply. The plastics has dem-
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onstrated dura bility on exposure to se
vere weather or salt water. 

The afterglow of the phosphorescent 
sheeting is claimed to be outstanding in 
the field of plastics. After exposure to 
light, the sheeting gives light of maxi
mum brilliance for a matter of minutes, 
and then continues for ten or twelve 
hours to give light sufficient to be seen 
by an eye adapted to the dark. The 
fluorescent sheeting, on the other hand, . 
does not necessarily store light, but 
glows brilliantly while subj ected to 
ultra-violet. 

Sheeting of both types is expected to 
be used in advertising signs. Other po
tential uses include parts of lamps, 
baseboards, and panels for light 
switches used in bedrooms, directional 
signs of all types, house numbers, 
Christmas-tree ornaments, dial faces 
and airplane instrument panels, theater
exit signs, parts of radios and television 
sets, architectural panels, and entire 
walls and sections for bars. 

The sheets can be manufactured in a 
wide range of colors, in all of the 
standard sizes of regular "Lucite" 
sheeting, and in a variety of thick
nesses. 

TAN K  B REAT H E R  
Reduces Damage t o  Tank 
and Contents by Moist Air 

SPECIALLY designed for industrial or
ganizations employing storage tanks, a 
new line of improved breathers is now 
offered to help alleviate current diffi
culties in replacing corroded and out
worn chemical and oil storage tanks, 
the latter conditions emphasizing the 
necessity of protecting the contents of 

Air  dr ied  before enter i n g  tank 

such tanks against pollution and spoil
age by atmospheric moisture. 

The breathers, in production at the 
Pittsburgh Lectrodryer Corporation, 
carry the name of Lectrobreathers and 
can either be mounted directly over 
a tank's vent or be piped to it. Incom
ing air is thoroughly dried by its pas
sage through activated aluminas con
tained in the breather, which is 
equipped with a color indicator for de
termining when the aluminas are in 
heed of reactivation and when re
activation is complete. 

The manufacturer of this dehumidifi
cation equipment produces breathers in 

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

MAKE YOU R  OWN B I N O C U LARS!  
T O  KEEP POSTED o n  all our new 
Optical Items. send 10e a.nd your name 
and address to get on our reg-ular 
HFlash" mailing list. 

ATTENTION! COM I N G  

A B O U T  JANUARY 30TH!  

Complete Optics & Metal 
Parts for Anny's 7 X 50 
Bi nocu,lars and Army's 6 X 
30 Binoculars! 

A rare opportunity to pick 
up a really fine expensive. 
precision set of Binoculars ,  
either the 7 x 50 or 6 x 3 0 .  
at under % their normal 
retail cost. We will furnish 

CARRYING CASE WITH STRAPS FOR 
7 x 50 BINOCULARS-Modern synthetic 
rubber construction-a regular $12.00 value. 
Stock # 44-8 (Price includes tax) 

$4.80 Postpaid 

NEW PROJECT BOOK - HOME BUILT 
RIFLE SCOPES . • • 30� PostpaJd. List of 
available Riflescope Lenses sent FREE with 
book. 

complete assembly instructions. Send your name and ad
dress. and request Bulletin # 14-8 which will give you 
complete details of this offer the moment it is ready. 

RAW OPTICAL GLASS - An exceptional 
opportunity to secure a large variety of 
Optical Pieces both Crown and Flint Glass 
( seconds) in varying stages of processing. 
Many prism blanks. 
Stock No. 703 - S-8 Ibs. (min. wt.) 

POLARIZING VARIABLE DENSITY ATTACH
MENT FOR 7 x 50 BINOCULARS - An amazingly 
effective unit for controlling amount of light 
reaching your eyes. Cuts down glare in sky and 
overwater observations. Easily snapped on and off 
over the eye cups of American-made 7 x 50 
Binoculars. Govt.  cost $8.30 each. 
Stock # 20,OOO - S  . . . . . . . . . . . . . . • . . . . .  $2.00 Postpaid 

"OUR ADVERTISING SPECIAL"-15 Lenses plus 
10-page Idea Booklet. Make your own telescope. 
microscope, magnifier, drawing projector. Koda-
9hrome Viewer ;  use for experimental optics. copy
mg, ultra close- up shots, etc. Many uses. 
Stock # I-S . . . . . , . . . . . . . . . . . . . .  ' .' " . $1.60 Postpaid 

NEW 50-PAGE IDEA BOOK. "FUN WITH 
CHIPPED EDGE LENSES"�Contains wide variety 
of projects and fully covers the fascinating uses of 
all Lenses in set listed above-only $1.00 Postpa.id 

35 MM. KODACHROME PROJECTING LENS SET 
�Consists of 2 Achromatic Lenses for projecting, 
plus 2 Condensing Lenses and piece of Heat Absorb
ing Glass with directions. 
Stock # 4029 - S  . . . . . . . . . . . . . . . . . . . . . .  $3.10 Postpa.ld 

ACHROMATIC TELE S COPE OBJECTIVE LENSES 
-- Cemented - Diam. 52 mm., F. L. 8�2 inches. 
Slight seconds. 
Stock # 6188 - S  . . . . . . . . . . . . . . . . . . . . . .  $3.50 Postpaid 

MAGNIFIER SET-5 Magnifying Lenses . . .  Powers 
from 1 to 10. Various diam. for many uses. Free 
Booklet on Home-made magnifiers included. . 
Stock # 102 6 - S  . . . . . . . . . . . . . . . . . . . . . .  $2.00 Postpaid 

WE HAVE LITERALLY MILLIONS OF WAR 
SURPLUS LENSES AND PRISMS FOR SALE AT 
BARGAIN PRICE S. WRITE FOR CATALOG ' 
"s" - SENT FREE ! 

ACH ROMAT I C  LENSES 
Dia. F.L. 

Stock No. in. mms. in. mms. Price 
6158-S' 18 80 $1.00 
6162-S 25 122 1.25 
6164-S' 26 104 .80 
6168-S 2 9  7 6  1 . 2 5  
6 1 7 1 - S  32 171 1.00 
6173-S' 34 65 1.00 
6176-S' 38 131 1.00 
6177-S' 39 63 1 . 1 0  
6178-S' 45 189 1.50 
6179-S' 46 7 8  1.25 
6182 - S  2 7  5 1  1.25 
6183 - 8  4 4  189 2.50 
*ASTERISKED ITEMS are uncemented. but FREE 
cement and Directions included with uncemented 
sets. USES :-Use these Lenses for making Project
ing Lenses. Low Power Microscope Objectives.  cor
rected Magnifiers, substitute enlarging Lenses. Eye
Piece Lenses, Macro-photography, Gadgets , Optical 
lnstruments. etc . ,  etc. 

$5.00 Postpaid 
Stock No. 702- S-1% Ibs . . . • .  $1.00 PostpaJd 

2%" DIA. ACHROMATIC TELESCOPE OBJECTIVE 
-F.L. 20 inches. ( Not a war surplus item) . The 
Govt. used very few long focus Objective Lenses 
so we had these made for you. First class lens 
suitable for Spotting Scopes, Terrestrial Telescopes , 
etc. Not coated . 
Stock # 6197 - S  . . . . . . . . . . . . . . . . . . . . .  $10.00 Postpa.id 
PRISM TELESCOPE-All the Lenses You Need to 
build your own 20 power Telescope ! N o  mounts. 
Has wide field of view. 
Stock # 5012 - S  . . . . • . . . . . . . • . • . . . . . . .  $7.25 Postpaid 

A I R FORCES G U N  S IGHT 
With Polarizing Va.riable Density Attachment 

Gan be used as 
Slide Viewer. or 
take it apart and 
you can get Po� 
larizing Variable 
Density Attach
m e n t ,  M a n g i n  
Concave Mirror . 
Reflector Plate. 
M e t a l  R e t i c l e . 
W i n d o w .  L a m  p 
Housing, Ring and 
Bead Sight. The 
Polarizing attach
ment alone is 
worth many times 
the price of entire 
unit. Consists of 
2 Polarizing Fil
ters mounted with 
s m a l l  h a n d l e  
Which rotates one 
around the other. 
May be used in 
Photography, Re

search. Experiments, as Light Dimmer. etc. 
Stock # 908-S . . . . . . . . . . . . . . . . . . . . . . .  $5.00 Postpa.id 

Same Unit Without Polarizing Attachment 
Stock # 91 6 - S  . . . . . . . . . . . . . . . . . . . • • . .  $%.50 Postpa.ld 
BOMBER SIGHTING STATION - A double end 
Periscope Type Instrument of highest precision . 
6 ft. tall. shipping wt. 360 Ibs. Orig. cost $9.850. 
Consists of numerous Lenses, Prisms. Mirrors, 
Gears, Motors. Metal Parts and Electrical Gadgets . 
Stock # 91 4 - S  . . . . . . . . . . . . . . . .  $50 F. O.B. Oklahoma 
SPECTROSCOPE SETS . . . These sets contain all 
Lenses and Prisms you need to make a Spectro
scope plus FREE 15 -page Instruction Booklet. 
Stock No. 1500- S-Hand Type . . . . . .  $3.45 Postpaid 
Stock No. 1501-S-Laboratory Type . .  $6.50 Postpaid 
TANK PRISMS-Plain or Silvered . 90-45-45 deg. 
5%" long, 2 I,a" wide, finely ground and polished. 
Stock # 3004- S-Silvered (Perfect) . .  $2.00 Postpaid 
Stock # 3005 - S-Plaln (Perfect) . . . . .  $2.00 Postpaid 
Stock # 3100 - S-8ilvered ( Second) . .  $1.00 Postpaid 
Stock # 3101-8-Plaln (Second) . . . . .  $1.00 Postpaid 

(Illustrated Book on Prisms included FREE) 

Order by Stock No .  - Satisfaction Guaranteed I m mediate Del ivery 

E D  M U N O  S A L  V A G E  C O . ,  P. O. AUDUBON, NEW JERSEY 

several standardized sizes, but advises 
that several factors be considered before 
any specific size or type is installed. 
These factors include: How frequently 
and how fast a tank is emptied; how 
many cubic feet the tank contains ; the 
nature of the tank's contents ; and 
weather conditions. 

P I RAN I TU BES 
Measure Gas Pressure 
By Filament Resistance 

SUITABLE for pressure gages and leak 
detectors in evacuating apparatus and 
automatic pressure-recording equip
ment, electronic tubes designed with 
special tungsten filaments having a 
high temperature coefficient of re-

sistance permitting direct readings of 
gas pressures are now available. A 
change in gas pressure produces a 
change in thermal conductivity, fila
ment temperature, and filament re
sistance. Measurement of filament re
sistance, calibrated in terms of pres
sures for individual gases, is indicated 
on an 0-1 milliameter placed in a simple 
bridge circuit. 

Matched pairs of these devices, called 
Pi rani tubes, are recommended for 
greater accuracy according to the 
makers, Sylvania Electric Products, Inc. 
One tube is sealed directly i�to the 
evacuating system while the second or 
compensating tube is left open to sur
rounding air or filled with a specific 
gas to a standard pressure. The tubes 
are usually mounted in close proximity 
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to provide the same ambient condi
tions and the installation is generally 
shielded from radiant heat or air cur
rents. 

Readings may be obtained with plus 
or minus 5 percent accuracy within a 
pressure range of 1 to 1000 microns. 
The tubes are supplied in nonex glass 
envelopes with tubulation for direct 
sealing into the apparatus. The overall 
length of the tube is approximately 
eight inches. They are designed to op
erate at 1.5 volts, 100 milliamperes. Cold 
resistance of the filament is 6.6 ohms. 
Hot resistance at 100 milliamperes in an 
evacuated tube ranges from 15.5 to 17.0 
ohms. 

L I G H T-WE IGHT W I R E  
Uses Aluminum Conductor, 
Glass-Rubber Insulation 

REPORTED to save 200 pounds of weight 
in the Consolidated Vultee B-36 bomb
ing plane, a new electrical wire has an 
aluminum conductor and a fire-re
sistant insulation known as Neolay. 

The . insulation consists of a layer of 
glass to insure circuit integrity and a 
fire-resistant synthetic rubber applied 
by a special dipping process developed 
by the United States Rubber Company. 

FO RMABLE MAGNETS 
Shaped from New 
Alloys for Difficult Jobs 

SOFT enough to be machined rather 
than ground two new magnet . metals 
may be made into any size; shape, or 
form. Called cunico and cunife, the new 
metals can be made in the shape of 
plates, in the form of screws, punched 
out in various square and circular 
shapes, and even drawn out in the form 
of wire, according to General Electric 
Company. ' 

Cunico, which gets its name from 
components of copper, nickel, and co
balt, has been used during wartime 
on tachometers, small timing motors, 
and in gyroscopes, where cunico mag
netic screws. effect extremely fine mag
netic adjustments. 

Cunife, made from components of 
copper, nickel, and iron, h as been used 

as a meter magnet in aircraft devices. 
Both new metals, because of their 

versatility in size and shape, are ex
pected to find applications where mag
nets have never been able to be used 
before. 

PLASTICS FOAM 
Insulates Effectrvely, Is 
Light, Resists Water and Rot 

A NEWCOMER in the low-temperature 
insulation field, Styrofoam-Styron 
plastics expanded 40 times-is a pure 
white, light weight, multicellular mass 
of foam-like material with low thermal 
conductivity, good structural strength, 
and an excellent ability to resist mois
ture and water. The plastics is tasteless, 
odorless, and has good resistance to 
mold and rot. Also, atmospheric ex
posure does not affect it adversely and 

it does not lose its strength at low tem
peratures. Another feature is that it 
shows no tendency to disintegrate or 
settle. 

The physical structure of Styrofoam, 
.according to the ,maker, The Dow 
Chemical Company, consists of a mass 
of small "walled" or sealed cells and it 
is the continuous wall of the individual 
cells which prevents water permeation 
and freezing within the structure .. 

T RACTO R T I RES 
Take Deeper Bite, Shed 
Mud, With New Tread Design 

TREMENDOUS pulling power even under 
the worst soil conditions, and automatic 
shedding of mud and litter as it rolls, 

N ew tire tread on front tractor outpulls older tread on tractor being towed 

I ndividual cell wal ls  seal out water, 
p revent insulating plastics freezing 
on inside. Gi r� holds equal · weights 

·of sol id  and expanded Styron plastics 

are features of a new. tractor tire for 
farm use. In addition, smoother riding 
is reported from the continuous-tread 
design. 

Made by Firestone, the tire embodies 
several innovations in design and con
struction. The wedge-shaped spaces 
between the curved tread bars continu
ously widen from the center of the 
tread to prevent clogging. The tread 
pattern is free of bar ends at the cen
ter around which litter can wrap or 
clog ; the tread bars are higher, and an 
impro'led cross-section design makes 
the tread deeper at the shoulders. 

Pulling power is increased through 
the cleaning advantages of the design, 
since a tread with a higher bar depth 
grips the soil firmly at all times. An
other feature of the Champion Ground 
Grip tire is its versatility. In loose 
earth, the deeper bars penetrate to low 
levels where the shear value of the 
soil is better, while in firm soils or 
muddy-top conditions, they are forced 
to greater depths. And on paved roads 
and other hard surfaces, the wider, con
tinuous tread width provides a greater 
area of contact. 

Several factors are said to contribute 
to the longer life of the new tire. 
The bars, triple-braced near the center 
of the tread to insure stability, are up 
to 25 percent higher. Curving of the 
bars adds strength and reduces wiping 
and scuffing, and the design contains 
additional traction bar length ranging 
up to 73 inches more in the 9-24 size. 
The latter increases traction and affords 
greater protection for the tire body. 

LITH I U M  VAPO R 
Prevents Furnace Scale 
Formation on Metal in Process 

HEAT treating by a new system using 
lithium is reported to combine the work 
of two departments in one: heat treat-
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ing and and slJrface scale prevention 
and removal. 

In one production operation, the proc
ess is claimed to have cut the cost ' of 
removing surface scale on steel forg
ings, which in many cases runs as high 
as $12 per ton of work treated, to ap
proximately 65 cents. 

The system, as explained by The 
Lithium Company, hinges on induction 
of a vapor form of the chemical ele
ment lithium into the furnace's heating 
chamber. Through atomic action, 
lithium not only prevents formation of 
scale during annealing, but renders the 
scaly crust formed in previous forging 
and heating of the metal harmless for 
subsequent machining operations. Work 
emerges tempered by the annealing and 
ready for the machine shop after the 
one operation. The time saved by elimi
nating the necessity for cleaning is also 
an important item. 

Another economy is anticipated in in
creased tool life. Expensive machine 
tools and fixtures are protected from 
abrasive particles left on the work by 
sandblasting and the fact that lithium 
never allows scale to form means that 
this danger to cutting tools is elimi
nated before it stars. 

FLASH BUTT WELDER 
Handles Many Jobs; 
Uses Standard Current 

PROVIDING a quick and economical 
method of j oining most inetals so j oints 
are strong and flexible, a new portable 
welder designed for production welding 
of bar and round stock up to 5/16 
inch diameter is said to be capable of a 

Bu i l t - in  g rinder, control led material  
feed, and a n  a utom.atic welding cycl e  

multitude o f  uses ' such a s  repairing 
small tools, butt welding tool-bit exten
sions and shanks, and joining band-saw 
blades from 1116 to, l %  inches in width . 

Features of the Do-All Company'� 
welder include a grinder for weld 
dressing, automatic motor-controlled 
feed of material making it easy for in
experienced operators to obtain good 
welds, and a cam-operated lever meth
od of clamping which speeds up the 

All Serious-Minded Production Men 
SHOULD HAVE THIS FREE BOOKLET ! 

FORGING AHEAD IN BUSINESS 
contai� a message of particular im
portance to production men. This is 
your opportunity to obtain a copy of 
this famous book, which has been de
scribed as a "turning point in the 
lives of literally 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 help in your 
present position, while preparing you 
for post-war opportunities. Subjects 
directly .related . to the work you are 
doing now, PLUS other subjects of 
fundamental value to the business 
executive, are discussed in the book and 
placed in significant relation to one 
another. Thus, a helpful, over-all pic
ture is provided. 

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

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

• • and that represents the opinion of 

the Ins.titute'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 post-war schedules. 

Among the prominent industrialists 
who assisted in the preparation of the 
Course, which is described in "FORG
ING AHEAD IN BUSINESS" are : 
Alfred P. Sloan, Jr., Chairman of the 
Board, General Motors Corp. ; Thoma:& 
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 
" F O RG I N G  A H EAD I N  B U S I N ESS" 

TODAY!  
Frankly, this booklet has no appeal for 
the immature mind. It does not interest 
the man who, for one reason or an
other, is wholly satisfied to plug along 
in a mediocre 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
�ended for you, don't hesitate to send 
for a copy today. Simply fill in and 
mail coupon below. 

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

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

Alexander Hamilton Institute 

Dept. 3 5 ,  71 West 23rd Stree.t, New York 10, N. Y. 
In Canada, 54 Wellington St., West, Toronto 1, Ont. 

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

book-"FORGING AHEAD IN BUSINESS." 

Name . . .  

Firm Name 

Business Address 

Position . 

Home Address . 
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You're invited to hours of 
faction with skilled tradesmen, 
buslness and professional men. 
Build your own scale model rail
road-easy. inexpensive - looks 
and performs like the real thing. 
Get started nowlSendforour FREE 
illus t r a te d  b o o k l e t - " M o d e l  
Railroading For You. O J  Send u s  
your name and address TODAY ! 

MODEL RAI LROADER MAGAZI N E  
DEPT. 729-A . MILWA UKEE 3 ,  WISCONSIN 

For Scientific & 
Tech nical Books 

Try our Book Department 1_ SCI ENTI F I C  AM ERICAN 

A RMY A U CTION B A RGA I N S  
Cadet cart, box, bl a'ck . . . . . . . . . . .  $ .30 each 
Antique oil cup . . . . . . . . . . . . . . . . . .25 " 
Krag rear sight, new . . . . . . . . . . . . 1 .00 " 
Shot gun nipples . . . . . . . . . . . . . . . .  .25 " 
Army ia'ck screw, 22" closed . . . . . 1

.
'
4
7

5
5 :: 

Revolver holster, bl ack, ca l .  45 . . .  . 
Mauser '98 book . . . . . . . . . . . . . . . . .45 " 
Angular bayonet, cal .  45 . . . . . . . . .  .90 " 
lead ladle, 6th" bowl . . . . . . . . . . . 1 .80 " 
Fl int pistol barrel, 6" rusty . . . . . . .  .35 " 
Flints, assorted . . . . . . . . . . . . . . . .  .1 2 for $1 .00 
Assorted screwdrivers . . . . . . . . . . .  12 for 1 .00 

Prices do not include, postage. 
Articles shown in special circular for 3c stamp. 
1945 catalog. 308 pages . over 2 .000 illustrations 
of guns, pistols, sabers, helmets. medals. but ... 
tons, etc. mailed in U. S.  for one dollar. 
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FRANCIS BANN'ERMAN SONS 
5 0 1  Broadway, N e w  York 1 2, N .  Y .  

Make Your Own 

TELESCOPE 
E XTENSIVE, practical instructions 

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

AMATE U R  TELESCOPE 

MAK I N G  
(500 pages, 3 1 6  i l lustrations) 

$4.00 postpaid, domestic; foreign $4.35 

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

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

AMATEUR TELESCOPE 

MAK I N G-ADVANCED 
(650 pages, 361 i llustrations) 

$6.00 postpa id, domestic; foreign $6.35 

Ask for detailed information on 
these two practical bn:;:':'s on an im
portant scientific hobby. A postal 
card will do. 

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

welding operation. Welding is fully 
automatic, the complete cycle being 
controlled by a single pushbutton 
switch. 

In addition to welding, annealing, and 
flash dressing, an etching attachment 
provides a means of permanently iden
tifying workmen's tools, templates, at
tachments, j igs, fixtures, dies, and so 
on. 

Designed for standard 220-volt, single 
phase 50/60 cycle operation, the welder, 
either pedestal type or in a metal 
carrying case, can be supplied for other 
voltage requirements. 

R U B BE R  MOLD L IQ U I D  
Reproduces Detailed Parts 
For Plaster Casting 

A WAY of making permanent, flexi
ble rubber molds to form any number 
of plaster reproductions of intricate art 
objects, is now available at a very low 
cost. The complete outfit for this work 
consists of a can of a thin, blue-tinted 
rubber-chemical mixture for the face 
of the mold, several brushes, and an
other can of powdery white particles 
that provide .the durable body of the 
mold, plus a sample model. 

No experience or skill is necessary, 
according to the manufacturer, So-Lo 
Works, Inc., and no heating or special 
tools are needed. In use, the first mate-

F irst step in making mold : spreading 
mixture over object to be reproduced 

rial, called So-Lo Go-Ma Number 1 
forms an elastic film over the selected 
form. Several coats are applied, with 10 
minutes drying between each. Powdered 
So-Lo Go-Ma Number 2 is then dusted 
on to give the mold its required 
strength and stiffness, the number of 
applications determining the eventual . 
thickness of the mold. Dried, the mold 
is removed from the model and is 
ready to make plaster castings. 

I D ENTI FI CAT ION MARKS 
In Metal Parts, Inked 
for Improved Visibility 

SIZE numbers, steel stamped into met
al, are often not readable except upon 
close examination; now a new machine 
designated as Acroprinter No. 6005 has 

been developed to fill these numbers 
with black or other color ink or enamel 
so they can be 

'
read at a glance. The 

ink or enamel is saturated into a special 
grade of felt cut in the form of a ring 
and set in a brass cup-shaped form that 
can be rotated from a central axis to 
maintain a fresh supply of ink. 

A synthetic, metal-molded, rubber die 
is used to apply the filling and an ad-

Letters inked i n  two strokes 

justable fixture for the variety of parts 
to be filled is mounted in the stamping 
position. In operation, the user makes 
a forward movement of the hand op
erating lever to ink the die ; the return 
stroke accomplishes the filling. 

This machine can also be used for 
metal-ink printing of size numbers on 
parts if it is unnecessary to impress the 
mark into the part. Acromark inks are 
available for marking aluminum, brass, 
steel, plastics, and other materials. 

PAI N T  COLOR 
Resists Sunlight Beffer 
With Newly Developed Toner 

FADING of chintzes, wall papers, and 
wall paints should be materially re
duced when the new paint color de
veloped in the research laboratories of 
the Polytechnic Institute of Brooklyn 
comes into use. The sun is one of the 
greatest enemies of brilliance in paint, 
dyes, and bright colored inks used in 
producing many widely used materials, 
but when processed with/ the newly de
veloped color, it is said that the mate
rials will have a better chance of a 
longer "light-fast" life. Equally impor
tant, the new color costs less than rela
tively ineffective compounds now in 
use. 

The cause for the greater resistance 
to fading, which is .not obtained at the 
expense of the brightness and color 
strength, is reported to be the forma
tion of a chromium-Rhodamine B com
pound which, after its formation, forms 
a metallic salt of an organic color con
taining chromium. By boiling this 
metallic salt after its manufacture, it 

Editorial p u rpose of Scientific America n 
is to provide its readers with thought. 
provoking featu re a rticles and shorter 
ite ms on all phases of industria l tech· 
nology. In every case' the material is 
drawn directly from industry itself. 
The Editor will be glad to refer in· 
terested readers to original sou rces 
and, when availa ble, to additional  
literature g iving further details of a 
more specialized n atu re. 
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Smooth, steady p'ower at your fingertips ! 
Turn out professional-looking projects for 
pleasure or profit - ship, plane, train 
models, costume jewelry, wood carvings, 
puppets, initialed tumblers, etc. Works on 
metal, plastic, wood, alloy, glass, leather, 
b one, stone, etc. AC or DC. 25,000 r.p.m. 
Weighs only 1 2  ounces. 
USE THE RIGHT ACCESSORIES - Choose. 
from the complete line - more than 300 made 
right in the Handee plant. 

A GOOD START 
WITH THE 

HANDEE KIT 
Handee and 45 
most popular ac
cessories in com
pact steel carry
ing case. Postpaid, 
$21.50. H a n d e e ,  

GI FT OF A L I FETIME FOR ",:ith 7 accesso-
A FR I END OR YOURSELF rle5, $20.50. •' CHiCAGO' WiiiEErin MFirnco� 

• 1 101 W. Monroe St., Dept. SA, 
Chicago 7, I I I .  

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

MAGIC WELDER MFG. CO. 
. 239 Canal St. Dept. PA-l New York C'lty 

ne�!!t!R! rc. A.SNOW& CO. 
REGISTERED PATENT ATTORNEYS 

W ... TE FOR INFO.MATION TO 
SlBi "!lUIIC. .mllnUR I, I. C. 

15,000 1077 
FORM U LAS PAGES 

H OPKI NS' 

"CYCLOPEDIA 

OF FORMU LAS" 

Thousands of copies of this ac

knowledged leader among books of 
formulas are being used daily. 

$6.00 postpaid ( Domestic) 
$6.50 postpaid ( Foreign ) 

Order from 

SCIENTIFIC AM ERICAN 

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

N. Y. 

was found that while it is usually bright 
and has an intense color, it could be 
made more light-fast. 

The development of this new method 
of making colors on a large scale elimi
nates several expensive processes neces
sary in the previous methods of devel
opment, it was pointed out. This effects 

.a substantial saving in the manufac
facturing costs with a resultant saving 
to the retailer and purchaser of the 
final materials. 

The new colors, promise to be ap
plicable for all purposes where other 
toners have ,been used and some 
more because of the greater resistance 
to fading by sunlight. 

TWO-CYC LE ENG I N E  
Offers Light Weight, 
Vertical Power Drive 

A LIGHT-WEIGHT industrial gasoline 
engine of the single-cylinder, two
cycle, air-cooled type, weighs only 24' 
pounds, yet develops a rated 2: 5 horse
power at 2500 revolutions per minute. 
It possesses the advantages of the two
cycle engine-small size, simplicity, fast 
acceleration, and low maintenance-
and, in addition, features easy starting 
and smooth idling. 

These operating advantages, which 
are unusual for a two-cycle engine, 
are said to be due to a "reverse-flow" 
scavenging system. This design per
mits the use of flat-top, non-deflection 
pistons and directional control of the 
incoming fuel charge is achieved 
through the use of guide vanes in the 
intake ports, rather than through pis
ton-top deflectors. Hence, detonation 
resulting from hot spots on piston tops 
is greatly reduced. 

The angled intake ports, it is claimed, 
accurately control and focus the in
take fuel flow. This results in im
proved scavenging, better fuel effi
ciency, better cylinder-wall lubrica-. 
tion, and consistently cleaner spark 
plugs. 

The light weight of the Model 1200D 
engine, is partly due to the two-cycle 
design and partly to the extensive use 
of die castings. The entire engine, with 
the exception of the forged-steel crank
shaft and rod, and the hardened-steel 
cylinder insert, is built of high-pressure 
aluminum-alloy die castings. 

The engine, made by McCulloch Mo
tors Corporation, is a vertical-crank-
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!Or lOoiroolll 
RecifiO/J 

To p ro d uce h i g h  q u a l ity tool  roo m  wo rk, 

e q u i p m en t  used m u s t  h a ve u nquestion
a bl e  p recis ion.  Th a t  is  why South B e n d  
lathes a re so popu l a r  i n  t h e  tool roo m s  

of eve ry type of i n d u stry. T h e i r  u nva ry
i n g  a c c u racy is essentia l for t h i s  exa ct

i n g  wo rk. Tool m akers l i ke t h e m .  

A n d  S o u t h  B e n d  Lathes a re j u s t  a s  p o p 
u l a r  fo r e x a ct ing p rodu ction o perat ions.  
Their  tool  room p recis i o n  ofte n perm its 

m a c h i n i n g  with such a c c u ra cy that s u b 
seq u e n t  f i n i s h i n g  o p e ratio n s  may be 

e l i m i n ated, t h e re b y  i n c rea s i n g  p rod uc
t ion a n d  red u c i n g  costs. 

Write fo r Cata log l O O - F  a n d  n a m e  of 

nea rest South B e n d  Lathe d i stri b u tor. 

S O U T H  B E N D  L A T H E  W O R K S  
458 E. Madison St., South Bend 22, Indiana 

Lathe Bui'ders Since 1906 
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CHAN ITE SELF-WELDING FLUX 
REPAIRS all E LECTRIC HEATIN G  ELEMENTS So simple anyone can make repairs in your 
broken or burnt-out electrical appliances -
irons, toasters, stoves & etc. GuaranJeed 
nothing like it. From our mines to your 
appliances. $ 1 .00 per package. $7.50 per 
doz. Stick form 25¢.  $2.00 per doz. 

CHAN ITE SALES COMPANY 914 South Main Fort Worth 4, Texas 

Do you use just your thinking mind? If you 
? do, you are missing 90 per cent of your ? 

possibilities. Those occasional ' hunches are ? the urges of a vast sleeping force in your ? 
? inner mind. Learn to develop and direct it. ? 

Push obstacles aside and -master life with an 
? energy you have overlooked. Send for FREE ? SEALED BOOK. It tells how to obtain 
? these teachings. AddreSs: Scribe B.H.K. ? 

? Cll'z.e R O S I C R U C I A N S ? 
? SAN JOSE {AMORC} CALIFORNIA ? 

llllJm$,g;·ii. d S 
u.. �] ce RecO� eJ;-
Con eren ECONOMICA� 

. 
UNINTERRUPTED' PERMANENT �lI9*i"" I up .10 1 2'hours) Confe.enee INSTANTANEOU$' 

• T.r.phoMReco.din9' onS.fety Film PUY.IACK " Model. for Dict.tion "TALKIES" 
MILlS IlEP.ODUCER CO.'NC. 812 BROADWAY,H.Y" SA.l1 

When you write to advertisers 
• The Editor will appreciate it if 

you will mention that you saw it 
in 

SCIENTIFIC AMERICAN 

Easy to Plate CHROMIUM 
GOLD, SILVER, NICKEL, COPPER 

• • •  For Pleasure and Profit! 
�� r�ub�ri:S:����s��Ed:;lSh��: Warner Electroplatcr. At tho stroke 
of an electrified brUSh. you can 
;��t���I���l��d�gr�ntrtf�l�js�C��� ccts. tools, fixtures, silverware, etc. with a durable. sparkling coat ot metal • • •  Gold. SUver. Chromium. Nickel. Copper or Cadmium. Method Is easy. simple. quick. Everything 
���3isR,�d.;;.,�'k������ ��f:,¥���t 
�"Jel��t"j�o�r :,���j�� ��J!ea�t� shop complete by getting a Warner Electroplater right away. Send today tor FREE SAMPLE and illustrated literature. ACT AT ONCE I 
WARNER ELECTRIC co .. DEPT. L-SS 

1512 .Jarvis Avenue. Chlcaso 26. 10. 

.AlMER ElECTIIC CO., ISI2 �.I'YI. Ave .. Chlca ... 26, Do,.t.I,-3ll : : Gentlemen: Send Free Sample and Details to: I 
I Name I : Address : I Citv Zone-State I . _ - - - - - - - - - - - - - - - - - - - - - - - - -
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shaft type, and was designed for such 
applications as vertical pumps, rotary
type lawn movers, various types of 
farm equipment, and other devices and 
implements requiring a vertical power 
drive. 

' 

All bearings are the anti-friction 
type. The engine is air cooled and has 
a flywheel magneto and a rope starter; 
Bore and stroke are two by two 
inches ; displacement is 6.28 cubic 
inches, and over-all dimensions, in
cluding gas tank and spark plug, are 
14.6 inches high, 17.8 inches long, and 
14.2 inches wide. 

E LECT RODE TONGS 
Thoroughly Insulated and 
Protected from Heat 

A NEW line of manual, ar,c-welding 
electrode holders feature durable, 
molded-laminate, glass cloth Bakelite 
insulation keyed to the holder casting. 
The tensioni�g spring seats on fiber 
upset washers and is protected from 

Tension spring · shielded from spatter 

spatter by non-binding Neoprene tub
ing. A well ventilated fiber handle, to
gether with a secure cable connection, 
are claimed to assure a cool-running 
holder. All parts are replaceable . 

Known as Twecotong, the line in
cludes full·insulated and semi-insu
lated models rated at 300 amperes, for 
1f4 inch electrode capacity; and 500 am
peres, for 3/8 inch electrode capacity. 

DEHYDRATOR U N IT 
Controls Temperature and 
Moisture in Processing Operations 

OPERATING on the principle of a heat 
transfer unit for the heating of both 
air and gases, as well as for the super
heating of steam, a recently developed 
device handles temperatures up to 
1000 deg'rees, Fahrenheit, maintaining 
control of exit temperatures within 
plus or minus 1 degree, Fahrenheit. 

Called the Goodyer Aridizer, the unit 
will be of particular interest in food 
processing and lor use in rubber, 
chemical, petroleum, and printing in
dustries. The heating of compressed 
air for dehydrating is made possible 
by a bilateral fin design. 

The effect of dehydrating by com
pressed air, whereby moisture from 
the product being processed is removed 
by absorption with expansion and ,con
tinuous air movement, permits full· 
control to any degree of moisture con
tent of the product being processed. 
By this method, it is . explained that 
the temperature of the compressed air 
for a dehydrating process can be con
siderably lower than if the dehydrat
ing were done by a conventional space
heater type dryer. 

These lower temperatures, .  in com
bination with the continued air move
ment around all particles of the mate-

'fOur 
EIGHBORHOOD · 

Yes, it is safe to s�y that perhaps 8 out of 1 0  
families- i n  your neighborhood read at least 
two or three popu lar magazines. 

This magazine p lans to estab lish in 
every community a service for handling N EW 

ONE YEAR subscriptions for SC IENT IF IC 
AMERICAN. This service, operated independ. 
ently by a reliable resident, wil l  include a lso 

the h andling of new and renewal subscrip. 
tions for all other p u blications. It wi l l  be 
welcomed by magazine readers as a depend. 
able loca l sou rce through which they ' may 

obtain their magazines. 

Perhaps you can qualify for one of these 
appointments. A neighborhood magazine 
subscription service need not interfere wi,th 
any full·time work you a re engaged in, 
although many have developed into profit. 
able ful l·time enterprises. 

You can obtain ful l  particulars without 

cast or obligation by writing to 

INDEPENDENT AGENCY [).IVISION 
Room 120 1, 250 Park Avenue 

New York 17, N. Y. 

TH E H EN RY SYSTEM 

Of Finger Print 

Classification 

and 
Identification 

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

"TH E FINGER PRINT 
INSTRUCTOR" 

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

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

Order from SCIENTIFIC AMERICAN 

24 West 40th Street, New YDrk 1 8, N. Y. 
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rial being processed, produce a finished 
product not discolored from burning 
and, in food processing, permit the re
tention of essential food elements. 

The Aridizer unit is small and com
pact with accessibility to all vital parts. 
Heating may be effected by electric 
calrods or oil or gas burning equip
ment. The Aridizer, according to the 
manufacturer, Goodyer Industries, Inc., 
can be adapted to existing drying or 
dehydrating systems, or complete de
hydrating or drying systems can be 
engineered to meet any requirements 
by utilizing it. 

WATER SOFTE N E R  
Reduces Chemicals Used, 
Desludges Automatically 

I MPROVED boiler-feed water and sub
stantial savings in chemicals required 
for water softening are the two chief 
features of a new type of hot-process 
water softener described as incorporat
ing a sludge-blanket design. This new 
equipment, developed by The Permutit 
Company and built in four models for 
use with various types of steam gen
erators, also reduces the turbidity of 
softened water, lessens the load on 
filters, reduces the amount of back
washing, and lowers the amount of 
silica left in the water. 

In the tank, suspended sludge forms 
a bed which acts as a filter screen for 
fine particles. This bed, coupled with 
the slow rate of upward flow through
out the full cross section of the settling 
tank, is said to give an effluent lower 
in turbidity than that obtained in older 
types of softeners. The low turbidity 
in the settled water places a relatively 
light load on filters and this in turn 
produces a corresponding reduction in 
frequency of backwashing. 

In addition, the sludge blanket re
duces the amount of lime required to 
soften water, since unconsumed lime 
is retained in the blanket until it reacts 
with water hardness. In- conventional 
types of hot-process softeners, the un
consumed lime is often wastefully re
moved during blow-offs with the sludge 
that has settled on the bottom of the 
tank. 

Another unusual feature of this ap-

S-��t!{('f./([��!J!_ 
( 0 l L A C K  L I G H T  I N  I N D U S T R Y  

ALSO- INFORMATION ON ) 0 f L U 0 R E S C �N T M I N  E R A  L S 
\ D B L  A C  K L I G H T  A S  A H O I  B Y 

, enclose money 
ch

:::er or 0 NAME __________________________ _ 

Ship immediately 
ADDRESS ___ --. ____________________ _ 

C.O.D. 0 C'TY ___ -'--__ _ STATE ______ _ 

B L A C K L I G H T  P R O D U C T S  
6 7  E a s t  L a k e  S t r e e t  C h i c a g o  1 ,  I I I .  

THE BINARY SLIDE RULE 

equals a 20 Inch 
Straight Slide Rule in 
precision, Has C, OI, 
A, K, Log , LLl, LL2, 
LL3, LL4, Binary" Add and Subtract Scales. 
Gives Trig, Punctions 
from 0 to 90 degrees 

- and reads to 1 Minute. 
The Engine .. divided 
Scales are on whi te 
enameled metal. Per
manently accurate. Dia. 
8��".  Large figures · and 
graduations eliminate 

eyestrain. Exceptional value and utility. Price 
with Gase and Instructions. $7.25. C'irculars free: 
Your money back if you are- not entirely satisfied. 

Gi lson Slide Rule Co., Stuart, Fla. 
Slide Rule Makers since 1915. _WAKEN YOUR HIOOEN POWERSI You are a sleeping gIant • •  .. learn bow to Now ready-

o ogtsts. elsonCo. 1 Chicaao 6. 

I N V E N T O R S 
PATENT LAWS ENCOURAGE the develop
ment of inventions. The Rules of Practice 
of the U; S. Patent Oftlce advises-unless an 
inventor is famIliar with such matters-that 
he employ a competent registered attorney. 
as the value of patents depends largely upon 
the skillful preparation of the specifications 
and clai-ms. Write for further particulars 
as to patent protection and procedure and 

"Invention Record" form at once. No 

obligation. 

McM orrow, Berman & Davidson 
Registered Patent Attorneys 

1 75-5 Victor Bui lding, Washington I ,  D. C. 

With DI-ACR O 
B E N D E R S  . . . .  
The Dr·ACRO Bender makes perfectly 
centered eyes from rod or strip stock at 

high hourly production rates. 
Both eye and centering bend 
are formed with one opera· 
tion. Any size eye may be 
formed within capacity of 
bender and ductile limits of 
material. 

DI-AGRO Precision Bending is 
accurate to .001" for duplicated 
parts. DI-ACRO Benders bend 
angle. channel. rod, tubing, wire, 
moulding, strip , stock. etc. 
Machines are easily adjustable 
for simple, compo1}nd and re
verse bends of varying radii . 

D I A M O N D S  • • • • 
Econom ical Tools of Industry 

Many production processes c a n  use 
diamonds with profit - but only when 
they are properly ut i l ized to obtain 
maximum results. N ow you can obto in, 
in one  yolume, complete and concise 
information on industr ia l  d iamonds and 
their  uses  i n  hardness testing, wheel 
dressing, c utting metallic and non
metal l ic materia ls, machin i n g  g lass, 
rock dr i l l ing,  and wire drawing.  Al l  of 
th is, and more, in 

DIAMON D TOOLS 
By Paul G rodzinski 

Technical consultant, IndustrIal Diamond 
Review. London 

$4.60 postpaid 

Order from 
SCI E N T I F I C  A M E R I CA N  

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

• •  � 
M I C ROSCO P I STS- E X P ER I M E NT E RS 

CH E M ISTS - M I N E R ALOGISTS 
LIGHT PATTERNS identify compounds. 

New inexpensive microscope attachment gets 

interference figures. Outfit includes two acc.e .. 
sory plates. Substage condenser not required. 
Will not function on toy type microscopes. 

Write for description. 

L. M .  COO P E R  I N ST R U M E N TS 
Box No_ 228 - Rahway, N. J. 

�. ,-' ,,' 

CENTERED 

cB� 
Send for Catalog 
" DIE -LESS" DUPLI
CATING showing many 
kInds of "die-less" 
duplicating produced 
with DI-ACRO Bend
ers, Brakes �nd Shears. 

347 E I GHTH AVENUE 

LAKE C I TY, M I N N E SOTA 
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The Editors Recommend 
PROCEDURPS IN EXPERIMENTAL PHYSICS -
By John. S.roae. Ph.D. A wealth of useful data of 
a practical k.ind for the constructor, experimenter. 
and .killed craftsman. 87.;10 

HIGH FREQUENCY INDUCTION HEATING -:
By Frank W. Curti.. Answers many questions con
cerning induction heating and its utility in industrial 
processes. Thoroughly practical in scope. 83.10 

TOOL MAKING - By C. M. Cole. Instruction. 
for making and using all kinds, frum personal tools 
to arbor presses, lathes, planers, etc., in differen t 
metals. $3.60 

POmRY PRODUCTION PROCESSES - Edl.ed 
By 1. I. Svee. For amateur and professional alike-, 
this compaot volume gives specific instructions. Par
ticular attention is  called to troubles most likely to 
develop. 

. 
82.10 

YOUR HAIR AND ITS CARE - By O.ear L. 
l.evin, M.D .. and Howard T. Behrman, M.D. 
Scientific facts about hair-how to save and beautify 
it, treat infections� and so a D .  Real facts-not a 
"cure-fOl'·baldneasH screed. ,2.10 

EXPERIMENTAL SPECTROSCOPY - By Ralph 
.4. Sawyer__ Covers theory and types of spectroscopes 
and spectographs, mounting and use of crating •• 
determination of wavelengths, infra·red spectroscopy. 
spectrochemical analysis, and so on. Somewhat 
elementary but requires knowledge of physics ' and 
some physical optics. '5.10 

PLASTICS -- By J. H. DuBoi.. Third edition. 
again revised and enlarged, with two fou r · c olor 
plates. This is an important book on the whole 
general suh,ject of plastics. plus much brand new 
material 08 synthetic rubber, manufacturing processes, 
and plastics m.oldings. '4.10 

REVISED LAPIDARY HANDBOOK - By 1. 
Harry Howard. Practical instructions in gemstone 
cutting and polishing. for both beginner and the,  
advanced hobbyist. 'S.10 

EXPERIMENTAL ELECTRONICS - By Ralph 
H. MuUer, R. L. Garmon, an4 M. E. Droz. 
A solid bOQk of eminently practical information on 
the characteristics and non·communication applica' 
tions of electron tubes. The text d escribes experi 
ments and presents results. For students, radio 
engineers, oommunications experts, and the serious 
general reader. $5.10 

THE MEANING OF RELATIVITY - By Alber. 
Ein5leilt. Second edition with added cb,apter de· 
scribing adv8ftCes "illCe publication of fi rst edition 
!tome 2S yeaJ'8 ago.. Requires knowledge of advaDced 
mathematics and physics ; not a p�pular exposition . 

$2.10 

TECHNIQUES OF GLASS MANIPULATION IN 
SCIENTIFIC RESEARCH - By lullus D. Held. 
m.an, Ph.D. Text covers properties of glass, glass. 
working eq\lipment. basic operations? seals .  (includ
ing metal - to-glass) � and exercises aimed a t  per· 
fecting technique. ,3.70 

A PRACTICAL COURSE IN HOROLOGY - By 
Harold C .. KeUy. Definite, outright, practical in. 
structions o n  watch making, repairs. and adjustment. 

82.85 

SLIDE RULH SIMPLIFIED .,.... By C. O. Harris. 
How to use a slide rule, without any of the mystifica
tion that often surrounds this important tool of the 
engineer. Excellent illustrations make everything 
clear. 83..68 including a slide rul e ;  for book alone, 

82.60 

B e s t  S e l l e r s  

I n  S c i e n c e  

NEW CAREERS IN INDUSTRY - By Ami .. and 
Sherman. An assay of mechanical indu s try that 
uncovers JDany possibilities for youth today. all 
worth investigating. $2.60 

MACHINERY'S HANDBOOK
' 

- 1 8.h Edition. 
" B ible of the mechanical industry : '  1911 pages 
of latest standards, data, and inf,ormatjon required 
daily in shop and drafting room. $6.10 

THE EINSTEIN THEORY OF RELATIVITY -
By L. R. and H. G. Lieber. An intermediate book 
from whioh engineers and the like can get close 
to an understanding of relativity. Partly in lan
guage but largely in mathmatics of college grad.c. 
mainly calculus. $S.10 

ATOMIC ARTILLERY AND TIlE ATOMIC 
BOMB - By John KeUoclc Robertson. Standard 
best seller for yearS9 describing electrons, protons, 
positrons, photons, cosmic rays and 

.
the manufac 

ture of artiftcial radioactivity-now With a chapter 
added on the bomb and the difficulties of its pro
duction. 

� 
82.60 

FINISHING METAL PRODUCTS - By Simond. 
and Bregman. Stress is . directed toward commer
cial aspects of product fiQ.ishing from the stand
point of sales, '  costs, and product function. SpecifiC 
guidance for those faced with se�ecting finishing 
methods9 materials. and equipment. $4.10 

PRINCIPLES OF PHYSICS, VOL. III - OPTICS 
- By Francis We.ton Sear.. One of the moat 
modern works on physical optics available todtty. 
At college level, it covers the subject with emphasis 
on physical principles rather �han practical 

.
a
S
p

.
P
l
l
o
i .  

cations. <lIP 
l\IEN, MIRRORS, AND STARS - By G. Edward 
Pendroy. Third edition9 with much new material, 
including a chapter on t�e Schmidt camera. Treats 
telescope evolution, famous American telescope 
makers. telescope uses and accessories, and so .;�io 
TESTING PRECIOUS METALS - By C. M. Holce. 
This guide for those who . buy and sell precious 
metals describes testing methods and gives important 
facts that such people should know. , ,2.10 

FUNDAMENTALS OF OPTICAL ENGINEERING 
- By Donald H. laeob.. This new work starts 
out at the very beginning, is mainly non- mathe
matical, and is probably the best suited of all 
existing books as an introduction to optical design . 
Author is a physicist at Bureau of Standards. $5.60 

WITH THE WATCHMAKER AT THE BENCH -
By Donald DeCarie. Simple, practical, straight
forward , instructions on the repair of timepieces, 
with direct implications to the manufacture and 
repair of delicate instruments of all kinde. 13;10 

THE PROLONGATION OF LIFE - By Dr. 
Ale%tmder A. Bogomolet.. C ompetent e,·aluation 
of present knowledge of the mysteries of human 
aging, including full discussion of ACS-anti-retic · 
u lar cytotoxic serum. $1.60 

FEATURES OF TIlE MOON· - By I. E. Spurr. 
New volume that includes all of the former " Th e  
Imbrium Plain Region of t h e  Moon," p l u s  a n  ex� 
tended study of. the whole Moon. 453 large pages, 
14 Mt. Wilson photographs, 95 drawings. $5.10 

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

(All prices subject to change without notice. ) 

- - - - - - � - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - .  

For Sale by : January, 1947 

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

I enclose $ .  . . . . . . .  for which please forward at once the following books : 

Name 

Address . • . • . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . 

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

paratus is the automatically operated 
desludging valve which controls the 
depth of the sludge bed. The desludging 
valve is actuated . by an electronic tur
bidity detector which continuously 
measures a water sample passing 
tirrough the bed and be�een a light 
source and photo-electric tube. If the 
continuous sample of water has enough 
suspended matter to operate the sludge 
control unit, a solenoid valve is ener
gized which, in turn, opens the de
sludgin.g valve until the turbidity has 
been reduced to the desired value. In
tervals be�een blowing off usually 
V<J:fY from one to eight hours dependent 
on the flow of soft water required. 

ELECT R I CAL OUTLETS 
Less Hazardous When 
Capping Device Is Used 

F OR protection against the ever-mul
tiplying number of electrical outlets 
on walls, floors, baseboards, work 
benches, and similar spots, a light, 
plastics safety cap has been. developed. 

The Amerline Safety Cap, of one
piece construction, fits snugly. the 

Excludes d i rt, l int, moistu re, f ingers 

standard 110 or 220 volt openings, yet 
is easily removable. Being transparent, 
it does not disturb color schemes and 
it can be used to ilistinguish be�een 
110 and 220 volt openings. 

Suggested for plants, mills, work
shops, display rooms, schools, institu
tions, offices, and homes, the safety-cap 
is claimed to exclude lint, dust, grit, 
moisture, and so on which might affect 
current ' flow. It can be Wiped clean 
with a cloth. 

Children Can safely play around out
lets so closed because they cannot in
sert pins or wires into the openings. 

GLU ED LOADS 
Prevent Breakage of 
Goods in Transport 

ESPECIALLY designed to keep ship
ments from sliding about in railroad 
cars, trucks, and steamships, thus cut
ting transit losses, a new adhesive is 
automatically applied in �o parallel 
strips to the bottom surface of each 
shipping container, which is then lifted 
off the loading and glueing conveyor 
and glued into the unitized load. 
Called Load-Lok, the adhesive has a 
high sheer strength which prevents 
sidewise or lengthwise Shifting of the 
stowed units, yet a single sharp up
ward blow of the hands against its low 
tensile strength releases each container 
for easy unloading. 

In applying the adhesive, the glue 
cost is insignificant, and the only equip
ment required is an inexpensive glue 
pan installation on the loading con
veyor, according to National Adhesives. 
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C U R R E N T  B U L L E T I N  
B R I E F S  

Conducted by K. M. CANAVAN 

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

THE SERVICING OF TELEVISION RECEIVERS 
is a 140-page lavishly illustrated, 

paper bound book designed to give a 
clear and easily understandable ex
planation of the. operation of television 
receiver circuits. It is not designed to 
replace existing handbooks nor is any 
space devoted to studio problems or 
historical material. Complete emphasis 
is on receiver and antenna installations 
and the servicing of television equip
ment in the shop and home. Just 
enough theory is -given to make prac
tice more perfect. Philco Corporation, 
Philadelphia, Penn.sylvania.-$2.25. 

TOUGH FLOOR PROBLEMS is a folder based 
on the methods of repair and con

struction of floors that are subject to 
acids, greases, oils, and abrasion. Also 
included is information on the patch
ing of spalled concrete, pointing and 
resetting of brick or masonry, and the 
repair and construction of foundation 
and retaining walls. · Stone hard Com
pany, 4{)3 North Broad Street; Phila
delphia 8, Penn.sylvania.-Gratis. 

Hy-MAC HYIl'RAULIC POWER UNITS. De-
scribing units that may be adapted 

to produce any motion desired for new 
machines or for changeover to hy
draulics, this ten-page brochure also 
covers units· that are adaptable for 
grinding, milling, boring, drilling, press
ing, piercing, and riveting. Hydraulic 
Machinery, Inc., 12825 Ford Road, Dear
born, Michigan.-Request this brochure 
on your business letterhead. 

PROTECTIVE STRIP COATINGS OF EASTMAN 
CELLULOSE ACETATE BUTYRATE. This 

four-page folder presents in compact 
detail the preparation and application 
of continuous, tough coatings to be ' 
used for the protection of metal parts 
of various kinds against corrosion and 
abrasion in transit or storage. Prices of 
cellulose acetate butyrate, and sources 
of equipment and ingredients are listed. 
Tennessee Eastman Corporation, Kings
port, Tennessee.-Gratis. 

PROCUNIER QUICK CHANGE CHUCKS AND 
COLLETS, listed in a two-color bro

chure, make it possible to complete a 
series of operations without removing 
the work from alinement. The way by 
which tools can be interchanged with
out slowing the machine is described. 
Procunier Safety Chuck Company, 18 
South Clinton Street, Chicago 6, Illinois. 
-Gratis. 

DECKER)S AmpORT GUIDES. For those who 
fly in private planes, be they owners, 

pilots, or mere passengers, these five 
pocket-sized guides will be attractive 
and valuable. They are divided into five 
zones, North Atlantic, South Atlantic, 

North Central, SOuth Central, and 
Pacific. The guide will give you, for 
every airport you are likely to visit, all 
the information you need-exact loca
tion, direction of runways, latitude and 
longitude, facilities such as repair facili
ties, meals, cabins, and '50 on. Decker 
Ail' Service, Fairfield, Connecticut
$1 .25. 

DoALL EQUALS TEN PLUS. In 22 pages 
this booklet gives a pictorial time 

study of metal fabricating short cuts. 
Containing many time-saving ideas, it 
is designed for shopcoat pocket Dr tool 
chest, and is available to shop super
intendents, foremen, tool and die mak
ers, machinists, and students. The Do 
ALL Company, 1301 Washington Ave
nue South, Minneapolis 4, Minnesota. 
-Gratis. 

METRo STANDARD CARBIDE TIPPED MA-
SONRY DRILLS is a four-tlage bulletin 

containing descriptions, specifications, 
and prices on new type drills that are 
reported to last up to 50 times longer 
than ordinary steel drills and to speed 
up drilling work by 75 percent. Metro 
Tool and Gage . Company, 4240 West 
Peterson Av enue, Chicago 30, Illinois. 
-Gratis. 

INTEGRAL DUST COLLECTOR. Available in 
ratings of from 300 CFM to 2100 

CFM, the "packaged" collector, de
scribed and illustrated in this bulletin, 
is complete with motor and fan. Re
quest bulletin No. 310. Th�mix Engi
neering Company, Greenwich, Con
necticut.-Gratis. 

F ANSTEEL SELENIUM RECTIFIERS is a 
four-page bulletin describing two 

types of rectifieTs for emergency bat
tery charging and general application. 
Portable, and with a high charging 
rate, they are well suited to signal de
partment needs around the shop and 
in the field, as well as for genenll in
dustrial use. Fansteel Metallurgical 
Corpora�ion, North Chicago, Illinois.
Gratis. 

BOB-CAT-ELECTRIC CABLE HOISTS is an 
eight-page bulletin which gives de

scriptions, cross-sectional views, and 
the outstanding features of these hoists. 
Lisbon Hoist and Crane Company, Lis
bon, Ohio.-Request this bulletin on 
your business letterhead. 

ENTHONE EMULSION CLEANER EC-75 is a 
four-page bulletin outlining the ad

vantages and method of using , this 
emulsifiable cleaner, which is claimed 
to be safe for l,lse in plating rooms as a 
precleaner on all types of metals. En
thone, Inc., 442 Elm Street, New Haven 
2, Connecticut.-Gratis. 

K-FIN Am-COOLED SECTIONS ApPLIED TO 
THE FIN-FAN ExCHANGER. The first 

section of this eight-page booklet de
scribes the Fin-Fan exchanger for 
condensing and cooling fluids without 
the use of water. The second part deals 
with the design and construction of the 
K-Fin air-cooled section. Request Bul
letin 1230. The Griscom-Russell Com
pany, 285 Madison Avenue, New York 
1 7, New York.-Gratis. 
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I OBSERVOSCOPE ::::ER 
So",ethinG new unde, the Stars, 
The instrumertt thot poin" 
directly to the star. Require, 
no colclllotbns-. It. valuable aid 
to Beginners, St�de"ts, Ama
teur Astronomers, Scouts, 5uf-. 
veyors, T eochers. Constructed 
of plastics ; 7 in. high. 

Price $1000 
f.O.II. PhiladelphIa, 'a. 

w. H .  REDDIN G 
DEPT. e l l . 5105 NEWHALL ST • •  PHILA. 44, PA, 

For Scientific and Technical Books 

Try our Book Department 

SCmNTIFIC AMERICAN 

RAMSD E N  E Y E P I EC E S  
V.'.V2 H.1"  E:F.L . •  t";'dard dia. 1 V." O.D. 

each $5.10 - immediate delivery 
EQUATORIAL MOUNTINGS 

Combinati.on Eyepiece and 
Prism Holder 

Mirror cel ls with ring for tube 

Prisms highest quality 
Prices and catalog on request 

C. C. YOU N G  
15 Richard Road ECI5t Hartford 8, Conn. 

Why wait for inferior materials 
when fine, strong, attractive, fire 
Droof walls can be made of the 
earth about you. Whethe r  you want 
a simple cottage or a pretentious 
house you will find many stimUlat
Ing Ideas in George W. Pearce' s  book, 
"A Six Room House, $2800. 00 Com 
plete. Ready for You to Move In" . 

Mr. Pearce, a mechanical engineer, 
describes the advantages of rammed 
earth contruction - its strength, 
durability and excellent insulating 
properties-its suitability for all sec
tions of the United States. 

The con struction of Mr. Pearce's 
example house is described step by 
ste p - .footings. earth ramming. in 
stallation of plumbing, heating and 
wiring systems. 

Included with the book are ten 
folded 12" x 18" drawings showing 
these steps in detail - all made so 
clear that you can build this house 
yourself at tpe $2800.00 figure or you 
will find it still amazingly economi
cal If you hire skilled laborers. Even 
the author will assist you I Send him 
your questions. 
138 6" x 9" pages. Illustrated. Ten 

Large, Folded Drawings 
Send $2 .00 to Technical Press . Box 

AI. Swampscott, Mass. and your 
copy of 

A S I X  ROOM H O U S E ,  $2800.00 
CO M P L ET E  R EA DY FOR Y O U  

TO MOVE I N  
by George W. Pearce, 

will be rushed to you postpaid 
Absolute money-back guarantee 
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500,000 ! ! ! ! 

L E N S E S 
U. S. ARMY and NAVY SURPLUS 

Buv them for a fraction 
of their original cost. 

I WAR BARGAIN ! ! !  I 9 PF..RFECT COATED LENSES ( Va l u e  
$. ] 4 0 )  C o m p l e t e  s e t  frOIn 5X tank 
artill ery s('op e ,  dia's.  f r o m  1 - 1 / 3 "  I I 
to 2 � 1/5" .  Our S p e c i a l  O ff e r  i n 
d udes l'oa t e d  p r o t e c t i v e  w i n d o w  
and :retjc� lC' .  C o m p l e t e  set . . . . . . . . $10.00 

I 
COMPLETE SET OF �IETAL I l"ARTS :f u l l y  mac h i n ed, p e r�e c t  $7.50 

I 

5 POWER TANK ART i ll ERY TELESCOPE (M7I) Brand New. Coated Optics, Com · 
p l etely assembled. V a l ue $345.00 . . . .  ea.  $29.50 

WIDE ANGLE EYEP I ECE - All coated optics, 
mounted in  focu ssi n g  ce l l ,  21 1  c l ea r  aper
tureB 1 1/2" F. l. 3 . Achro. l enses . V a l u e  $ 1 25.00 P erfed . . . . . . . . . . . . . . . . . . .  ea . 9.50 

5 LBS. OPTICAL G LASS Lens & Prism blanks.  
I ndex a n d  Dispersion " m a rked" . . . . . . .  4.75 

ACHROMATIC OBJ ECTIVE Perfect Coated 
and cemented 44m/m D i a . 7112" F . l .  

Mounted . . . .  $3.50 e a .  U n m o u nted . . . .  $2 .50 ea . 

ACHROMATIC LENSES,  cemented 
12 mm Dio. 80 mm F . L .  ea. $ .50 
14 mm D io. 60 m m  F . L .  coated ea . 1 .25 
1 8 mm Di". l 02 m m F . L .  ea. 1 .25 
23 mm Dio. 1 62 mm F.L.  coated ea.  1 .00 
23 mm Dio. 1 84  mm F . L .  ea . 1 .25 
25 mm 010. 1 26 mm F.L.  coated ea . 1 .35 
26 mm Dio. 104 mm F. L coated ea. 1 .25 29 mm Dia. 54 mm F . L .  ea . 1 .25 
3 1  mm Dia. 1 24 m m  F . L .  co,ated ea .  1 .50 31 mm Dia. 1 72 mm F . L. coated ea .  1 .25 
32 mm Die. 1 32 mm F. L .  ea.  1 .50 34 mm Dio. 65 mm F.L. coated ea .  1 .50 
38 mm 010. 1 30 m m  F . L .  ea . 1 . 50 

DOV E  PRISM 75mm long . . . . . . . . . . . . . .  ea. $ 1 .00 
PENTA 'PRI SM 26mm x 28mm Face . . . . .  ea . 3.00 
90 °  AMICI PRISM 1 9m m  Face . . . . . . . . .  ea.  2.00 
R I G HT ANGLE PRISM 23m m  Face . . . . . .  ea.  1 .25 
RIGHT ANG L E  PRI SM 38mm Face . . . . . .  ea.  1 .75 
R I GH1T ANGLE PRI5M 47mm Face . . . . . .  ea . 2 .50 Send 3 cent sta m p  for "BA RGA ) Nil List.  

A. JA EG ERS 
BOX 84A SO. OZON E  PARK 20, N .  Y. 

EQUATORIAL MOUNTING 
Complete with slow 
motion worm and gear. 
Heavy cast iron base,  
1 % "  polar axis - $40 
up.  Descriptive liter
ature on request. 
PYREX 
M I RROR KITS 
Complete with glass 
tool , 5 abrasives, rouge, 
pitch. and aluminized 
diagonal. 4" - $4.00 
6" - $5.25 8" - $7.75 
10" - $13.00 12" -
$23.00. 
Send for catalog list-
ing Reflector Kits , 
Eye - Pieces, Lenses. 
Lens Blanks , etc. 

DAVID W I LLIAM WOLF 
334 Montgomery Street Brooklyn 25, N .  Y. 

INVENTORS 
Learn, bow to protect your invention. The 

patent laW1!J were enacted for the benefit of 
the inventor to give him protection for the 
features of his invention which are patentable. 

The United States Patent Office advises the 
inventor to engage a competent, registered patent 
attorney to represent him. We offer the inventor 
experience<iS' conscientious counsel and prompt, 
confidential senri� 

A epe"clally prepared booklet containing de
tailed information on patent protection and pro
cedure with ·�Record of Invention" form will be 
forwanled upon request -witljout obligation. 

CLARENCE A. O'BRIEN 
& HARVEY B. JACOBSON 

Registered Patent Attorneys 
75-A District National Building 

Washington 5,  D. C. 
Please send me booklet containing information "' � 
garding patent protection and procedure with "Record 
of Invention"" form. This request does not obligate me. 

Name ... . .. __ ........... _ _  .... _ _  ............................................... . 

Add;""" _ _  ...... � .......................................................... . 

City. _ .. .. . . . . .... _ ............. ........ . .  State .. .. .. .  _ .... ............... . 
• . . . . • . . . . . . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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O u r  Boo k C o r n e r  
THE BOOK DEPA RTMENT of Scientific Ame rican is conducted, with the ca· 
operation of the Editors, to make avai lable  for you a comprehensive boOk 
service. Each month the Ed itors select a n d  review in these colu mns new books 

in  a wide range of scientific and tech n ical fields. In addition, they are ready 
at all times to advise you regarding the best avai lable  books on any subject. 
You a re invited to use this service freely. Tel l  o u r  Book Department what 

k ind ·of books you want, and you wi l l  be furnished with the names of available 
books, including prices. When inqu iring about books, p lease be specific; 
remember that we can be of the greatest help only when you tell u s  just what 
you a re laaking for. Books listed in these colu';'ns may be ordered from o u r  
Book Depa rtment. Add 25 cents p e r  book f o r  mail ing o utside U .  S .  All reo 
mittances are to be made in U. S. funds. P rices g iven are su bject to change 
without notice. 

TO MAK E  C ERTA I N  that books ordered by or for men in  the A rmy, located in 

the United 'States, or  men in the N avy, Marines, or  Coast Guard, located any· 
where, will be delivered, insurance fees should be sent with orders, as follows: 
To $5 in value, 3¢ additiona l; from $5 t. $25, l Ot; from $25 to $50, l 5¢ . 

T H E  I N D U ST R IAL REPU B L I C  
By P.  W. Litchfield 

T
ODAY'S big problems are basically 
those of industry and production. 

The creation of more goods and more 
comforts, and the just division and dis
tribution of the products of industry, 

"are paramount, and failure of the 
available machinery to solve them sat
isfactorily is at the bottom of today's 
social unrest. Mr. Litchfield, who is 
chairman of the Goodyear Tire and 
Rubber Company, sets forth in this 
little book a thoughtful plan for con
certed action between and by manage
ment and labor for the greater good of 
all. Unlike most such proposals, this 
one has been developed in practice and 
has stood the test of day-to-day op
eration in a large industrial company. 
Since the outcome of the present dif
ferences between labor and capital will 
largely decide the future of our civiliza
tion, such thoughtful (and workable)  
proposals provide the basic considera
tions as this essential for our thinking 
and planning. Whether one's interest 
in our industrial problem is thllt of 
worker, manager, or mere consumer, 
this book will prove highly stimulating. 
(201 pages, 6 by 9 inches, illustrated.) 
-$4.10 postpaid.-D.H.K. 

EXP E R I M E NTAL PLAST I C S  AN D 
SYNTHETIC RES I N S  

B y  G .  F .  D'Alelio 

A
IMING to demonstrate the chemical 

reactions used in the preparation 
of plastics materials, this complete and 
informative book presents 97 experi
ments and 27 test methods, each one 
carefully worked out to demonstrate 
basic pr�nciples. The text covers prac
tically all the well-known plastics and 
resins which can be prepared readily, 
even in a small laboratory. The pres
ent volume, an expansion and revision 
of "A Laboratory Manual of Plastics 
and Synthetic Resins," published in 
1943 and widely acclaimed as a source 
of specific information, was planned for 
class-room use. It will, however, be 
snapped up by many an industrial 

Beca use of increased prod uction costs 

of books, p u b l ishers' reta i l  prices to· 

day are su bject to consta n t  change.  I t  

may be necessary, therefore, for our  

Book Department to  advise book pur· 

ch asers of increased costs, eYEm when 

orders  sent a re based on cu rrent quo

tations. 

The Ed itor 

worker who needs to know more than 
just a little about the "how" of plastics 
preparation and by others whose in
terests lie in the field of plastics in all 
its ramifications. Explicit directions are 
given and space is provided for re
cording results. Many of the experi
ments can be translated directly or 
indirectly into industrial production 
applications. (185 pages, 8 by 11 inches, 
pertinent drawings, . an appendix list
ing industrial sources of supplies.)  -
$3.10 postpaid.-A.P.P. 

BU I LD I N G  AN E N G I N EERNG 
CAREER 

By Clement C.  Williams 

T
HIS second edition of Dr. Williams' 
valuable vocational guide appears 

opportunely when thousands of young 
men are seeking counsel and advice 
on their futures. The design of the 
book is much that of a text book 
intended for college students in their 
freshmaI;1 year. The text diyides quite 
naturally into four parts. In the first 
the characteristics of what may be 
called the engineering personality and 
the occupations of engineering are dis
cussed with understanding of both the 
aspirations and questions of the student 
and the requirements of the career. 
The achievements of the several recog
nized branches of engineering are de
scribed to provide the student with 
means for differentiating them from 
each other. An appendix of 144 prob
lems illustrates the type of questions 
which' engineers in each category are 
called upon to answer. Finally, the im
portant matter of visual aids receives 
deserved attention in a catalog, form
ing a second appendix, in which those 
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motion pictures bearing on engineer
ing careers are listed with brief de
scriptions and ,sources noted. (309 pages, 
5% by 8 inches, illustrated.) -$2.60 
postpaid.-D.H.K. 

J EEPS I N  THE S KY 
T H E  STO RY O F  T H E  L I G H T  
PLANE I N  P EACE A N D  WA� 

By Lt. Col. Andrew Ten Eyck 

W
RITTEN by a distinguished and well
informed AAF officer, the book 

gives a clear and well-balanced story 
of the many services whioh light planes 
performed during the war. They 
proved useful on an unexpected scale 
in civil air patrol, artillery reconnais
sance, transport of personnel, mes
senger service, and so on, and were 
employed in every theater of war. 
Graphic and sometimes exciting stories 
are presented and the book also leads 
up to the possibilities of the light 
plane in peace time. (152 pages, 8 by 
5% inches, 32 pages of illustrations.) 
$3.10 postpaid.-A.K. 

ELECTRO N ICS IN I N DU STRY 
By George M. Chute 

E
MPHASIS on the practical applications 
of electronic tubes to industrial op

erations makes this book suited to users 
of equipment produced by leading 
manufacturers but of little interest or 
value to the designer or builder of elec
trical equipment. By first . presenting 
simplified fundamentals and then grad
ually enlarging into specific applica
tions, the text supplements other books 
on electronics and encourages the 
reader to consult these books for more 
complete coverage of its phases. Essen
tially, it boils down to an appetizing 
introduction to a valuable industrial 
tool. (461 pages, 5% by 8% inches, well 
illustrated with drawings and photo
graphs. )  -$5.10 postpaid.-A.P.P. 

SCIENTISTS AGA I N ST TIME 
B y  James Phinney Baxter, 3rd 

O
FFICIAL but far from dull overall 

account of the war work of the 
Office of Scientific Research and Devel
opment on new weapons. The weapons 
themselves are not technically de
scribed but the narrative account, 
written by the president of Williams 
College, of what went on in the half 
or more of the war that was under 
censorship wraps gives the reader a 
sense of having his hand at last on all 
the threads instead of fragments and 
parts, half right and half wrong. The 
total realization comes that this was a 
war of "scientists against time" even 
more than most of us knew. (473 pages, 
5% by 8 inches, 74 illustrations. ) -$5.10 
postpaid.-A.G.I. 

BACTERIAL C H E M I ST RY 
AN D PHYS I O LOGY 

By John Roger Porter 

A
r.THOUGH intended primarily as a 

college text, this book should be 
in the library of every large industrial 
plant. There is no industrial chemist or 

engineer who sooner or later will not 
have occasion to use the material which 
it contains. It makes. explanations in 
language simple enough to be under
stood by anyone who knows even the 
rudiments of chemistry, and is richly 
filled with bibliographies and other 
reference sources. With a penury of 
verbiage which wastes none of the 
reader's time the book tells what bac
teria and enzymes do, how they may 
be controlled, what knowledge has and 
has not been obtained regarding them, 
and how their work can be made use
ful to industry. (1073 pages, 6% by 9 
inches, numerous charts and tables, 
including three large tipped-in charts.)  
--$12.25 postpaid.-E.L.C. 

T H E  STAR ATLAS A N D  
N AV I GATION E N CYCLO PEDIA 

By S. S. RabJ 

C
ONVENTIONAL navigation of windjam
mer days through to loran and radar. 

Content: mathematics; speed, distance, 
bearings; compass ; latitude, longitude, 
and charts; nautical astronomy; time 
and the nautical almanac; old-time 
methods; modern methods; plotting the 
position; sailings; stars; star finding 
methods ;  primitive navigation. The 12 
large star charts are ' as suitable for the 
amateur astronomer as those in astro
nomical books and 14 other charts show 
the constellations. (161 pages, 8% by 11 
inches, 93 illustrations.) -$5.10 postpaid. 
-A.GJ. 

T H E  CAR OWN E R'S 
HAND BOOK 

By Paul D.  Green and Ralph Ritchen 

C
APABLE of saving the average mo

torist a good many dollars and an 
infinite amount of annoyance, this 
little book should be of great value to 
those persons convinced that an auto
mobile is a perverse, if inanimate, crea
ture. Clearly illustrated and carefully 
explained are the basic principles of 
the modern automobile plus all the 
"little things" which spell the differ
ence between trouble-free driving and 
constant difficulty. System by system
fuel, electrical, cooling, lubrication, and 
so on-the typical cars of today are 
laid bare. Although by no stretch of the 
imagination a repair manual, the book 
does contain a multitude of hints and 
kinks on trouble shooting, minor reme
dies, and good practice. A section on 
driving is included and should be re
quired reading for all beginners and 
not a few old-timers. (192 pages, 6 by 8 
inches, 120 illustrations.) -$2.60 post
paid.-E.F.L. 

ANALYT I CA L  EXPE R I M ENTAL 
PHYS ICS 

By Harvey Brace Lemon and 
Michael Ference, Jr. 

R
EVISED from the 1943 edition, this re
markably complete and exception

ally well produced physics text book 
has been brought up-to-date by the in
tt1usion of much new material in the 
fields of radio, radar, isotopes, artificial 
radioactivity, and electricity in gen
eral. Although the' text is graded at 
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The future of science stems 
from the past-

T H E  P AT H  
O F  

S C I E N C E  
By C. E. KENNETH MEES 

A clear and penetrating 

analysis of science and man 

and their progress 

This book is written to help you 

to j udge scientific progress with 
the intelligent realism demanded 

of each of us in an Atomic Age . 

It analyzes first the evolution o f  
scientific thought and the social 

factors influencing that evolu
tion. It  tells clearly what is  
meant by the scientific method, 

and explains its use in develop

ing modern physical , chemical , 

and biological ideas. In later 
chapters, the di scussion centers 

on the present-day organization 

for scientific research, includi ng 

applications of science to indus
try . I n  summary, D r .  Mees re
views the general relation o f  
science to society i n  the past,  
and points out future possibili
ties for scientific study o f  soci
ology and politics . 

1 946 250 Pages 
$3.00 

O N  APPROVAL COUPON 
JOH N W I LEY & SONS, I NC.  
4 40  Fourth Ave., New York 1 6, N ,  11'. 
Please send me a copy of Mees' 
THE PATH OF SCIENCE on ten 
days' approval. If I desire to keep 
the book, I will remit $3 .00 [llus 
postage ; otherwise I will return the 
book postpaid. SA -1 -47 

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

Address 

City . . . . .  State . 

Employed by . . . . . . . . . . . . . . . . . . . .  . 

(A pproval Offer not valid olltside 
U. S . )  
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"FI N D E R" T E L ESCO P E  

F or  refleetors and large refractors. Uses our 71f.," 
F.L. achromatic ohjective and our %" F.L. Kellner 
ffiyepieee with crosshalrs; fluoride coated lenses. Offers 
whle field, brilliant image and sharp definition. Ob
jective is focming. Image Is Inverted. Brass through
out. Complete . . .  ready for use . . . $17.50. 

POCKET T E L ESCO PE 
GalliJean type. Makes 
disTant ohjects appear 
4 times larger. Ach
rnmatic lenses mount
ed in Jigh.t metal. 
Anodized "lack finish. 
Xo focusing reeded. 
:!" long x 1" dia. 
Le-nses t;s "  clear 
aperture. ��I'om U. S.  
Gov'!  Bubble Sex
tants. $2.00. 

Achrom.atic Kel l ner Eyepiece M · l  
lVitih IJjgh 
e y e  p o i n t. 
C o m p l etely 
a S R e m h l ed. 
Ready to use 
in telescopes, 
h i n o c ul,8!rs, 

m i e roscopes, 
fi nders, spot
t ing 'SC(}pes 
or wherever a 
very superior wide-field ooula. of fine deflnltion amd 
great light gathering qualities is required. Both eye 
and field lenses are achromatic and fluoride coated. a) E.F.L. 0. 786" ( 1 2 . 5  X) . O . D .  % "  $5.00. 0) willi crosshair $ 6 . 00 .  
e )  Bushing to fl t  1 '4 "  tube $3.00 extra. 
Bushing to fit your tube $ 4 .00 extra. 

A C H R O M A T I C  
T E L ESCO P E  
O B J ECTIVES 

3-indb ( 7 6.  2mm. ) diameter, 
t 5 -ineh ( 3 8 1 mm . )  effective 
focal length U5) .  il'ront and 
bllCk surfaces Magnesium 
FluorIde coated, cemented, 
optically centered and 
mounted In almnlomn cell. 3 %" O.D. ; e1ear aperture 2 1'5 / 1 6". Positive!} 
Jesigned for telescope work. Price $22.50. 

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

2 N  x 2 "  x 6 " ,  c.rowJl 
glass, weighs over 1 
lh. Exce11ent as pa
w',r weight, name 
plate, novelty fo.r den 
or Office, etc. 20¢ In 
our store. 50¢ by 
rna il, sent p ostpaid. 

C A M E R A  L U C I DA P R I S M  

with 4 auxiliary lenses. A real "find" fo,r artists, 
adrertisirg reproductlo�, air mapping, etc. Easy to 
,et up and use. Only $12.00 ( cost Gov' t $85.00 ) . 
PO R R O  Best optieal quality. 

P R I S M  ��:��':m:;�ntOI�� 
anees. For telescope 
inverter. Small prlBm 

cemented to large one. Small : 1 9 / 1 6 "  x 1 9 / 16", 
large : 1 9 / 1 6 "  x 2 % "  face.  Fluoride coated.
$16.00. 

Include Postag e  - Remit with Order 

Send 20c for U p-to-the-minute Catalog 

HARRY BOSS 
M I C ROSCOPES 

Scientific and Laboratory A pparatus 
70 West Broadway, New York 7, N.Y. 

46 

college level, the method of presenta
tion makes it almost ideal for self study. 
It covers both classical or fundamental 
physics as well as applications of physi
cal principles to everyday life. Em
phasis is largely on experimental as
pects, and many of the experiments 
detailed can be done in the home with 
readily available or improvised equip
ment. Included in the text are 66 illus
trations taken from motion picture 
films which give step by step records 
of laboratory experiments. This large 
and beautifully printed book is heart
ily recommended to anyone who wants 
to brush up on this important phase of 
science. (588 pages, 91h by 12 inches, 
lavishly illustrated with over 600 draw
ings and photographic prints.) ---'$825 
postpaid.-A.P .P. 

ENGLlSH.;.FRENCH AN·D 
FRENCH-EN G L I S H  
TEC H N I CAL D I CTIONARY 

By Francis Cusset 

OF A convenient size and simplified, 
legible format, this publication 

should be a worthwhile investment for 
all persons whose occupation or inter
ests involve reading French technical 
papers, or designing and producing for 
the export market. The coverage of 
terminology is broad and general, in
cluding metallurgy, mining, electricity, 
chemistry, mechanics, and science. (590 
pages, 51h by 7 inches, conversion 
tables.) -$5.10 postpaid.-E.F.L. 

M O D ERN M ETALC RAFT . 
By John L. Feirer 

How to make simple obj ects such as 
lamps, boxes, and trays out of met

als while using the fewest and simplest 
tools and shop equipment and the least 
floor space. How to select the metals 
and the tools and to make many of your 
own tools. How to sharpen and use a 
cold chisel, how to solder, etch, obtain 
decorative effects, bend metal, rivet, 
measure accurately. A worthwhile book 
for the home craftsman, the conval
lescent, the hobbyist, or any father of a 
growing boy. (288 pages, 6 by 81h 
inches, over 200 illustrations and dia
grams.) -$3.60 postpaid.-E.L.C. 

V ITAL PROBLEMS O F  
AI R COM M E RCE 

Edited b y  Lucien Zacharoff 

THE Am AGE is here and the United 
States has many important ques

tions to settle in connection with global 
and domestic air transportation pol
icy; in airport legislation and construc
tion; in the encouragement of private 
flying; in the full use of air cargo ; and 
in the application of aviation to agri
culture as well as industry. With panels 
of the Aviation Section of the New 
York Board of Trade as a starting 
point, the author has made a well
planned attack on these questions by 
presenting a series of well-knit, in
teresting, and appropriate discussions 
of each phase of aviation, in every 
case written by an authority. (338 
pages, 8% by 51h inches.) -$3.10 post
paid.-A.K. 

ASTRONOMICAL 
OBJ ECTIVES, OCULARS 

PRISMS, FLATS 
I nstruments Designed 
to Your Specifications 

* 
Write for 

Descriptions and 
Price List 

* 

BRAN DON  SC I ENT IFI C  
DEVEL OPMENT  

A New York COrporation 

P. O. Box 85 Malverne, N ew York 

• When you write to advertisers The 
Editors will appreciate it if you will 
menti.on that you saw it in 

SCIENTIFIC AMERICAN 

ASTRONOMICAL 

T E L  E $ C O P  E ,$  
& SUPP L I ES 

Telescopes K i ts Drives 
Mounts Eye Pieces Tri pods 
Castings  F i nders Figuring 
Tubes Achromats Pallcronizil1jJ 

MIRRORS MADE TO ORDER 

*** Quality OUR MOTTO*** 
PROFESSIONAL SERVICE AVAILABLE 

Write for Catalogue and Price List 

ASTRO T E L ESCO P E  COM PA N Y  
P .  o. Box 1365 - Glendole S ,  Colif. 

Display Room - Erb 6- Gray 
854 S. Figueroa St.-Los Angeles, Calif.  

R EV E R S I B L E  G E A R E D  M O T O R  

Operates on Flashlight batteries, speed de
pending on the voltage_ Fairly strong on 
6 volts, full power and speed on 27 volts. 
Designed to be used in bombsights, auto· 
matic pilots, etc. Two 'types, 

. 145 or 250 RPM. Either 5 � 00 speed a bargain at . . . . . . . . .  d .  

BASIC M O T O R  
2 x 1 x 1 

ELECTRI CALLY 
SAME AS 

GEARED 
MOTOR 

53.00 
A L N IC O  M A G N ETS 
A R E  AGA I N  AVAI LABLE 

% x % x 3J.1 
SMAL L  HORSESHOES 

2 for • . . • • • • •  _51.00 
BLAN, 64-A Dey Str..,t, New York 7,  N. Y. 
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Te l e sco p t i c s  
A Month ly Department for the Amateur  Telescope Maker 

Conducted by  ALBERT G. I NGAUS 
Editor of the Scientific American books "Amateur Telescope Making" 

and "Amateur Telescope Making-Advanced" 

IN THE LAST stages of telescope mirror 
grinding the pencil mark test is some

times resorted to in an endeavor to 
bring the mirror and its mating tool 
to full spherical contact, preparatory 
to polishing. This test is described in 
"Amateur Telescope Making," page 288, 
thus: "As finer sizes are used, make the 
simple pencil mark test for sphericity 
by carefully drying and cleaning tool and 
mirror, drawing pencil marks across 
each, working them dry with a few 
very short strokes, and observing 
whether they are in contact by noting 
where the marks are rubbed thin or en
tirely off." 

Your scribe used this test many times 
on tel€scope mirrors, had no troubles 
with it, and offered it in "A.T.M."
sinC€ when the mails have brought oc
casional wails about scratches and 
sticking mirrors. Ralph Dietz, of P-asa
dena, California, wrote that this test 
"is bad, a mistake, wrong, and you 
shouldn't do it." Before removing it 
from "A.T.M." the opinions of others 
were solicited-still are. Dave Broad
head, Wellsville, N. Y., says: "My vote 
is to leave it in, as a help to b€ginners 
to understand their problem." Fred 
Ferson, Biloxi, Mississippi, votes: "I 
have used it often and have never 
traced a scratch to it." On the other 
hand, H. H. Selby, in "A.T.M.A.," 117, 
says: "The pencil test is not recom
mended, due to danger of scratch for
mation." Why this test should scratch 
for some, while for others it hasn't 
scratched 'yet, remains a puzzle. Some 
have testified that it pulled chunks 
right out of the glass. Can this be true? 

To his comment, already quoted, 
Dietz adds another which opens up a 
fresh aspect of the same subject. "Any
way," he writes, "two pi€Ces of glass, 
such as a mirror and its tool, when 
ground together with abrasive between, 
should not fit each other exactly. The 
bottom disk will have the radius of 
curvature of the top disk minus the 
thickness of the abrasive used. There
fore, if the pencil lines rub out, some
thing is wrong, not right." This reason-
ing looks solid, but read on. . 

In Twyman, "Prism and Lens Mak
ing," 62, the same consideration is dis
cussed. Two disks were ground with 
fine emery well rubbed down to 
0.0002" thickness, then cleaned, dried, 
and put together. They were found to 
swing very noticeably around the mid
dle. These disks had deep curves, f /3. 
Twyman points out that the same phe
nomenon would not be appreciable 
with shallower curves. 

To demonstrate mathematically the 
9'uth of this last statement is now our 
intention. We choose a specific mirror, 
the common 6" f/8, its f.l. 48", its radius 
96". How wide will the edge separation 

between this mirror and its tool 
theoretically b€ after they have been 
worked to a fit with No. 600 Carbo be
tween them, washed up, dried, and put 
together? By the old standby, r2/2R, 
this mirror's sagitta is 192/9, which fig
ures out at 0.046875000". The average 
grain size of Carbo 600 being 0.00042'" 
("A.T.M.," 492) , we subtract this 
amount from 96", leaving 95.99958" for 
the radius of the tool. Having a shorter 
radius, the tool will have the greater 
sagitta and so the cleaned up mirror 
will pivot at its center. (Theoretically, 
anyway.) We divide 9 again by twice 
the tool radius, or 191.99916" and get 
0.046875205". Subtracting, we get the 
width of the gap between edges of mir
ror and tool and this is the amount, an 
insignificant one five-millionth of an 
inch, by which "something is wrong" 
if a mirror of common focal ratio and 
diameter fits the tool in the pencil test. 
Here it is: 

tool sagitta 
mirror sagitta 

0.046875205" 
0.046875000" 

difference 0.000000205" 
Not only that but, on seeing the file 

of letters and papers involved in the 
exchange, Broadhead adds this: "When 
the abrasive has been properly worked 
down at the end of the wet, the grain 
size will no longer be the 0.00042" it 
started with but even less." 

In passing, note Ellison's cognate 
argument on page 369, "A.T.M.," where 
he refers to the loose fit between mirror 
and tool after a paper polisher 0.01" 
thick has been removed from the tool. 
Though the gap is here much larger 
than in the case worked out above, the 
misfit still comes out only 0.00001" for 
a 6" f /8 mirror, which is far from the 
"gross error" he terms it. It seems 
probable that Ellison made his state
ment only on a basis of intuition, as 
Dietz did, without calculating, and that 
is what your scribe did when inserting 
it. This, therefore, must come out of 
"A.T.M." Why has no one challenged 
it? 

Incidentally, this department has 
heard extensively from a group of 
amateurs in Belgium who were making 
telescopes as a hobby right through the 
war and who have been using paper 
polishers, and they claim "at least as 
good" results with them as with pitch 
laps. Though most opticians look down 
the nose at the paper polisher, these 
Belgian amateurs' claim is so strong 
that a serious test is in order, not to 
prove them wrong or even to prove 
them right but to find the facts. Later 
we hope to find some workers to make 
these tests and to provide the correct 
polishing paper and technique. Will the 
reader volunteer as a guinea pig? 
Working instructions are available. 
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When the above calculations were 
shown to Dietz he said he was a little 
surprised at the smallness of the edge 
gap but still believed the pencil test 
bad. He also described an experhnent 
which he and many others had often 
made. Grind two disks together, fine 
grind them, give them a quick shine 
polish and test them by interference, 
Both will he spherical, as shown also 
by the shine coming up evenly, but 
usually four or five fringes-say 
1/100,000" -from a fit. This is much 
more than theory calls fo.r but that 
often happens in shop optics. The pres
ent discussion, until farther along, is 
quite frankly, unashamedly, unapolo
getically concerned with theory for the 
pure sake of theory, and this is where 
Dietz took off for an interesting flight. 
He pointed out that, strictly speaking, 
r2/2R is the formula for the parabola, 
not the sphere; though, as he added, it 
makes no practical difference in the 
present case of the pencil test. For the 
sphere we should, he added, use an
other formula which is 

MN = ABv'7":(;-;AB=)"""'2 -_-(7"'AN;-;-;;):n2 
the appertaining figure b€ing the one 
in "A.T.M.," 312. Perhaps, through us
ing r2/2R so often because its use is 
virtually always accurate enough to be 
practical, we sometimes forget this nice 
distinction. 

Formulas for the sphere appear in 
numerous optical works and they ap
pear to differ. Some examples: 

Ellison in R = A2 + f)2 
"A.T .M.," 116. 2D 
Haviland in 
"A.T.M.A.," 243 

Hardy and 
Perrin, 365 

Twyman 
21 

Deve 
185 

R = ,,2 + d2  

---u-
R = ,,2 + h  

2h 2 
r = s2 + d2 

2d 2  
x2 = y (2R - y) 

John Pierce in MN = � _ MN 
"A.T.M.," 312 2R 

After a little standard algebraic
geometric juggling these all tum out to 
be identical, and more juggling whips 
this into the form 

h = R - V R2 - r2 '  
which is more convenient to apply to 
a specific problem, even though it in
volves remembering how to do square 
root. Lazybones can, however, use 
tables or slipsticks, or resort to a cal
culating machine. This is what your 
scribe did since it had the advantage 
of giving correct answers. 

It is satisfying to know that r2/2R 
(parabola) and the above sphere for

mula are each complete, conc€aling no 
microscopic silent partners. 

Where do such formulas as those in 
"A.T.M.," 257, and "A.T.M.," 5, fit into 
this picture? They don't. These pertain 
to edge separations between parabolas 
and spheres that touch (osculate) as 
in "A.T.M.A.," 379, Figure 2. Here the 
formula is an expansion of the root in 
the sphere formula by Newton's 
binomial theorem, which gives h = r2/ 
2R - r4/8R3 + r6/I6R5. . . Only the 
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COMPLETE HIGH GRADE KITS 
OUR  SPEC IALTY 

Each kit has two glass discs 
( correct thickness) tempered 
pitch, 8 assorted abrasives 
including rouge ( fewer may 
not give perfect optical sur
f ace ) , instructions, F R E E 
ALUMINIZED DIAGO
NAL, etc_ 

4" Kit 
6" Kit 
8 "  Kit 

. .  $4.00 
5 . 5 0  

. . .  1 0.00 
. .  1 5 .00 

. 2 1 .00 

Pyrex, $ 5 . 5 0  
Pyrex, 7 . 5 0  
Pyrex, 1 1 . 5 0  
Pyrex, 22.00 
Pyrex, 3 5 .00 

10" Kit 
1 2 "  Kit . 

PRISMS 1 1 /16"  $2.50, 1114" $3.15, 2" $1.50 
Pyrex speculums made to order. Your mirror 
tested free. We do polishing and parabolizing. 

A L U M I N I Z I N G  
A harder and brighter aluminum coating that is 
uniform and produces a lasting and superior re.
flecting surface. Guaranteed not to peel or blister. 

6" . . , . .. . . . . . . . . . . . . . . . . . . . . . . . $2.50 
8" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $3.50 10" • . . . • . . . . . . . . . . . . . . . . . . . . . . .  $5.00 

Mirrors for Cameras, Range Finders 
and other optical instruments. 

Write for FREE PRICE LIST 

THE PRECISION OPTIC.AL CO. 
1 001 East 1 63rd Street, N. Y. 59, N. Y. 

REFLECTING TELESCOPE K I TS 
O U R  SPECIALTY 

PARABOLIC PYREX MIRRORS made to Order, 
correctly figured , polished, and parabolized. Precise 
workmanship guaranteed . Prices on request. WE DO POLISHING, PARABOLIZING, AND 

ALUMINIZING. 
Send for FREE ILLUSTRATED C'ATALOGUE 

M. CHALFI N OPTI CAL COMPANY 
G. P. O. Box 207, New York, N.  Y. 

ALUMINIZING 
S U R FACE HAR D E N E D  COAT I NGS 

6 "  
8" 

1 0 "  
1 2 �2"  

Get 
- $2.50 

3 . 5 0  
5.00 

- 8.00 
24" 

The Best 
14" - $ 1.4.00 
16" - 1 8.00 
18" - 2 1 .00 
20" - 24.00 

$3 0.00 
. 

L E R O Y  M. E. C L A USI NG 
5507-5509 Lincoln Ave. Chicago 25, III. 

TELESCOPE MAKERS 
Quality materials of t h e  RIGHT kind. 

6" Kit : - Glass, abrasives, pitch, rouge and 
instructions . .  � . . . . . . . . . . . . . . . . . . . . . . . . $5.00 
LENS GRINDERS, pitch, abrasives . . .  $5.00 
H O B BYG RAFS- I N F O R M ATION-I N S P ECTIO N 
We offer you the benefit of our 26 years of 
experience at this hobby. Free price list. 
John M. Pierce, 11 Harvard St., Springfiel d ,  Vt. 

�" Q!!!!i c:7��SCOP 
A Popular I llustrated 

Astronomical Monthly -

For amateur astronomers - new star 
charts, Gleanings for telescope, makers, 
page for observers, and celestial photos. 
Star charts for N. and S. Hemispheres. 
$3.00 a year, domestic ; $3.50 in Canada 
and Pan·American Union ; $4.00 foreign. 
Single copy, 30 cents. Sample on request. 

SKY PUBLISHING CORPORATION 
Harvard Observatory, Cambridge 3B, Mass. 

first two terms are significant in mirror 
making. This gives depth of glass re
moved in parabolizing by polishing the 
outer zones. 

What also about things like r2 I 

R + r4/8R3, encountered in the litera
ture of optics? These pertain to still 
another picture, that of longitudinal 
aberrations along the axis of mirrors, as 
in the Foucault test, and are a cat of 
another color; hence, pssst, cat,  get out 
and don't confuse the present argu
ment, which will stay on the para
boloid-sphere basis. (Anybody who 
wishes to stir up these particular cats 
may dig out Prof. Wadsworth's article 
in Popular Astronomy, Volume X 
(1902) , 337-348, but, should then hunt 

up Prof. Hussey's sequel article on 
"The Longitudinal Aberration of a 
Parabolic Mirror," in Publications of 
the Astronomical Society of the Pacific, 
Volume XIV (1902) , 179-188, because 
the latter pointed out basic errors in 
the former caused by. misunderstand
ings concerning fixed and moving pin
hole and knife-edge. Your scribe also 
has a file of TN exchanges dated 1933, 
on the longitudinal aberration cat, 
which may be borrowed by any who 
suffer from the mathematical Hch. 
There also. is an article by Charles G. 
Rupert, in Popular Astronomy, 1918, 
525-542, entitled "Mathematics of the 
Reflecting Telescope." These old articles 
are virtually unavailable to all except 
those having access to institutional 
library files and ought, perhaps, to be 
reprinted.)  

Before going on, we have been told 
that it is bad mathematics to call a 
paraboloid a curve, it being a surface, 
but a parabola is a curve. Pedantry? 

If we now apply the sphere formula, 
the theoretically correct one for an un
parabolized mirror, to our same 6" fl8 
mirror we get-a lot of headaches from 
doing square root. Your scribe recalled 
the method but wasn't able to multiply 
and divide twice alike in trying to spin 
out the square root of 9207 (mirror 
sagitta by sphere formula) to a lot of 
decimal places and then, to get the 
tool's sagitta, square 95.99958, subtract 
9, and take out the square root to an 
equal lot of places. So The Monroe 
Calculating Machine Company, Orange, 
N. J., was asked to do it on one of its 
machines. These robots don't sweat for 
two hours over such a problem but 
sass you right back with the correct 
answer, and this one came by mail 
strung out to 17 digits for good meas
ure ; these machines being so eager you 
can't stop them. Of the 17 enough are 
offered below to show the maj or devia
tion between results of the two for
mulas in the present instance.  By the 
sphere formula 

tool sagitta 
mirror sagitta 

0 .046886656" 
0.046886450" 

difference 0.000000206" 
Now let's subtract the parabola for

mula's findings from the sphere formu
la's findings: 

as sphere 
as parabola 

0.000000206" 
0 .000000205" 

that big gap 0 .000000001" 
So we've found at last that the correct 

formula gives us a billionth of an inch 

more than the "wrong" one. Let's cele
brate. 

Yet let's not celebrate . too hard, for 
that submicroscopic gap grows mightily 
with shortened focal ratio and soon 
enters the realm of the entirely prac
tical. C. R. Hartshorn, Los Angeles, to 
whom the above data were shown, has 
explored some of the effects of varied 
focal ratio on the use of the parabola 
formula instead of the sphere formula 
and worked out (didn't lean on any 
1azy man's crutch) the following table 
for 6" mirrors of eight focal ratios. 
f R R - y' R2 - r2 r212R diff. 

8 96" .046886" .046875" .000011" 
7 84 .053589 .053571 .000018 
6 72 .06253 .0625 .00003 
5 60 .07505 .075 .00005 
4 48 .09384 .09375 .00009 
3 36 .12522 .125 .00022 
2 24 .18824 .1875 .00074 
1 12 .38105 .375 .00605 

Hartshorn emphasizes that this table 
is for 6" mirrors alone. Others are not 
in direct proportion. Its practical pur
pose is to indicate just where it is time 
to switch to the sphere formula-for 
example, on a Schmidt primary. Hart
shorn summarizes his findings thus: 
"Those who think they can read the 
knife-edge to 0.001" [Chance for an
other long-winded argument here-see 
"A.T.M.A.," 21, line 11.-Ed.] may start 
brushing up on their square root at 
about t12. This checks nearly enough 
with an old letter from Kirkham: "By 
calculation it is found that the inac
curacy from using r2/2R is negligible 
down to t/3." Broadhead, in working on 
his deep-curved Maksutov telescope 
wrote, "I found at the outset that 
r2/2R was not close enough and avoided 
a very serious source of error on these 
telescopes by using the sphere formula." 
And, by the way, Broadhead nearly fin
ished his Mak, had to set it aside for 
other work, as have several others. 

Shown the above findings, Frank R. 
Varela, Tenafly, N. J., worked · up the 
following table for two focal ratios and 
three aperture

�
s.

�_� f R - y' R2 - r2 r2/2R 
8" 2 0.250989" ' 0 .25" 
8" 

10" 
10" 

4 0 .12512 0 .125 
2 0.313727 0 .. 3125 
4 0.15640 0�5625 

12" 2 0.376478 0.375 
12" 4 0.187680 0.1875 

diff. 
0.00099" 
0 .00012 
0 .001227 
0.00015 
0.001478 
0.00018 

"These figures," Varela states, "were 
computed. with 7-place logs and the 
sixth significant figure may be accepted 
as correct. As happens where three 
variables are involved, the errors do 
not follow a simple law, but must be 
referred to three planes of reference. 
They do indicate a rapidly increasing 
error from using r2/2R as the focal 
ratio is shortened. An examination of 
this table and Hartshorn's indicates that 
a not too accurate rule can be applied: 
that the error increases inversely as the 
cube of the focal ratio ." 

Early in the above article your scribe 
said the pencil mark test hadn't 
scratched yet for him . The article was 
written, set aside for a long time and 
almost forgotten. A pair of 10" mirrors 
were made, and on one of them the 
pencil test pulled little hunks right 
out of the glass. Exuent test, with slow, 
sad music, Dietz and Selby grinning. 
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How to Avoid 
Saving Money 

by DANNY KAYE 

To avoid saving money, the first thing 
is to cut off all your pockets. (Or throw 

away your purse and keep your lipstick 
in your snood. )  Thus you will have to 
carry your money in your hand. Which 
will insure that you- I .  spend it, 2. lose it, 
3. get it taken from you -quicker! 

Also to be avoided like crazy are piggy 

banks and sugar bowls. Keep these out of 
your home! The kiddies in particular are 

victimized by such devices, often saving 
quite a bale of moolah. Be stern even if the 

little ones cry-remember what money 
could do for them! And be sure to avoid 

budgets. It is best to draw your pay and 

walk down Main Street buying anything 

you don't particularly hate. 

Above all, don't buy any U. S. Savings Bonds 
-or it's impossible not to save money! These 

gilt-edged documents pay fat interest-

4 dollars for 3 after only 10 years! There is 
even an insidiously easy scheme called the 

Payroll Savings Plan by which you buy bonds 
automatically. Before you catch on, you have 

closets full of bonds. You may even find 
yourself embarrassed by a regular income! 
Get-,at-gittle! � � 

� -{OU "'liS,. tI 
\: S��E 

SAVE THE EASY WAY. . .  
-

\ 

BUY roul< 80N()S THROUGH PAYROLL SAVINGS 

COlltrihuted hy this maga=ine ill co-operation 

with the Maga=ine Publishers of A merica as a public service . 



I N T E R E S T E D  
I N  L A R G E  P LA S T I C  

P I E C E S ? 

Disp.:l I i n g  the time- worn theory that 
large molded plastic p ieces are imprac
tical and uneconomical,  th� .e  Adm i ral  
p h o n o g r a p h  and r a di o - p h (, n o g r a p h  
cabinets effectively demons trate that 
large products as well as small can be 
molded of Durez phenolic plastics.  
The b igger cabinet (right) when as
sembled contains a five tube radio and 
automatic record player. The molded 
Durez body weighs 9Yz pounds and the 
cover 3Y2 pound s .  Thi s  m akes a total 
cabinet weight of only 1 3  pounds. 

Radio Frequency Preheat 

Comp r e s s i o n  m o l d e d  in a 400 ton 
press, the s p e c i a l  Durez c o m p o u n d  
used i n  this  larger unit i s  preheated 
by ra d i o  fre q u e n c y .  Th i s  m o d e r n  
method o f  p roduction facil itates the 

mold ing operati on con s i derably and 
resul ts i n  the strong, attractive cabi
n et shown. 
The smaller unit,  Admiral ' s  a utomatic 
record player, is also molded of Durez 
but in a 300- ton press.  

Why Plastics ? 

The progress ive A dm iral Corporation 
experimented and found th at  for top 
qual i ty cabinets of  thi s typ e - having 
l ight w ei ght and an integral , l ustro u s  
fi n i s h ,  p la st ics were better s uited than 
any other m aterial . 

Why Phenolic  Plastics ? 

Th e e x c e l l e n t  m o l d a b i l i ty ,  i m p a ct 
strength,  eye-appealing finish,  and the 
n o n - r e s o n an c e  of p h e n o l i c  p l a s t i c s  
proved the decis ive factors in the choice 
of these most.versati le -of- al l -plast ics .  

Why Durez Phenolic Plastics ? 

As s p e c i a l i s t s  i n  the p r o d u c t i o n  of 
phenol ic  plastics for the past quarter 
century, the Durez staff have developed 
more than 300 multi - p ropertied Durez 
p h e n o l i c  m o l d i n g  c o m p o u n d s  from 
which to select the plastic that pre
cisely fits the j ob. 

Write for Free Booklet 

" Mach i n i n g  Data on Phenol i c  Plasti c s "  
i s  an informative manual which covers 
all the s tan dard mach i n i n g  operations 
encountered i n  the average plant .  Write 
for your free copy. No obl igati o n ,  o f  
cou rse. D u rez Plastics & Chemicals, 

Inc., 1 1 3 Walck Road , North Ton a

wanda, New York. Export Agents : 

O mni Products Corporation, 40 E. 
34th Street, New York 1 6, N. Y. 

PLASTICS THAT FIT THE JOB 


