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Nature was working for you. .. a billion years ago

Age-old natural gas supplies the raw materials

for everything from new textile fibers to wonder drugs

CENTURIES BEFORE the time of man,
great masses of plant and animal life
were buried under layers of earth, rock,
and water. Gradually, natural chemical
reactions changed that buried matter
into gas and oil.

The great importance of natural gas
began when scientists learned to sepa-
rate and use its parts. For example, out
of Union Carbide’s pioneering research
in petro-chemistry came “Prestone” all-
winter anti-freeze, which took the worry
out of cold weather driving.

SYNTHETIC ORGANIC CHEMICALS
CRAG Agricultural Chemicals
BAKELITE, VINYLITE, and KRENE Plastics

UCC’s Trade-marked Products include

LiNDE Oxygen
PREST-O-LITE Acetylene
PYROFAX Gas

Life-saving antibioties and excit-
ing new textiles are also yours because
of petro-chemicals. Then there are to-
day’s plastics . . . such as soft, pliable
polyethylene film used as a protective
wrapping for everything from food to
clothing . . . and vinyl plastics that bring
you tough, wear-resistant floor tiles and

unbreakable phonograph records.

Wherever you turn today, you’ll
find something that’s been made better
by the magic touch of chemicals from

the people of Union Carbide.

FREE: Learn how many of the
products you use every day are
improved by research in alloys,
carbons, chemicals, gases, plas-
tics, and nuclear energy. Write
for “Products and Processes”
booklet J.

Union Carbide Corporation,
30 East 42nd Street, New York
17, N.Y. In Canada, Union Car-
bide Canada Limited, Toronto.

UNION

CARBIDE

PRESTONE Anti-Freeze
EVEREADY Flashlights and Batteries
NATIONAL Carbons
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HAYNES STELLITE Alloys

UN10oN Calcium Carbide

Dynel Textile Fibers
ELECTROMET Alloys and Metals
UNION CARBIDE Silicones



THIS IS GLASS

a bulletin of practical new ideas

from Corning

New, neat

way to heat

You can’t buy this heater, yet. It's new—
in fact so new in concept that what you
see is a preliminary design sketch.

What makes it so unusual is the heat-
ing element it is designed around.
Corning’s new tubular heating element
called HEAT SHEATH®.

This is what the basic unit looks like.

Essential components are:
Vycor brand glass tubing, colored
red; capped leads; and a com-
pletely enclosed, extremely effi-
cient wire heating element.

True . . . sheathed heating
units are not new. But Hear
SueaTH offers a combination of
important advantages to you who
seek a compact, efficient, versa-
tile source of heat.

Let’s start with the glass tubing.
It’s made of a Vycor brand glass
that contains 969, silica. And
silica in such amounts gives this
glass the ability to cope with the
usually adverse effects of both
high temperatures and sudden ther-

V' mal shock.

For example: You can take an object
made of a Vycor brand glass, heat it to
900° C., and then plunge it into ice water
without cracking, crazing, shattering, or
any change in form.

Next, consider the freedom of design
this tubing offers . . . and how little space
it requires. (O.D. is 26”.) With a tenta-
tive rating of 500 watts per linear foot,
you can provide desired heat with short
sections “banked,” or long, single units.

These units heat up fast, too, going
from room temperature to maximum
rating within 5 seconds. The warm red
coloring is right in the glass—it can’t
wear out or off. (Note: Specific shade de-
pends on wattage input and varies from a
deep red to a cheerful ruby glow—colors
that add psychological value to the heat.)

Naturally, the glass enclosure protects
the heating element from dirt, dust, and
accidental shorting. Fire hazard isreduced
to zero. And the heating element itself has
a life rating of 5,000 hours, plus.

Not interested in portable heaters at
the moment? How about laundry dryers,

broiling units, baseboard heating, air
conditioning, industrial dryers? Maybe
you’ve already thought of other possible
applications.

If you’re interested in finding out more
about this compact, attractive, versatile,
and challenging item, contact our Appli-
ance Parts Sales Department. Write,
wire, or phone.

Afterthought: There are 7 different
glasses in the Vycor brand group. We
have a booklet that tells about them,
gives details on thermal characteristics,
radiant energy control applications, and
such. The booklet is Bulletin B-91. Free
with the coupon.
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This intriguing (though difficult to show
to advantage) bit of gadgetry is part of a
turn-and-bank indicator for airplanes.

We don’t make such instruments. We
do supply the glass tubing, made from
one of our PyrRex brand glasses.

Those who do fashion instruments of
this type find Corning areliable, econom-
ical source for this tubing. Besides being
free from visual defects this tubing is rug-
ged, accurate and easily worked.

Astute makers of many things have
discovered the practical and profitable
road to glass components. They bring
their wants to Corning.

The list of items and special glasses in-
volved almost defies enumeration. (There
are some 65,000 glass compositions in our
files.) But a good start is a pleasant book
called ““This is Glass.” Free. And/or drop
us a line briefing your problem and we’ll
investigate and report promptly.

Glass” [].

Name

How to prevent TV sunburn

Those who perform in front of TV cam-
eras are occasionally subjected to an
occupational hazard called “television
sunburn.”

Cause of this unsought skin tinting is
the intense heat generated by the big
lights used to illuminate sets.

Now set the stage for another problem:
Telecasting during the summer from a
barn-like structure that has defied every
effort of those versed in the art of air
conditioning.

This “double trouble” is what the pro-
ducers of a popular show, called “Grand
Ole Opry,” faced last summer. Putting
the show on from Ryman Auditorium in
Nashville, Tennessee, loomed as quite an
ordeal.

Enter here a sensitive and knowledge-
able person. His suggestion: Try PyrREx
brand infrared reflecting glass.

Sheets of this glass were placed in front
of the lights with simple brackets. Here’s
what the setup looked like:

Heat output was reduced some 50%. Yet this
PYREX brand infrared reflecting glass still trans-
mitted 75% of the wanted light.

Conclusion: Where there’s a knotty
problem you’ll often find a Corning glass
to solve it. A number of good examples
are detailed in Bulletin PE-34, a concise
reference on infrared, sight glasses, flat
glasses and sundry other useful items. A
check in the coupon brings it to you.

Please send me the following material: Bulletin B-91, “VYCOR brand Industrial Glassware
by Corning” [J; Bulletin PE-34, “Corning Flat Glasses” []; lllustrated booklet, “This is

Company

Street

City.
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Hyfen ends the need for time consuming
solder operations — and the high

soon... I E
rejection rate inherent with solder.

]
Pins and sockets are speedily crimped
a I s e on wire ends by automatic installation
tooling — or where more convenient, by

bench or hand tools. Dies control
and provide a uniform depth of indent

which can be inspected by depth
owar micrometer assuring absolute unvarying

reliability. Crimping may be done

before or after harness is in place.

Hyfen meets or exceeds MIL specifications

]
for voltage drop, dielectric strength,
au oma lon contact engaging force, and contact
retention force. It provides high corrosion

Crimped ; -
A resistance since there are no fluxes
pins and or dissimilar metals involved. Floating
sockets == contacts in both plug and receptacle
snap-locked 0 WIrl n make for uniform mating and disconnecting
in plug force by the alignment flexibility provided.
or receptacle. Hyfen principle is not limited as

to size, shape of plug and receptacle
Individual circuit pe o' P18 P

nor to number or size of connections.
removal or ar“esses Wire for bulletin.
gang disconnect. Burndy, Norwalk, Connect.—Scarboro, Canada
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The chief structural material of the plant world, it is made of sugar molecules.

PROTLINS, by Paul Doty

Their properties are now being related to their complex molecular architecture.
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Protoplasm is a sort of super-polymer made of protein and nucleic acid monomers.

DEPARTMENTS

LETTERS

30 AND 100 YEARS AGO
THE AUTHORS

SCIENCE AND THE CITIZEN
MATHEMATICAL GAMES
THE AMATEUR SCIENTIST
BOOKS

BIBLIOGRAPHY

Gerard Piel (Publisher), Dennis Flanagan (Editor), Leon Svirsky (Managing Editor),
James R. Newman, E. P. Rosenbaum

James Grunbaum
Donald H. Miller, Jr.
Martin M. Davidson

PUBLISHED MONTHLY BY SCIENTIFIC AMERICAN, INC., 415 MADISON AVENUE, NEW YORK 17, N. Y. COPYRIGHT 1957 IN THE U. S. AND BERNE CON-
VENTION COUNTRIES BY SCIENTIFIC AMERICAN, INC. ALL RIGHTS RESERVED. ENTERED AT THE NEW YORK, N. Y., POST OFFICE AS SECOND-CLASS MAT-
TER JUNE 28, 1879, UNDER THE ACT OF MARCH 3, 1879. ADDITIONAL ENTRY AT GREENWICH, CONN. SUBSCRIPTION RATE IN THE U, S. $5 PER YEAR.

© 1957 SCIENTIFIC AMERICAN, INC



Still Another AMERICAN First! |

! WINDSOR
FELTS
FOR

i
|
|
|

FILTRATION

OUTLAST ALL OTHER FILTER
MATERIALS 10 to 1

Windsor Felts are unique, fiber
bonded, non-woven structures,
engineered to serve as economical
and efficient filter media for in-
dustrial processing. Quick facts:

® Greater product recovery

© Can be hosed off without
taking from press

® Do not shrink, are ravel-
free and produce clean-cut
edges

o Easy cake release

o Can be re-used indefinitely
o Produce less plugging
 Reduce leakage

» Have unusual stability

o Temperatures to 250F

These outstanding properties
make Windsor Felts highly suit-
able for use on plate and frame,
pressure leaf, rotary vacuum,
cartridge or specialty filters. Send
today for Data Sheet #18 —
WINDSOR FELT-LIQUID FILTRA-
TION, making request on your
firm’s letterhead.

merican elt
ompany

MARK

GENERAL OFFICES: 58 GLENVILLE ROAD, GLENVILLE, CONN.
SALES OFFICES: New York, Boston, Chicago, Detroit,
Cleveland, Rochester, Philadelphia, St. Louis, Atlanta,
Greenville, S. C., Dallas, Boynton Beach, Fla., San Fran-
cisco, Los Angeles, Portland, San Diego, Seattle, Mon-
treal.—PLANTS: Glenville, Conn.; Franklin, Mass.;
Newburgh, N. Y.; Detroit, Mich.; Westerly, R. L.—ENGI-
NEERING & RESEARCH LABORATORIES: Glenville, Conn.
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THE COVER

The pattern of colored balls on the
cover is a symbol of the subject to
which this issue of SciExTIFIC
AMERICAN is devoted: giant mole-
cules. Known to chemists as poly-
mers, these molecules consist of hun-
dreds or even thousands of relative-
ly simple molecules linked in chains.
The giant molecules of such sub-
stances as proteins and nucleic acids
comprise the basic fabric of living
matter. Now giant molecules un-
known in nature are synthesized bv

man to make fibers, plastics and a
host of other useful materials. The
pattern on the cover schematically
depicts a short section of the poly-
mer chain of nylon 66 and the sim-
pler molecules of which it is made;.
The chain begins at the lower left
and ends at the upper right. Carbon
atoms are represented by black
balls, hydrogen by yellow, nitrogen
by blue and oxygen by red. At the
lower left center is the molecule of
hexamethylenediamine; at the low-
er right, that of adipic acid. When
these two molecules are joined by
the process described in the illustra-
tion at the bottom of pages 86 and
87, they form the basic repeating
unit of the nylon chain. Although
the nylon chain on the cover twists
and turns, the angle between any
two bonds in the backbone of the
chain remains the same. This repre-
sents in two dimensions the angle of
the bonds between a carbon atom
and its two neighbors in the chain.
The angle of bonds is 109.5 degrees.

THE ILLUSTRATIONS

Cover by Eric Mose

Page Source

80 Paul Weller

82-85 Sara Love

86-87 Amy Kasai

88-89 Bunji Tagawa

90 Cornell University

91-96 James Egleson

97 Sol Libsohn

98-104  James Egleson

120 Paul Weller

122 Bell Telephone Labora-
tories (top left, top
right and bottom left),
Princeton  University
(bottom right)

124-128 Bunji Tagawa

133 General Electric Re-
search Laboratory

139-145 Amy Kasai

146 Paul Weller (top), Phil-
lips  Chemical Com-
pany (bottom)

148-150  Sol Libsohn

152 Sol Libsohn (top), Paul
Weller (bottom)

156 University of Leeds

157 Irving Geis

158-159 Irving Geis (top), Uni-
versity of Leeds (bot-
tom)

160 Universitv ~ of  Leeds
(top), TIrving  Geis
(bottom)

162 Irving Geis

Page Source

164 Celanese Corporation of
America (top), E. L
du Pont de Nemours &
Co. (bottom)

166 Sol Libsohn

173 Hilda Hortens

174-175  Amy Kasai

176-182 Eric Mose

189 Columbia University

190-191 Irving Geis

192 Irving Geis (top), Massa-
chusetts Institute of
Technology (bottom)

194 Irving Geis

196 Sara Love

204-205 Massachusetts Institute
of Technology

Bunji Tagawa

Massachusetts Institute
of Technology (top,
second from top, fourth
from top, bottom ) ; An-
drew G. Szent-Gyor-
gyi, Marine Biological
Laboratory, Woods
Hole, Mass. (third from
top)

Massachusetts  Institute
of Technology.

Bunji Tagawa

214-2 Massachusetts
of Technology

Roger Hayward

206
208

Institute

© 1957 SCIENTIFIC AMERICAN, INC




News about

BF.Goodrich Chemical - =areria

The versatile family of

Geon vinyl chloride polymers
perfected by B.F.Goodrich Chemical
can contribute to your new products

A’I‘HOUGH polyvinyl chloride
was known for years, it long
remained a laboratory curiosity until
one of our scientists learned to make
itinto a workable, useful plastic. Geon
polyvinyl materials are an example of
how B.F.Goodrich Chemical research
works for you, providing new lati-
tudes for development of products in
the plastics, rubberand chemical fields.

Forexample,today theusesfor Geon
polyvinyl chloride resins are legion—
rigid pipe to flexible electrical insula-

tion, protective coatings to foam pad-
ding, phonograph records to paint
binder.

In the future, Geon will set new
highsina plastic’sability to withstand
working heat. Rigid foamed Geon—
extruded in sheets and various shapes
—will make light, strong and func-
tional products that insulate against
heat and electricity.

In cement and mortar, Geon will
improve adhesion and permit thinner
walled construction. Durable die cast

THE FOUR BASIC FORMS OF GEON MATERIALS

S

(-

RESINS PLASTICS

—4

LATICES

POLYBLENDS

parts of all kinds will be made of
Geon. Geon will introduce new con-
cepts of fabrication; double and triple
production for plastic product makers
—with minimum capital investment
for new equipment.

For suggestions on applications
of Geon, write Department GM-1,
B.F.Goodrich Chemical Company,
3135 Euclid Avenue, Cleveland 15,
Ohio.Cableaddress: Goodchemco. In
Canada: Kitchener, Ontario.

B.F.Goodrich Chemical Company
a division of The B.F.Goodrich Company

B.EGoodrich GEON polyvinyl materials + HYCAR American rubber and latex + GOOD-RITE chemicals and plasticizers « HARMON colors
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A report to American Industry regarding:

the development of

Many of the country’s important

E industries in a wide variety of fields

were quick to recognize the vital

role that urethane can play in its vast range

of applications. Included is its demonstrated

ability to improve existing products, make

new ones possible, and effect substantial
savings on labor and material costs.

Whether in flexible, semi-rigid, rigid,
foamed-in-place or custom-made formula-
tions to suit specific requirements, this ver-
satile synthetic foam opens up vast new
profit opportunities for you.

Although some have entered the ure-
thane producing field from other lines, it is
logical that manufacturers look to Dayton
Rubber for leadership and important new
developments, due to the company’s wealth
of successful experience in pioneering with
elastomers, including natural and synthetic
rubbers and urethanes, over the years.

For Dayton Rubber the advent of
"POLY-KOOLFOAM?*, the improved ure-
thane, was a natural technological evolution.
You would expect this from the manufac-
turer of the first cold rubber tire, a co-
owner of Copolymer Corporation’s great
synthetic rubber plant, the co-producer of
the patented Talalay foam, the holder of all
major urethane licenses, the operator of the
largest and most advanced machine in Amer-
ica for production of preformed urethane!

Urethane formulations

Dayton Poly-Koolfoam includes a
complete line of improved formulations of
preformed flexible urethane in sheets, rolls
and blocks, in a wide range of densities,
compressions and colors. .. with varying
physical, chemical and thermal properties
as desired.

For foamed-in-place applications,
Dayton Rubber features liquid or “ready-
mix” prepolymers for both flexible and rigid
foams. .. in standard or custom formula-
tions for every need. Our development of
new, slower-reaction chemicals results in a
superior cell structure with vastly improved
processing control.

DAYCOLLAN * is the name for
Dayton’s cast urethane, compounded and
cast to custom specifications, and supplied
to industry as finished mechanical com-
ponents. All Daycollan has the common
properties of high energy absorption with
exceptional Shore hardness, tear strength
and abrasion resistance.

Dayton Rubber’s research chemists,
engineers and service staff, backed by an
incomparable back-log of experience in six
great plants, are ready to advise and assist
you in assignments involving immediate or
potential uses of Poly-Koolfoam and Day-
collan, in any of its types. Write or wire for
full information now, giving your require-
ments. Also ask us for informative literature
and samples today!
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*Registered U.S. Patent Office
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TIRES i

Dayton Thorobred passenger
car and truck tires, both
tubeless as wall as tube»type,
in a complete range of sizes.

LB

o W

FOAM PRODUCTS

Koolfoam latex plllows, mat-
tress pads, matlresses, and
molded furniture cushions.

V-BELT DRIVES

Dayton offers the most com-
plete ling of V-Belts for every
power tramsmission need,
from fractional to 1000 HP,

VACUUM HOSE

Lightweight, plastic, flexible
Dayflex is the largest selling
hose for the vacuum cleaner
industry and many other uses.

S—

=~"L DPW

PRINTING

Dayco offset and letterptess
rollers, Gold Seal offset
Blankets, Color Separators
and Fountain Dividers for all
makes of printing presses.

Dayton manufactures a com-
plete line of natural and syn-
thetic rubber textile machin-
ery quality parts for spin.
ning and weaving operations,

ll.ll!ll-‘l‘o-Mﬂ'Al.
Metalastik includes rubber-
to-metal products, made to
specific requirements, for
vibration and noise control.

THE DAYTON RUBBER COMPANY, OHIO “""0'""“‘“"’“‘“

DAYTON 1,
6
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Progress with TI1TANITUM

. = MST 6AI1-4V nrANfUM o
S rg - 17-7 py SIAINLESS s7gg, -
¢,
| 4'!4,& [ T ] T
%y NICKEL-CHROME ALLOY
‘QO,.

18-8 SERIES STAINLESS STEEL

TITANIUM ON TOP

in medium-high temperature range

Today’s most popular titanium alloy, MST 6Al-4V,
excels all other metals in strength to density ratio
through 900°F. At room temperature, considering only
strength, a part made of this alloy need have only 609,
of the weight of the equivalent part in stainless steel.

Performance for extended times at elevated tempera-
tures is likewise good. In typical creep tests, with 19
permanent deformation allowed, MST 6Al-4V alloy
shows 100,000 psi allowable stress at 750°F for 1 hour;
77,000 psi at 100 hours; 65,000 psi at 1000 hours.

Meanwhile new alloys extending the elevated tempera-
ture usefulness of titanium—to as high as 1000°F—are
now emerging from the laboratory into production.

Write Dept. C-5 for copy of *“Titanium Alloy Properties”

SELECTION GUIDE TO MST ALLOYS

Typical Mechanical Properties of Annealed Titanium and its Alloys

Ultimate

Tensile Yield Elonga-
Form Strength, Strength, tion
psi psi *
COMMERCIALLY PURE
TITANIUM
MST Grade 111 . . . . .. .. Sheet, Bar 70,000 50,000 25
(3 different strength levels) Sheet, Bar 85,000 65,000 23
TITANIUM ALLOYS Sheet, Bar 100,000 80,000 20
MST 6AI-4V
Annealed . . . . ... .. .. Bar 140,000 130,000 15
Age hardened (1) . . . .. .. Bar 165,000 155,000 12
Age hardened (2) . . ... .. Bar 180,000 165,000 10
Annealed . . o o o .. .. .. Sheet 140,000 125,000 12
MST3AISCE o 4 0 o 0 v 0 v v Bar 155,000 145,000 13
MST4A4Mn . . . . . . ... Bar 150,000 140,000 14
MST8Mn . .......... Sheet 137,000 125,000 16
(1) 1650°F—1hour—=WQ; 1100°F—2 hours—AC WQ—Water Quench
(2) 1700°F—1 hour—WQ; 1000°F—8 hours—AC AC—Air Cool

* Values for 1”7 on bar and 2” on sheet

MALLORY @ SHARON

MALLORY-SHARON TITANIUM CORPORATION - NILES,OHIO

ducers of titanium and titanium alloy sheet, strip, plate, rod, bar, billets
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DEVELOPING 5o MAGNETS

Determination of proper particle size, shape and structure made
possible by RCA Electron Microscope at Fullam Laboratories.

"'Q-
4 v

ELECTRON
MICROGRAPHS

Magnetic Particles Ferritic Particles

Studies made at the laboratories of Ernest F. Fullam Inec.,
Schenectady, using the RCA Electron Microscope, have led to
the discovery of a new material. The new material promises
stronger, smaller, more versatile magnets than any now available.
It is composed of microscopic particles of iron, lined up
parallel to one another and pressed together in a matrix of
nonmagnetic substances.

According to Mr. Fullam, *‘Only through the use of the RCA
Electron Microscope has it been possible to determine the most
desirable particle size, shape and structure for producing the
strongest magnets.”” Through the use of the selected area electron
diffraction feature, the crystallographic orientation of the indi-
vidual particles is also determined. In a similar manner, the
desirable features of particle structure, size and orientation of
ferritic materials such as used on magnetic tapes have been
determined by use of the electron microscope.

Wherever industrial research men and consultants to industry
are on the threshold of achievement, developing new products,
advancing quality control, improving economy of operations, in
all probability the RCA Electron Microscope is making its own
contribution. Like other famous RCA products, these instruments
derive their reputation for superiority from unmatched engi-
neering. Compact, one-piece units, they assure operating ease
and convenience with safety and reliability. Installation super-
vision by the RCA Service Company and contract service are
available to keep your equipment at its peak.

Additional information on the features, construction and
operation of the RCA Electron Microscope is yours
for the asking.

Write to RCA Dept. X-111, Building 15-1, Camden, N.J.

RADIO CORPORATION of AMERICA

CAMDEN, NEW JERSEY

®

Temkily
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YTTRIUM

Availability of high purity yttrium and rare earth oxides

Only three years ago, most high purity
rare earths were little more than labo-
ratory curiosities.

Today they are extensively used for

A report by LINDSAY

an amazing variety of chemical and
industrial applications.

What happened? Lindsay techni-
cians pioneered the first commercially

TYPICAL MAXIMUM IMPURITIES IN LINDSAY PURIFIED RARE EARTH AND YTTRIUM OXIDES

ATOMIC % RARE EARTH MAXIMUM
NO. OXIDE CODE f PURITY IMPURITIES AS OXIDES
528 99.99 0.01 Pr, 0.001 Ce.
S| (SRS SEEL M LTINS 529 | 99.997 | 0.0025 Pr, 0.0005 others
215 99.8 0.2 (largely La + Pr + Nd).
SO | (Sl T L] 216 | 99.9 | 0.1 (largely La + Pr + Nd).
726 99 1la + Nd + smaller amounts of
59 Prs0,,. PRASEODYMIUM OXIDE Ce and Sm.
729.9 | 99.9 0.1 Ce + Nd.
628 95 1-4 Pr, 1-4 Sm, 0.5-1 others.
60 Nd203.  NEODYMIUM OXIDE 629 | 99 0.1-0.4 Pr + 0.1-0.4 Sm + 0.5 others.
629.9 | 99.9 0.1 (largely Pr + Sm).
822 99 0.2-0.7 Gd, 0.2-0.6 Eu, and
62 Sm,0;. SAMARIUM OXIDE smaller amounts of others.
823 99.9 0.1 (largely Nd + Gd + Eu).
1012 98-99 1-2 Sm + smaller amounts of Nd +
63 Eu,0;. EUROPIUM OXIDE Gd -+ others.
1011 99.8 0.2 (largely Sm + Gd + Nd).
928.9 | 99 1 Sm + Eu + trace Tb.
G [ L ST EL LIS 9299 | 99.9 | 0.1Sm + Eu + trace Tb.
1803 99 1Gd + Dy + Y.
65 Tb,0;. TERBIUM OXIDE 1805 99.9 0.1Gd + Dy + Y.
1703 99 1 (largely Ho + Y + Tb + small
66 Dy,0;5. DYSPROSIUM OXIDE amounts of others).
1705 99.9 0.1 Ho + Y + traces of others.
1603 99 1 (largely Er + Dy + small amounts
67 Ho,0;. HOLMIUM OXIDE of others).
1605 99.9 0.1 Er + Dy + traces of others.
1303 99 1 Ho + Dy + tracesYband Y.
68 | Erp0;. ERBIUM OXIDE 1305 | 99.9 0.1Ho + Tm.
1405 99.9 0.1 Er + Yb + trace Lu.
69 | Tm20s. THULIUM OXIDE 1403 | 99 1Er + Yb + trace Lu
1201 99 1 Er + Tm + trace Lu.
LN PEEL B UL LT (.41 1202 | 99.9 | 0.1 Tm + trace Lu + Er.
1503 99 1 Yb 4+ Tm + traces of others.
g (S CCE ke S S 1505 | 99.9 0.1Yb + Tm + traces of others.
1112 99 1 Dy + Gd + traces Tb and others.
39 Y,0;. YTTRIUM OXIDE 1115 99.9 0.1 Dy + Gd + traces Tb
1116 99.9+ Approx. 0.05 Dy + Gd.

PLEASE ADDRESS INQUIRIES TO

[ inDSAY (HEMICAL (OMPANY

264 ANN STREET, WEST CHICAGO, ILLINOIS

© 1957 SCIENTIFIC AMERICAN, INC

installed ion exchange unit for the pro-
duction of separated rare earths. The
process was patterned after techniques
developed by Doctors Spedding and
Powell of the Institute for Atomic Re-
search at Ames, Iowa.

Lindsay’s pilot plant rare earth ion
exchange installation had 40 six-inch
columns. This unit made purified rare
earths available to industry for the first
time in practical, even though still
limited, quantities.

The response from industry was so
enthusiastic, we were forced to expand
our ion exchange facilities rapidly. To-
day we have in continuous operation
more than 100 columns with large pro-
duction units of eighteen-inch and
sixty-inch diameters.

With our larger production
facilities, we are now making
prompt shipments of high pu-
rity yttrium and rare earth
oxides in quantities from a gram
to hundreds of pounds.

COSTS GREATLY REDUCED

Of course, as production of purified
rare earths increased, costs came down.
For example, only three years ago Ter-
bium Oxide cost $500 a gram. Today
you can obtain moderate size lots at
less than $3 a gram.

Now that you know these high purity
oxides are so readily available and the
cost so remarkably low, what are you
waiting for?

Rare earths, in purities up to 99.99%,
have captured the interest and imagina-
tion of scientists in many industries as
valuable new tools for the improvement
of processes and products.

Your research, product development
and production people should investi-
gate the possibilities of these materials.
Our bulletin “Purified Rare Earth and
Yttrium Oxides” will give you detailed
information and prices.



OPERATIONAL INFORMATION SYSTEMS discussed by Hawnk Bechard

Fundamentally, Operational Information Systems are
designed to provide immediately available digital in-
formation about selected physical phenomena affecting
a process. Such information can be related to plant
operating efficiency or used continuously to check
product specifications. At present such process trend
information is computed manually, and results are
usually not available for several hours after corrective
measures could have been instigated. The design goal is
to obtain an information gathering system W%]iCl will
provide data on a real-time basis so that such corrections
may be made immediately.

If properly designed, an Operational Information
System can be made to provide better process infor-
mation than is now being obtained by tailoring
individual data-collecting systems for each specific
function of a process. The versatility achieved with this
approach is characterized by the fact that data-handling
modifications of the Operational Information System
are made possible without having to resort to redesign.
Thus, adding to or expanding the System is readily
accomplished within the limitations of the computing
and memory capacities designed into it. The changes can
also be made rapidly without the loss of any information
pertaining to the physical phenomena being studied.

The design of a universal system of this type implies
functional construction. Its distinctive feature is that it
incorporates a specially designed digital computer as the
fundamental building block. Analog to digital conver-
sion as well as input scanners and output recording
components are tlll)en added to it. And in contrast to
special purpose computing elements, the Operational
Information System features completely flexible internal
programming.

In the conventional data-logging system, program-
ming is accomplished by means of an input switching
system where an additional contact for each input 1s
needed in conjunction with a patchboard in order to
introduce the specific instruction peculiar to the input.
In the Operational Information System, pinboards or
patchboards—accessories to sequence-scanning devices
—are entirely eliminated. Programming is accomplished
by punching paper tapes with all the necessary instruc-
tions and feeding this information into the computer
where it is stored magnetically. The instructions can
therefore be varied at any time without making any
physical changes to the equipment. A single memory
unit is incorporated for all memory requirements such
as: scanning sequence, sampling schedules, lineariza-
tions, scaling factors, range suppressions, alarm levels,
alarm conditions, temperature and pressure values for
flow adjustment, computation instructions, etc. Since
this memory unit is designed to permit random access,
the greatest freedom is available to schedule sampling
rates and sequences. For instance, the repetitive scanning
of a selected input may be intermingled with single
sequential scanning of other inputs.

Henry L. Bechard, administrative engineer,
describes Operational Information Systems.

In the Operational Information System all analog
voltages are converted to the digital form before any
operations whatever are performed upon them. By
digitizing the voltages immediately, and not operating
upon them in the analog form, inaccuracies introduced
by analog computations are completely avoided. This
is particularly important in the more intricate com-
puting operations, and guarantees digital accuracy for
all operations.

Progressive industrial management has invested in
conventional data-logging systems primarily in the
interest of gaining experience in this area. Time and
again such experience has yielded significant process in-
formation leading to improved plant performance and
more economical operation, and in scattered cases has
even led to minor loop control.

The concept of the Operational Information System
capitalizes upon this accumulation of experience gained
in data-handling and process control and now, in a single
versatile system, takes the boldest step yet forward
toward filling industry’s ultimate goal of “closing the
overall process loop.”

By applying the latest proven techniques, our well-qualified staff
at Daystrom Systems is prepared to take single responsibility of
assembling and installing a system to meet your needs. We are cur-
rently compiling a file of new applications and papers on various
parts of systems, both industrial and military. If you ane interested
in receiving the file and periodic additions, please write to Dept. 13.

l D’STROM SYSTEMS

Division of Daystrom, Inc., 5640 La Jolla Boulevard
La Jolla, California Telephone Glencourt 4-0421
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Deep cooked...and always uniform in color and flavor

A horizontal vaporizer (above) is used
by the Wise Potato Chip Co. Low
pressure performance (144 p.s.i. at
750°F.) of Dowtherm permits the use
of compact, thin-walled equipment.

Wise Potato Chip Company solves uniform process heating problem
with Dowtherm, Dow heat transfer medium

Faced with the unique problem of deep
cooking uniform color, taste and crisp-
ness into their chips, a few years ago
the Wise Potato Chip Company, Ber-
wick, Pennsylvania, sought the answer
to maintaining a constant temperature
with varying heat loads.

Intense examination of many heating
systems led the Wise Potato Chip
Company to select an entirely closed
heating system using Dowtherm® as
a vapor heating medium.

These results were soon apparent:
Now heating efficiency is very greatly

improved. Fuel costs are reduced.
Fire hazards are reduced because with
Dowtherm the heating source is placed
far from the processing area. Quality
is controlled more easily by the use of
Dowtherm.

For your own peace of mind, if you
have a process heating problem rang-
ing from 350° to 750°F., we advise
you to talk with us. We might have
the answer that will improve your prod-
uct—and save your company money.
THE DOW CHEMICAL COMPANY, Mid-
land, Michigan, Dept. BD 845L-1.

YOU CAN DEPEND ON
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Anofher first for 3M Résearch...
NOW...POLYESTER FILM
YOU CAN HEAT SEAL!

Impossible? Not any more! “Scotchpak’ Brand Polyester Film takes a
seal as tough as the film itself—and easily: a temperature of 275° to 359°F.
and 20-60 psi is all that’s required.

“Scotchpak™ is the perfect packaging material for critical.applications
where inertness of the wrapper and protection of the contents under extreme
temperature conditions is vital. It resists most solvents and chemicals, has
high moisture inertness and high tensile strength.

Youcanuse “Scotchpak” for packaging such varied products as cosmetics,
acids, syrups, silverware, oils, greases, adhesives, asphaltics, catsup and
mustard, surgical dressings—and many others. It even makes an ideal
container liner or insulation pillow.

For more information, send for the folder described at right,

TRADEMARK

“SCOTCHPAK”

BRAND

HEAT-SEALABLE POLYESTER FILM

The term *“‘SCOTCHPAK” is a trademark of Minnesota Mining and Manufacturing Co., St. Paul 6, Minn. Export Sales Office: 99 Park Ave., New
York 16, N.Y. In Canada: P.O. Box 757, London, Ontario. © 3M Co., 1956.
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Look what you
can do with it!

ACIDS or volatile chemicals can be pack-
aged easily, handled safely, shipped
without fear in heat-sealable containers
of new “Scotchpak” Polyester Film. Also
lines drums and cartons.

FOOD ITEMS are packaged safely in clear-
as-glass “Scotchpak” Film. Contents can
be frozen . . . even boiled right in the
package. Low gas penetration rate . . .
inert and non-toxic.

METAL PARTS can be packaged dry or in
oil or grease to protect them against cor-
rosion. Transparent packages are easy
to handle, easy to ship and to store.
Simplifies issuing of parts and units,

FREE FOLDER shows dozens of ways you
can solve your most difficult packaging
and shipping problems with new “Scotch-
pak” Polyester Film. Just write on your
letterhead: Film Products Group, 3M
Co., St. Paul 6, Minn., Dept. PU-97

',onucr Op

‘%<<4’

Resgarc®




Building-blocks for

Today’s new plastics spring from infinite imagination. Yet
the best of them have the strict functionalism of a work-
horse. To succeed, they must be wholly practical.

A good example is GREX — one of the newest. Fundamen-
tally it is a type of polyethylene, a familiar, dependable
plastic resin long since broken to harness, well suited to
varied but limited tasks.

Imagination — and knowledge — now transform this mate-
rial into a completely new substance. Its molecules are re-
arranged, re-aligned, tightly compacted. Now it can be used
to provide new strength and rigidity in manufactured arti-
cles. Highly resistant to heat, it can be sterilized by boiling.

It resists chemicals and solvents as well. It is an effective
barrier to moisture-vapor transmission. It has a rich, glossy
appearance. And for all the difference in its performance,
GREX can be made into finished products by conventional
methods such as molding, extrusion and vacuum forming.

*TRADEMARK FOR W, R. GRACE & co0,S POLYOLEFINS

a brand new plastic

Still functional, yes. But the scope and number of func-
tions has been enormously increased.

Your own imagination and knowledge may suggest impor-
tant new uses for GREX. To learn more about this remark-
able product, simply write to us on your business letterhead.

GREX

W. R. GRACE & CO.

POLYMER CHEMICALS
DIVISION

Offices
Clifton, N. J.

Plant
Baton Rouge, La.
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FOR YOUR INFORMATION

10 useful properties of plastics and fibers

Giant molecules do things better.

That’s why we are interested in
them in the form of plastics, res-
ins and man-made fibers.

Just ten ways better? Hardly.
The ten major properties we are
going to cite are certainly basic,
useful properties. But taken indi-
vidually they do not fulfill a prac-
tical application.

Other materials claim many of
these properties. But as a class,
synthetic giant molecules are
more versatile in combining them
for usefulness and aesthetic
appeal.

This check-list then is first of
all a singling out of one desirable
asset from among many. It is also
a demonstration of how Allied
Chemical plastic and fiber prod-
ucts can meet specialized needs.

1. Toughness

Many high polymers are tough or
attractive, but CAPROLAN poly-
amide fiber successfully manages
the difficult combination of tough-
ness and beauty. This toughness
is combined with a rich, long-last-
ing color for upholstery fabrics,
carpeting and similar strength-
beauty applications. The secret of
the color is in CAPROLAN’S com-
plete dye absorption.

CAPROLAN also makes an amaz-
ingly durable — and safe — tire
cord, or a sturdy rope with all the
properties of conventional nylon
— plus extra values of its own.

2. Durability
There are more than five dozen
different PraskoN alkyd coating
resins, and the property they have
in common is the ability to build
different kinds of durability into
a product easily. They also can
add gloss, adhesion, color reten-
tion and flexibility to a coating.
PraskoN alkyd appliance coat-
ings, for example, are soap- and
alkali-resistant, and they bend
with the steel sheet if it is dented.
This flexibility is also useful in
making non-cracking coatings for
venetian blinds. The fine weather-
ing properties of alkyds are shown
in outside paints of all kinds.

14

3. Hardness

Many materials are hard, few can
be fully colored. PraskoN mela-
mine molding compound has out-
standing hardness from the sur-
face all the way through. Yet it
can be produced in any color from
the purest white through delicate
pastels and rich hues to midnight
black.

The products which capitalize
on these assets? Smartly styled
and break-resistant melamine din-
nerware is one of the most familiar.
Others range from cutlery handles
to fine chess sets, or anywhere
solid color is to be combined with
durable molded parts which can-
not chip, craze, crack or peel like
painted surfaces.

4. Chemical Stability

From fluorine, the most active
element, come some of the most
stable compounds, the fluorocar-
bons. GeNETRON Plastic HL (a

DIVISIONS

Barrett

General Chemical
National Aniline
Nitrogen
Semet-Solvay
Solvay Process
international

llied

hemical

high molecular weight polymer
of trifluorochloroethylene) is not
attacked by inorganic acids, al-
kalis, oxidizing agents and most
organic compounds. Most import-
ant, it retains useful properties all
the way from -320° F. to as high
as 390° F.

Extruded as a film, GENETRON
Plastic HL has a unique combina-
tion of qualities. With high moist-
ure and gas impermeability, and
transparency, it is better than
laminates for many applications.
The plastic is suited for electrical
applications, electronic compon-
ents, laboratory ware, piping and
tubing — just to mention a few of
its possibilities.

5. Impact and Tempera-
ture Resistance

PraskoN nylon is a new type of

nylon molding compound — a

polymer of polycaprolactam, gen-

erally known as “nylon 6.” It has

TOUGHNESS: Caprolan upholstery fiber

£ -
oy L |

FINISH: Injection molded polyethylene

© 1957 SCIENTIFIC AMERICAN, INC

EASE OF FABRICATION: Polyester boat hulls



the assets associated with nylon
molding compounds: strength,
light weight, self-lubrication, high
melting point, abrasion- and sol-
vent-resistance. It also adds a few
of its own: ease of molding, con-
trollable crystalline structure, and
ease of colorability.

These properties make PLAskON
nylon molding compound well
suited for sterilizable equipment
in hospitals and restaurants, cor-
rosion-resistant fasteners and
shower door rollers, self-lubricat-
ing gears and bearings, textile
bobbins and lighting fixtures and
heavy-duty industrial parts.

6. Built-In Color
Solid color objects have a deep-set
lustre and permanence thatare use-
ful as well as handsome. PLAsKON
urea molding compounds can be
tinted in virtually any color, and
the color is unatfected by com-
mon organic solvents, soaps, oils
and greases. Moldings are hard,
smooth and scratch resistant.
This combination makes urea a
popular molding material for cos-
metic containers and closures, for
colorful and long-lasting buttons,
for heat-resistant appliance knobs
and handles. A special housing-
type compound is molded to make
colorful cabinets for radios, tele-
vision sets and adding machines.

7. Finish

Finish of injection molded poly-
ethylene depends on the flow
property of the resin. One effect-
ive solution is using low molecu-
lar weight A-C polyethylene in
the mix to improve flow. The en-
tire appearance of molded articles
is improved with the use of this
polymer as a modifier: color dis-
persion is improved, and the use
of polished molds gives a high-
gloss finish. It is also economical,
for the faster cycle time results in
increased production and decreas-
ed costs.

Low molecular weight A-C
polyethylene is used in the injec-
tion molding of toys, housewares
and such large items as quiet trash
cans that won't corrode, leak or
dent. In its emulsifiable form, A-C
polyethylene is used to produce
superior emulsion polishes. It adds
durability, toughness without
hardness and non-slip properties
to household and industrial floor
polishes, car polishes, shoe polish-
es and other coating formulations.

8. Environmental Stability

One of the newest polymer prod-
ucts is high molecular weight A-C
Polyethylene Pipe Compound,
based on a distinctly different

The raw materials of polymers are mono-
mers, and Allied is interested in both. A
creative research program supports its
position as the leading producer of indus-
tria! chemicals.

In the mushrooming field of urethane
foams, for example, National Aniline Divi-
sion makes one of the key ingredients —
NACCONATE diisocyanates (which are com-
bined with PLASKON npolyester resins, or
other materials containing three reactive
groups, to yield urethane nplastics). Ure-
thanes have been attracting attention even
in the exciting plastics field, opening up
such new areas as foamed-in-place insula-
tion for refrigerators, boats, aircraft, flex-
ible foams for carpet pads and upholstery,
and interlining tor coats.

National Aniline also makes caprolactam
monomer (the starting material for poly-
amide fiber), and raw materials for plastics
and fibers, including adipic acid, maleic
anhydride, fumaric acid, phthalic anhydride,
aniline and curing agents.

Another interesting monomer is Solvay
Process Division’s vinyl chloride, the base
material for polyvinyl chloride. Shower cur-
tains, rainwear and packaging are a few
applications which capitalize on vinyl's
toughness and low water absorption. Solvay
also makes ammonium chloride, used as a
catalyst in urea resins and other plastics,
and methyl chloride and aluminum chloride,

Big molecules from little ones

Vinyl garden hose

which play integral parts in butyl rubber.
SOLVAY caustic soda and chlorine are also
important in the production of giant
molecules.

Many intermediate building blocks for
high polymers come from Nitrogen Division,
whose products include formaldehyde, me-
thanol, urea, urea-formaldehyde concen-
trate, ethylene oxide and glycols, and
ethanolamines.

And General Chemical Division, in addi-
tion to its fluorocarbons, is a leading sup-
plier of sulfuric, nitric and many other
industrial acids.

Barrett Division, Allied's largest producer
of high polymers, also manufactures plasti-
cizers, solvents, maleic anhydride and
phthalic anhydride.

polyethylene resin made at low
pressure. This amazing new plas-
tic has high bursting strength, re-
sistance to impact, shows no
stress cracking, has superior heat
resistance and is resistant to chem-
icals, organic solvent and hydro-
carbon liquids.

The unique combination of these
properties in high molecular
weight A-C Polyethylene Pipe
Compound makes a superior plas-
tic- pipe, but biggest future uses of
this and related compounds are
not yet known. Likely candidates
are films, sheets, moldings and

fibers.

9. Simplicity of Fabrication
PLaskON polyester resins rein-
forced with glass fibers are ther-
mosetting plastics that cure at
either room or elevated tempera-
tures. They offer these desirable
properties: high strength, dimen-
sional stability, color, light weight
and durability. The high strength-
to-weight ratio of reinforced poly-
ester resins makes these materials
anywhere from half to several
times as strong as structural steel.

These versatile materials are
being successfully used for dur-
able boat hulls and car bodies,
translucent panels, and sturdy
modern furniture.

The capitalized product designations on these pages
are Allied Chemical trademarks,
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10. Economy

Almost any property can be built
into a product. But PLaskoN phen-
olic resins offer the broadest range
of properties while remaining one
of the cheapest plastics in price.
Some of these properties are ex-
cellent heat resistance and chemi-
cal resistance, strength and di-
mensional stability.

As molding compounds, PLas-
KON phenolics are used for electri-
cal applications, housings for tel-
ephones, appliance handles and
washing machine agitators. Phen-
olic resins make excellent lamin-
ates, industrial or decorative
(such as burn- and stain-resistant
table tops). One of the newest
resins is a very high temperature-
resistant phenolic for aircraft
components.

* ok 3k

If you want to know more about
any of these products, write to In-
formation Service, Allied Chemical,
61 Broadway, New York 6, N. Y.

Two of them are more recent
developments, and their availabil-
ity is limited. GENETRON Plastic HL
is available only in experimental
quantities, while the entire produc-
tion of A-C Polyethylene Pipe Com-
pound is committed and not avail-
able for general distribution at this
time.

I5



1 LETTERS

Sirs:

George E. Henry’s article “Radiation
Pressure” [ SCIENTIFIC AMERICAN, June|
contains the statement: “Light beams
will not propel our vehicles or push open
| our doors.” I think, with all due respect
to Mr. Henry’s knowledge on the subject
of radiation pressure, that he should have
considered studies in this field by Dr.
Eugen Singer and various projects on
the part of leading aircraft companies
in this country in the field of propulsion
by radiation from intense fields of light
created by some nuclear means. So-
called “photonic propulsion” has come
in for extensive and serious scientific in-
vestigation in the past few years. |
think commentary on this subject should
have been included.

PrrT TysoN MANER, |R.

Montgomery, Ala.

putting
giant
molecules
through
their

Sirs:

It is quite true, as Mr. Maner points
out, that competent and sober theoreti-
cal study has been given to the subject
of photonic propulsion. It is in the best
creative engineering tradition to con-
sider seriously any technical principle
whatever that holds out the slightest
hope of solving a particular techno-
logical problem. Subsequent critical

paces

Scientific American, September, 1957; Vol. 197,
No. 3. Published monthly by Scientific American,
Inc., 415 Madison Avenue, New York 17, N. Y.;
Gerard Piel, president; Dennis Flanagan, vice
president; Donald H. Miller, Jr., vice president

The new substance has been created. Giant molecules and treasurer.

have .bCCn m?nlpullated’ combm'ed through the magic of Editorial correspondence should be addressed to
organic chemistry into a material that has never before The Editors, ScientiFic AMERican, 415 Madison
existed Avenue, New York 17, N. Y. Manuscripts are

submitted at the author’s risk and will not be

Will i . 5 returned unless accompanied by postage.
Vall it measure up to expectations:

When the time for testing comes, the Instron can be counted Advertising correspondence should be addressed
N . . to Martin M. Davidson, Advertising Manager,
on to put it through its paces . .. to measure its charac- SciExTiric AMERicAN, 415 Madison Avenue, New
L . . . York 17, N. Y
teristics with an electronic accuracy unequaled in the field | o
of physical testing equipment. Subscription correspondence should be ad-
dressed to Jerome L. Feldman, Circulation Man-
The Instron teams this unmatched accuracy with a versa- ager, ScENTIEle AMERican, 415 Madison Avenue,
39 o .. New Yo s N. XL
tility that brings new standards of precision to every field
4 e 1 1 Change of address: Please notify us four weeks
of material testing . . . from acetate to zirconium. in advance of change. 1f available, kindly furnish
. . TP an address imprint from a recent issue. Be sure to
The Instron comes in va- For f[IClS boo,del) wrile give both old and new addresses, including postal
rious models and sizes, to s o zone numbers, if any.
suit the widest applications l N I R N v . )
_fo tests under all sorts Subscription rates for U.S.A. and possessions: 1
f U 8 tal ndi ENGINEERING CORPORATION .‘ year, $5; 2 years, $9; 3 years, $12.50. Canada and
of enuvironmenial condi= 446 Hancock St Q1li’l€ 71. Mass Latin America: 1 year, $6: 2 years, $11; 3 years,
tions. ILLUSTRATED: o aney 1, 428 Nlrre xS s15.
FLOOR MODEL—/oad ranges ’
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with o polymer us versufile us this

® Strong and durable in thin
sections.

e Light weight (one-half the
weight of aluminum).

o Easily formed, punched,
corrugated and cold embossed.

® Resists hard blows and
abrasion—cannot rust or corrode.

® Bonds well with adhesives—
can be riveted, stapled, stitched.

e Will take paint, varnish,
lacquer or vinyl finish.

@ Can be colored in manufacture
in production quantities.

o Chemically inert, has
no odor and absorbs no odor.

® Can be combined with metal-
lic and non-metallic materials.

o Has low thermal conductivity
and good dielectric strength.

® Available in sheet, rod and
tube forms.

The virtues of National
Vulcanized Fibre—a cellulosic
plastic—don’t end here. They
may give you the answer to your
current design problem.

VULCANIZED FIBRE CO,
WILMINGTON 99, DELAWARE

'.@/ NATIONAL
o

In Canada:
NATIONAL FIBRE CO. OF CANADA, LTD., Toronto 3, Ont,

For your free copy of our 20-page book-
let, "'Fibre in Industry,” write Dept. X-9.

. ,'ﬂ-r"""
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ROCKET POWER PROGRESS REPORT

Igniting Liquid Propellant Rocket Engines
by Leonard Dombras =

A research physicist in the Physics Department, Com-
ponent Development Division, Reaction Motors, Inc.,
Mr. Dombras has currently been investigating ignition
Dphenomena as applied to rocket engines. A graduate of
Rutgers University, where hereceiveda B.S. in Physics,
he has been with RM1 since 1951.

Rocket engines operate with a wide variety of liquid propellants having
various chemical and physical properties. These properties, in conjunction
with the application of the missile, dictate the type of ignition system that
will be most effective. Although the exact mechanism involved in the
ignition process is not completely understood, it is generally believed that,
under specific conditions, there exists a minimum threshold energy require-
ment below which the combustion wave does not propagate. Rocket engine
igniters are generally designed to provide this energy on a “more than
enough” basis.

Many liquid propellants require no external source of energy to achieve
ignition. Hydrogen peroxide, for example, may be catalytically decomposed
in the presence of silver or platinum metals, and many bipropellant com-
binations react spontaneously merely on contact with each other.

Non-spontaneous propellant combinations must be ignited by some
form of energy introduced from an exterior source. In early rocket experi-
ments, ignition was achieved with burning kerosene-soaked rags held at the
end of a long pole. After several explosive starts, the trend shifted to the use
of electrically fired pyrotechnic charges—a technique successfully used in
the V-2 and Viking engines and still employed in many single-shot rocket
applications. Later ignition techniques employed ultrasonics, catalytic
agents, pyrophoric fuels (which react spontaneously in the presence of an
oxidizer), electrothermal devices (operating with arcs, sparks, and heated
filaments) and torch or flame-type igniters.

The advent of piloted rocket research aircraft required lighter, more
compact ignition systems capable of repetitive starts at high altitudes and
presented several difficult problems. The experimental X-1, X-1A, and the
Douglas Skyrocket, powered with RMI engines, had four thrust chambers
which required starting during flight. To insure smooth and positive
ignition, torch-type igniters, operating with oxygen and alcohol, were
developed. Small quantities of these propellants were injected into a pre-
combustion chamber, ignited, and the resulting flame projected into the
rocket motor. This unique device provided high ignition energy, operated
at all altitudes, and assured smooth, reliable starts.

Preventing the accumulation of unreacted propellants in the combus-
tion zone is the most important factor in rocket motor starting, regardless
of the ignition technique employed. An insignificant ignition delay—in the
order of milliseconds—or a sudden propellant surge during the ignition
period can result in a buildup of mixtures that may explode with destructive
violence.

A successful rocket motor start, therefore, is a function of numerous
variables. Propellant flow rates must be accurately controlled and the
propellants intimately mixed. The mixture ratio must be ignitable, and the
ignition energy must be adequate. These factors are continuously being
investigated at RMI for the purpose of advancing rocket science.

Solving some of tomorrow’s specific rocket problems—Dby conducting
experiments pertaining to the development or investigation of theories,
principles or techniques concerning operation of rocket engines and related
equipment—is the general work of the team of specialists comprising RMI’s
Component Development Division. Our door is open to qualified men
interested in this challenging work.

If you desire one or more reprints of Mr.
Dombras’ article, or would like to receive
further information about employment at
RM], write to Information Services, Reaction
Motors, Inc., 20 Ford Road, Denville, N..J.

Power for A Progress

®
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evaluation will eliminate the impractical
solutions; meanwhile the momentary ad-
mission of these unworkables will have
had a beneficial effect on the thinking
of all concerned. Especially in rocketry,
the doors are wide open for the pro-
ponents of radieal ideas, if only on ac-
| count of the difficulty and high cost of
achieving performance by conventional
| means.

So, as early as 1947, we find Seifert
and Mills discussing a nuclear-powered
| rocket, weighing the merits of three dif-
| ferent schemes for producing thrust:
(a) emission of photons, (b) emission
of fission fragments, (c) backward ac-
celeration of an inert working substance.
Almost a decade later, Singer reviews
the same three possibilities, with certain
modifications due to his having started
from the assumption of a fusion re-
action. These and others are interesting
studies, which might well have been
mentioned in my article if I had hap-
pened to think of them.

All this, however, makes no rebuttal
of the common-sense prophecy: “Radia-
tion pressure will not propel our ve-
| hicles.” On the contrary, I find Sing-
er’s recent work a most impressive docu-
mentation of my own argument. Singer
is famous for his willingness to talk
about man-hours and dollars on a gran-
diose scale, with technical conceptions to
match. His photon rocket has a reacting
core at 100 million degrees Kelvin;
this is surrounded by gas at a modest
100,000 degrees, under pressure of
4,000 atmospheres—all this to attain a
driving pressure of a couple of ounces
per square inch. Let’s not count on any
such motor as this to move us around
from place to place.

GeorGE E. HENRY

Ultrasonics Engineer

General Engineering Laboratory
General Electric Company
Schenectady, N.Y.

Sirs:

I have read the interesting article “A
Rocket around the Moon,” by Krafft A.
Ehricke and George Gamow [ScIEN-
TIFIC AMERICAN, June].

The authors would have us believe
that only three factors must be con-
sidered to send a rocket around the
moon: theoretical calculations, effort
and luck. What they do not tell us is
that there exists a gigantic abyss of
unreliability between theory and prac-
| tice in the development of such complex
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“FIRST IN EPOXIES"

In Japan...

Only an Araldite Epoxy-
based adhesive proved
acceptable for repair of

the broken bronze Moon- Today, the world uses Araldite® Epoxy
hedl P Resins. A pioneering development of CIBA
u in Nara. )
Araldite Epoxy Resins provide a unique

and versatile combination of properties
unavailable before in one class of basic
resins...great strength with light weight,
excellent electrical properties, chemical
resistance and ability to adhere to almost
every kind of surface. Whether your needs
are developmental or production in the
fields of tooling, coating, electrical, lami-
nating or bonding, formulations based on
Araldite Epoxies can meet your require-
ments exactly.

In the United States...
Araldite Epoxy Resins
adapt to large and small
scale precision designed
structural uses, such as
this 14 ft. aluminum re-
flector. The skin of
Araldite Epoxy Resin and
glass cloth is joined to
aluminum and honeycomb
with an Araldite Epoxy
to complete structure.
Emerson & Cuming, Inc,
I.T.E. Circuit Breaker Co.

In Switzerland...

Improved efficiency and
service life for manyinsu-
lating parts of these giant
220-KV low-oil switches
was assured by use of
glass cloth with a heat-
cured Araldite Epoxy
Resin. (Mfrs: Sprecher &
Schuh AG., Aarau.)

In Switzerland...
Cross-sectional view of
straightway valve shows
how an Araldite Epoxy
Resin met mass produc-
tion, dimensional, and
other exacting specifica-
tions to improve durability
and overall efficiency of
such units in service.
(Mfrs: AG. Oederlin &
Cie., Baden.)

CIBA Company Inc., Plastics Division
Kimberton, Pa.

In the U. S. and Canada
CIBA produces basic resins only.
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NOW

foam P502 structural panels 2" x4'x 8’ at
rate of 20 lbs. min. An increase of 2400%
over batch pouring. ;

[ ' 1

NOPCO° LOCKFOAM PLASTICS it
NOPCOMETER®the proven automatic

metering, mixing and dispensing machine.

Nopco LOCKFOAM, the versatile urethane foam plastic which
when poured in place shapes itself to fill any cavity regardless of
configuration, can now be incorporated into a variety of products
on an economical production line basis with the Nopcometer.

The Nopcometer is the answer to the need for accurate, de-
pendable metering, mixing and dispensing of any of the Lockfoam
formulations at the production line automatically...and inter-
mittently. Compact portable design permits easy transfer to any
point along the assembly line for manufacture of both small and
large units.

Structural and insulating sandwich panels, trailer truck bodies,
freezer cabinets, and encapsulated electronic assemblies are just
a few of the products now being produced daily with current
Lockfoam formulations.

Lockfoams are formulated to provide any degree of rigidity
or flexibility, tensile strength, density, and thermal or electrical
properties. And with the Nopcometer manufacturers now have
a combination that opens unlimited possibilities for new manu-
facturing techniques...new product designs...and vastly better
product performance. Both are now available for large scale
volume production requirements. We await your inquiry.

1907 = 1937

90 U jeats

o

NOPCO CHEMICAL COMPANY

Harrison, N. J.

»
00niss i cHig

Plants: Harrison, N. J. - Cedartown, Ga.
Richmond, Calif. - London, Canada
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Nopcometer in operation pouring Lock- @

machines as guided missiles and space-
ships.

Complex, automatic machines are in-
herently unreliable and will remain so.
Note the many recent reports in news-
papers of guided missile failures. Even
the mundane problems our guided-
missile developers face in achieving the
accuracy, performance and reliability
| required in moderately long-range guid-
| ed missiles are nearly insurmountable.

But to believe one can develop a three-
stage rocket weighing 240,000 pounds,
so precise, so accurate and so reliable
as to have an initial velocity of 23,827
miles per hour, to pass within 1,281
miles of the moon and then return to
earth with all of its delicate electronic
equipment functioning, is certainly
naive, to say the least.

The public is being bombarded daily
by space propaganda to the extent that
not only the layman, but also many who

| should know better, believe that a trip
| to the moon is merely a matter of a few
| years’ effort and of having someone foot
the bill.

Project Vanguard enthusiasts initially
claimed that they could shoot six sat-
ellites into predetermined orbits for less
than $1 million. To date they have spent
more than $57 million and already Presi-
dent Eisenhower has asked for $34.2
million more. I am reminded of a story
in Gamow’s book One, Two, Three . ..
Infinity. King Shirham, in rewarding his
grand vizier for inventing the game of
chess, agreed to grant the clever vizier’s
request to “give me a grain of wheat to
put on the first square of this chessboard,
and two grains to put on the second
square, and four grains to put on the
third . . .,” etc. “You do not ask for much,
| Oh my faithful servant,” exclaimed the
| king. But it turned out that this
amounted to 18,446,744,073,709,551,-
615 grains, which is equivalent to the
world’s wheat production for some 2,000
years!

GEORGE A. HENDERSON

Past President

Alabama Chapter
American Rocket Society
Huntsville, Ala.

Sirs:

I enjoyed B. D. Cullity’s article “Dif-
fusion in Metals” [SCIENTIFIC AAMERI-
cax, May].

One statement, to the effect that case
hardening of steel produces a “hard sur-
face to resist wear and a ductile interior




are looking for

big jobs as...

Solubilizers for heavy metals

Precipitants for organic bases %
Oxidizing and reducing agents

Humidifiers and dehumidifiers

Catalysts for organic reactions
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The heteropolymolybdates comprise a unique family of giant mole-
cules. Perhaps you can put them to work. To help you evaluate them,
Climax has edited the vast and sometimes conflicting literature
on these compounds into a new technical bulletin, “Properties of

These heteropolymolybdates
are now available
in laboratory quantities

12 SERIES
Heteropolymolybdates™. It is a concise presentation that will serve \
+xH,0  NagPMo,,0,,*xH.0
as a guide to existing and potential industrial applications of these Na,Siko50,, *xH aiE0iaCe0 " X2
unusual chemicals. Mol. wt. 1800
For samples and a copy of “Properties of Heteropolymolybdates”, 2:18 SERIES

write Climax Molybdenum Company, Dept. 24, 500 Fifth Avenue, NagP,Mo o0, < xH,0  Mol. wh. >>2800
New York 36, N. Y.
SOME PROPERTIES OF HETEROPOLYMOLYBDATES
EXTRAORDINARY SOLUBILITY REACTIONS WITH ORGANIC BASES OXIDATION AND REDUCTION HYDRATION
Free acids are soluble in water Heteropolymolybdates  precipi- Heteropolymolybdates are pow- Heteropolymolybdates are highly
up to 85% by weight of soluti tate alkaloids, proteins, basic erful oxidizing agents. Reduced hydrated. Most compounds have

and are also soluble in alcohol
and ether. Most metal salts {in-
cluding those of heavy metals)
are also very soluble in water.

dyestuffs and many other organic
bases. They are strongly adsorbed
by nitrogen fibers, such as nylon
and wool.

compounds with 1, 2 or 3 oxygen
atoms removed are very strong
reducing agents.

CLIMAX MOLYEDENUM
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several stages of hydration, and
can be converted reversibly from
one stage to another.

Use the
Moly key
fo creative

chemistry 3 Prasiplenss

« solubilizes
.
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MEET PROBLEMS LIKE THESE
WITH NEW ROGERS PHENOLICS

Rogers’ new RX 460 is a mineral-filled impact phenolic molding
compound that combines high heat resistance (450°F. and bet-
ter) with excellent arc resistance. Its uniform pellet size and
uniform rate of pour adapt it to low cost automatic molding
operations. It may also be automatically preformed.

Also newly available is RM 4100, a phenolic sheet molding
material that combines arc, flame and heat resistance with me-
dium high impact strength. It offers advantages over laminates
in that both flat and shaped parts can be compression molded.

Preliminary data sheets in both materials are available. Please
write Dept. S, Rogers Corporation, Rogers, Connecticut.

ROGERS

CORPORATION

ROGERS, CONNECTICUT

to stand up to sudden shocks without
breaking,” is open to question, and fur-
ther clarification would be interesting.
The belief that a ductile interior is ad-
vantageous because of its toughness, re-
sisting shock and deformation without
breaking, is common and appears in
many books.

However, a ductile steel is tough be-
cause it can be plastically deformed to a
considerable extent without breaking; a
brittle steel will resist a higher load but
cannot be given much plastic deforma-
tion. Therefore the toughness of the duc-
tile interior of a case-hardened part can
be utilized in service only if the deforma-
tion is great enough to cause plastic de-
formation of the interior. But if the in-
terior is so deformed, the outside must
be deformed as much or more, and being
brittle, will break. The fracture may take
the form of small cracks, and these are
likely to propagate through the ductile
interior.

In spite of the apparent failure of the
“tough interior” explanation, case hard-
ening has been used for a long time,
often with beneficial results compared to
hardening the steel throughout. The cor-
rect explanation seems to be that harden-
ing the surface by any of several methods
produces residual compressive stress in
the surface, with compensating tensile

stress in the interior. Since failure usual-
| ly starts by tensile stress at a scratch or
other surface irregularity, residual com-
pression will increase the load required

to produce sufficient tensile stress to ini-
| tiate failure; the extra tensile stress in the
interior will not be harmful since the in-
terior usually does not contain such ir-
regularities as scratches.

There are many different types of
loading to which steel parts may be sub-
jected, and there is statistical variation
in the results of any one type of test, so
that a simple comparison of case harden-
ing and through hardening is not pos-
sible. However, in many applications
case hardening does appear to be supe-
rior for the reason discussed above, as
well as because there is less distortion
when only the surface is heat treated.

These comments are from the view-
point of a mechanical engineer rather
than a metallurgist, but I hope they may
| be of interest.

PETER L. BALISE

| Assistant Professor

Department of Mechanical
Engineering

University of Washington

DUROIDS « SHOE MATERIALS « ELECTRICAL INSULATION « PLASTICS « RUBBER « FABRICATING « DEVELOPMENT | Seattle, Wash.
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Precise

PHOTOELECTRONICS*

* The conversion of light input to highly

Type 6365

magnified electrical output in a dependable,

precise relationship.

Depend on Du Mont Multiplier Phototubes for
precise quantitative and qualitative
measurements. Available in a wide selection
of sizes and electrical characteristics for
every photoelectronic need.

oUMONT

Industrial Tube Sales, ALLEN B. DU MONT LABORATORIES, INC. 2 Main Ave., Passaic, N. J.
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Polymers make

TEFLON® tetrafluoroethylene resins

CHEMICAL PUMP for missiles uses three products made of TEFLON
" tetrafluoroethylene resins—solid, fluid dispersion, and glass-rein-
forced. TEFLON resins have practically universal chemical inertness
... withstand heat to 500°F. In this pump, TEFLON provides both
the lubrication and sealing, as well as being the principal ingredi-
ent of the impeller. (Made by ECO Engineering Co., Newark, N.J.)

SEALS fabricated from heavy film of a TEFLON resin bonded to
silicone rubber base are used on bomb-bay door of B-47. The slick
surface aids closure and prevents sticking of ice and snow. Seals
operate equally well in stratospheric cold and desert heat. (Made
by The Connecticut Hard Rubber Co., New Haven, Conn.)

TEFLON RESINS combine nearly all the characteristics of the perfect
electrical insulator. Here, a TEFLON resin performs efficiently as a
radome for new radar antenna, providing both impedance match-
ing and weather protection. Its extremely low dielectric constant
remains stable. (By Diamond Antenna and Microwave Cor-
poration of Wakefield, Massachusetts.)

Here you see typical applications for three of the
polymers developed by Du Pont research. The range
of properties available in Du Pont ZyTEL, LUCITE and
TEFLON resins makes them ideal materials for a great
variety of scientific, industrial and military uses.

For heat resistance and chemical inertness, TEFLON
resins are superior to all other plastics. They also possess
phenomenally low surface friction and ideal electrical
insulating characteristics. For strength, durability and

ease of fabrication, consider lightweight ZYTEL nylon
resin. Its moldability, toughness and resilience have
made it a favorite for such applications as gears, cams
and bearings. LUCITE provides the properties of optical
glass, and is shatter- and weather-resistant.

Pinpointing these major properties only highlights
the story of the many ways these resins may be valu-
able to you. Clip the coupon to learn more about their
interesting physical properties and applications.

© 1957 SCIENTIFIC AMERICAN, INC



product news

ZYTEL® nylon resins LUCITE® acrylic resins

PRty

-

COMPONENTS made of ZyYTEL nylon resin are very strong, wear-
resistant and light in weight. Precision-molded parts used in Cine-
Kodak K-100 motion picture camera operate silently. Parts of
ZYTEL need little or no lubrication. (Camera by Eastman Kodak
Co., Rochester; parts molded by Quinn-Berry Corp., Erie, Pa.)

LENSES of LucITE are easily molded in sizes and shapes to fit
every optical need. The optical properties of these lenses are com-
parable to those of the finest glass. Moreover, LUCITE acrylic resin
is light in weight (about one-third that of glass) and has outstand-
ing dimensional stability, impact strength and shatter resistance.

AEROSOL BOTTLES can be made in unique shapes and attractive
colors. Using new ZYTEL 42, they can be produced by blow mold-
ingorfrom ZYTEL 101by welding molded sections. Bottlesare tough,
durable, attractive—undamaged when bounced off hard floors.

SEND FOR INFORMATION
For additional property and application
data on these versatile basic design
materials, send coupon at right.

E. I. du Pont de Nemours & Co. (Inc.), Polychemicals Department
Room 409, Du Pont Building, Wilmington 98, Delaware
In Canada: Du Pont Company of Canada (1956) Ltd., P. O. Box 660, Montreal, Quebec.

-
|
|
|
|
I Please send me more information on the Du Pont materials checked:

: [0 ZYTEL® ] LUCITE® [] TEFLON® resins. I am interested in evaluating these
|

|

|

|

|

|

|

1

materials for:

Name. -
Company. Position
REG U3 paT OFf Street
BETTER THINGS FOR BETTER LIVING Cily State
... THROUGH CHEMISTRY Type of Business
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Ready, Set, GROW...with




YOU will find that Revere Aluminum
Sheet passes smoothly and economically
through your processes, that it brings
to your products all the advantages you
expect from fine aluminum.

Three Revere plants, located in the
East, the Mid-West and on the Pacific
Coast, can bring mill service and technical
consultation close to your own doorstep.
These plants will have the backing of
Revere’s primary aluminum operation,
scheduled to begin production in 1958.

It will pay you to tie the growth of
your business to the most dependable
sources of supply—suchas Revere, which
is in aluminum in a BIG WAY. Revere
Copper and Brass Incorporated. Founded
by Paul Reverein 1801. Executive Offices:
230 Park Avenue, New York 17, N. Y.

Revere Aluminum Mill Products include coiled

and flat sheet, both plain and embossed, circles,

Mew Hevere Aluminum Sheet Mill blanks, Tube-In-Strip, extruded products, seamless
Chicogs, Iil < drawn tube, welded tube, rolled shapes, electrical

conductors, forgings, foil and frozen food containers.

~¢= Projected for 1957: New Revere Aluminum Sheet Mill
Santa Ana, Calif.
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The Formula That Revolutionized Music

MarHEMATICIANS long ago divided an octave into 12 the Arts benefiting from one of the Sciences—and of
equal semitones, each a successive power of the twelfth mankind benefiting from both. The example contains the
root of 2. This “equal temperament” formula was the key mightiest of the Sciences, a new world of thought, creative-
to a new world of music that could be created for much- ness, and refinement of design. These elements exemplify
simplified instruments. We like this example of one of the work of Litton Industries in advanced electronics.

LITTON INDUSTRIES BEVERLY HILLS, CALIFORNIA

Plants and Laboratories in California, Maryland, Indiana and New York

DIGITAL COMPUTERS & CONTROLS RADAR & COUNTERMEASURES INERTIAL GUIDANCE SPACE SIMULATION RESEARCH
MICROWAVE POWER TUBES AUTOMATIC DATA PROCESSING SERVOMECHANISMS PRECISION COMPONENTS & TRANSFORMERS
28
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a must for
your files...

free data books
| | from Allegheny

——— L
toal sienli

salen offices

SPECIAL STEELS FOR INDUSTRY . . . 16 pages,
jam-packed with technical information on principal
Allegheny Ludlum products: stainless, tool and
electrical steels and Carmet carbide materials. In-
cludes: a stainless steel Finder chart giving analyses,
physical data, properties, etc.; data on stainless
fabrication; stainless corrosion resistance to various
media; charts on electrical materials and Carmet
carbide materials; properties and treatment for
principal A-L tool steels.

STAINLESS STEEL IN PRODUCT DESIGN . . . 40 pages of
useful engineering and fabricating data including practical
examples showing where, when, how stainless steel improves
design, adds benefits, helps sales. Information includes:
standard sizes and shapes; designing for lower costs in form-
ing, joining, finishing, etc. with many pictures of actual
products made and designed in stainless steel.

PUBLICATION LIST . . . 8-page folder that lists and describes
all the current publications offered by Allegheny Ludlum: 9
general publications, 14 on stainless, 10 on stainless applica-
tions in specific industries, 16 technical data sheets on stain-
less, 40 on tool steels, 20 on Carmet carbide materials, 5 on
forgings and castings, 12 on electrical steels. There is a handy
order form to use in getting the data you need.

PUBLICATION
LIST

As the major producer of special alloy steels for industry,
Allegheny Ludlum naturally offers much more than steel.

TO OBTAIN Ten strategically located plants provide prompt mill deliveries

copies of and stock shipments are made from warehouses in all indus-

trial centers. Staff specialists from the mills working with the

L"’:,:::_,:':.:::-E the sales engineers from the sales office provide assistance when
m*‘m;":‘.. three valuable requested. Whenever you have a problem involving stainless,
""""."....".'-’..'.'-‘.."'."..‘...'1".-"'* high-temperature, electrical, magnetic or tool steels or sintered
data books carbides, let us help. Allegheny Ludlum Steel Corporation,

shown above, Oliver Building, Pittsburgh 22, Pennsylvania.

just address
your request

ALLEGHENY LUDLUM | to ALLEGH ENY

STHEL CORPORATION

aas. pnsonani el DEPT. 5C-% LUDLUM

PIONEERING on the Horizons of Steel

WAW aTE4
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New trends and developments
for design engineers...

How Carboloy. cemented carbides’ wear-resistance and
other unique properties solved three tricky problems

Carbides’ low coefficient
of thermal expansion
keeps tiny parts tiny

The Van Keuren Co., Watertown,
Mass., specializes in precision meas-
uring tools, and tiny parts such as
bearings and pivots for instruments,
components, and missiles.

Dimensions of these parts are often
measured in thousandths . . . and
their tolerances in millionths.

It’s hard enough to make anything
as small as the pivot shown in Figure
1, but once it’s done, making sure
it stays that size despite ambient
temperatures and rugged operating
conditions is another problem.

CARBIDE PIVOT

FIG. 1 — Carbide pivots measure .0030” in
diameter, .0165” in length.

Carboloy cemented carbides were
the perfect solution because they do
not expand and contract like other
materials. Their coefficient of thermal
expansion is less than half that of
SAE 1095 heat-treated steel.

For example, from 70° to 1292°F,
Carboloy Grade 779 has a coefficient
of 280 x 10-6/°F. — compared to
8.20 x 10-6/°F. for SAE 1095.

In addition, carbides resist atmos-
pheric corrosion and erosion. They
can be lapped and polished to a
mirror finish for smooth, accurate
bearing action. And they’re ideal
materials where compressive loads
are high because carbides’ ultimate
limit in compression is 2 to 16 times
that of steel.

Carbides’ high temperature
resistance solves soldering
problem for H. & A. Selmer

Soldering clarinet keys in place takes
a steady hand with the gas torch,
and special jigs for holding and posi-
tioning tiny assemblies (Figure 2).
H. & A. Selmer, Inc., leading manu-
facturer of band instruments had no
trouble getting the steady hands.
The problem was with the jigs.

30

FIG. 2 — Carbide points hold and position
clarinet key assembly during soldering.

Because of the high temperatures
needed for silver soldering the
nickel-silver keys, Selmer was using
stainless steel jigs. Unfortunately,
the keys often ended up soldered
to the jig; as well as to their own
parts. This meant hours of hand fil-
ing, extra cleaning, frequent repairs
of the jigs.

Then Selmer engineers introduced
the use of Carboloy cemented car-
bide location points. In addition to
being the hardest metals made by
man, they have the ability to resist
excessive oxidation at temperatures
of 1500° to 1600° F.

And, once carbide is coated with
a thin layer of oxide, neither the
solder, nor the keys, will stick to
the holding and location points.

Soldering operations were speeded
up; hand filing eliminated; jigs
stayed accurate longer—and Selmer’s
costs came tumbling down.

Carbide’s resistance to
corrosion keeps printing
ink flowing for IBM

When IBM makes IBM cards, it
makes them by the millions. And it
makes them on special high-speed
machines that automatically print,
cut, and count 1600 cards a minute.

Each machine has its own minia-
ture printing press. Ink is metered
out by a stainless steel pump sub-
merged in a well in the machine base.

Wear on the pump parts was
problem enough. But the ink was

also corroding its impeller bushings
and shaft.

IBM engineers solved the prob-
lem by installing Carboloy cemented
carbide bushings and shafts.

Normally, carbides are not used
for their corrosion resistance alone.

But, as in cases like this, where
a combination of corrosion-resistance
and wear-resistance is needed,
Carboloy cemented carbides can
more than pay their own way.

They have good resistance to or-
ganic acids, many inorganic acids
and bases . . . and are practically

inert to attack by salt water spray.

FIG. 3 — Miniature printing press in IBM card
machine. Note carbide shearing knives above
the printing plate.

Incidentally, IBM is also saving an
estimated $40,000 a year in labor
costs for regrinding the rotary shear
knives used to cut the cards to length.

By changing to Carboloy carbide
knives, 267 million cards are trimmed
before resharpening — compared to
only 16 million with steel knives.

IBM, Selmer, and Van Keuren
each used a different grade of car-
bide. Because Carboloy carbides are
available in 19 standard grades, they
could select the grade with exactly
the right characteristics for their
particular needs.

If you would like additional tech-
nical data on the unique properties
of this material—or expert assistance
on design problems, write: Metal-
lurgical Products Department of
General Electric Company, 11199 E.
8 Mile Blvd., Detroit 32, Michigan.

CARBOLOY.

CEMENTETD

CARBIDES

GENERAL @ ELECTRIC
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Look ahead
in Polymers
with
PENNSALT

NOW... IN THE FUTURE...

Giant molecules are a major current interest to The big and exciting program now underway in
Pennsalt in at least three different aspects. A broad Pennsalt’s research laboratories will integrate all of
cross-section of industry relies on us for: our present interests with other new areas of polymer
technology; we look toward developing new and
useful intermediates and polymers of our own.

* Bulk chemicals in dependable continuous supply —
even pipe-lined to customer’s plant.

To other companies . . . and men . . . who share our

faith in a chemical future, we offer our cooperation

as a supplier of chemicals needed in monomer and

s Chemical control agents which permit more profit- polymer manufacture. Call on us for products . . .
able yields and improved product qualities. for technical service . . . for ideas. Write Dept. 542.

* More specialized reactants and solvents for direct
use or formulating aid.

Pennsalt is your source for ...

BASIC CHEMICAL INTERMEDIATES REACTION Pen nsa Ii
BUILDING BLOCKS AND SOLVENTS IMPROVERS .
Hydrogen Chloride Organic Sulfur Compounds Accelerators * I
léanhydrous) Orsanic Nitrogen Compounds Catalysts Chemlca s
Hydrogen Fluoride Organic Chlorine Compounds Curing Agents
(anhydrous) Amyl alcohols & acetates /F\’:?igiiedrasnts
Ammonia Chlorofluorohydrocarbons Chain-stoppers PENNSALT CHEMICALS CORP.
Chlorine Alkylphenols Modifiers Three Penn Center

Philadelphia 2, Pa.
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we help put fight in world’s fastest bomber

The world’s first supersonic bomber, this B-58 Hustler,
is one of America’s deadliest fighting machines. We
contributed to its arsenal by helping produce its tail
defense system. We also helped engineer and produce
bombing systems for the USAF’s other two top jet
bombers—the B-47 and B-52. Our exceptional com-
bination of engineers and craftsmen can start from any
stage in systems or sub-systems work; research, devel-
opment and design or precision manufacturing.

GET MORE FACTS about our systems and other pre-
cision engineering and manufacturing capabilities.
Write Mr. C. H. Bell, President General Mills, 1208
General Mills Bldg., Minneapolis 1, Minnesota.

the future is our frontier
INDUSTRIAL GROUP

Mechanical Division + Chemical Division
Soybean Division < Special Commodities Division
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amazing new Guartec
keeps dry materials dry—
with their own built-in dam

See how a pinch of Guartec, our trade name for
granulated guar gum, keeps the soluble powder
dry in the water-filled test tube at near left.
Guartec granules can be added in minute quan-
tities to many dry materials to prevent unwanted
water from seeping in and causing leaching or
deterioration. Upon contact with water, Guartec
swells and forms a gel which inhibits moisture
penetration.

°
;.
»
»
»

Here soluble powder contains  The powder in this tube con-
no Guartec. Colored water tains a trace of Guartec which
quickly seeps through. Tubes  forms a barrier when wet to
have been standing 4 hours. stop moisture penetration.

Without Guartec « With Guartec

Guartec
makes stronger paper too

Another of Guartec’s unusual characteristics is
its ability to disperse agglomerated pulp fibers.
(Guartec is an economical dispersant for most
organic material.)

The more uniformly distributed paper fibers
in the micro-enlarged photo at near left resulted
when a trace of Guartec was added to the pulp.
Such processing produces stronger, more uniform
papers in less time—with tremendous savings.

GET MORE FACTS about amazing Guartec. Write
Mr. C. H. Bell, President General Mills, 1208
General Mills Bldg., Minneapolis 1, Minnesota.

the future is our frontier General

INDUSTRIAL GROUP | Mills

Special Commodities Division « Chemical Division
Mechanical Division * Soybean Division

® ® ¥ ¢ ¥ o @

- L comlinued next page
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paints that won't sag or run,
printing inks that won't flake,
from versatile Versamid
polyamide resins

Many products impossible to produce yesterday
are commonplace today because creative men dis-
covered new uses for Versamid polyamide resins.
Ask your chemists and product development
people if your company might not profit from the
use of these tough, flexible polymers too.

Our sales and technical service staffs are ready
to serve you. They’re anxious to have you share
in their knowledge and experience in many in-
dustrial fields.

<NEW GEL PAINTS ARE VIRTUALLY DRIPLESS.
Require no thinning or stirring. They’re semi-
solid, turn to liquid when brushed or rolled, back
to a gel when friction ceases. Our Versamid poly-
amide resins, an ingredient in the paint vehicle,
make these desirable characteristics possible.

<I FLEXOGRAPHIC INKS CAN'T CRACK OR PEEL.
They’re also made possible with Versamids—are
used for printing on cellophane, glassine, poly-
ethylene, other plastics. Materials can be twisted,
stretched, crumpled or immersed in water without
damage to ink. Such inks have high tensile
strength, quick-grip adhesion.
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GET MORE FACTS about opportunities with vers-
atile Versamids. Write Mr. C. H. Bell, President
General Mills, 1208 General Mills Bldg., Minne-
apolis 1, Minnesota.

the future is our frontier
INDUSTRIAL GROUP

Chemical Division + Mechanical Division
Soybean Division « Special Commodities Division

p P22 C2CCCCOYCYYN

NOTE: General Mills does not make these fabulous new paints and
inks, only the Versamid polyamide resins that help make them possible.
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And healthier too! To the nutritionist, protein is life
itself. To the industrialist, it is opportunity to expand
markets and create new products. Qur soy proteins are
industry’s most economical source of high-grade protein.
In poultry, animal, pet and human foods they help tone
the body, supply essential body-building amino acids.
Results: meatier, more productive chickens and turkeys;
more luxurious animal pelts; happier, healthier pets; and
vibrant, active men and women.

GET MORE FACTS about opportunities in soy protein en-
richment. Write Mr. C. H. Bell, President General Mills,
1208 General Mills Bldg., Minneapolis 1, Minnesota.

feathers, stoles, poodles and ladies —
our Soy Proteins help make all more beautiful

the future is our frontier
General

Soybean Division

]
INDUSTRIAL GrROuUP | Mills

Soybean Division *« Chemical Division

Mechanical Division « Special Commodities Division
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more points per dollar

Expanded

scale readings

.. .increased
sensitivity

Inclined manometers give
expanded scales, greater
sensitivity and  greater
readable accuracy to any
measurement  application.
Note the comparison of
scale lengths for vertical
and inclined manometers of
equivalent ranges. It dem-
onstrates just one phase of
the versatility you have
when you know and use

1, tat:

ter instru

With manometers, the same budget will

cover more points of measurement

on your flow chart . . . AND at each point,

you will get more accuracy, more readability,
more dependability.

Where else can you find the lowest cost instrument
with the highest accuracy rating?

—or a rugged industrial instrument which
inherently possesses test laboratory accuracy

and elegance?

—and whose performance is right out in the open
. . . literally verified before your eyes?

Dollar conscious all the way, a manometer costs
next to nothing to maintain and absolutely
nothing to operate.

Bulletin G-14,

an informative guide to manometers,

is yours for the asking.

The Meriam Instrument Co.,

10920 Madison Avenue, Cleveland 2, Ohio.

e 3\

o
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MERIAM MANOMETERS

20 AND 100
YEARS AGO

SEPTEMBER, 1907: “The collapse
of the great Quebec cantilever bridge,
with a loss of over 80 men, is one of the
greatest disasters in the history of bridge
construction. For a parallel we must go
back to the disaster of the Tay Bridge in
Scotland, when several spans were
blown down in a fierce gale, carrying a
whole trainload of passengers to their
graves. At the present writing the infor-
mation available is too meager to state
the immediate cause of the disaster. Be-
cause the portion of the bridge on which
it actually commenced is lying in 200
feet of water, the facts may never be
brought to light. This is the more likely
because the lives of all of the workmen
who were engaged on this portion of the
bridge were lost, and there will therefore
be no close-at-hand eyewitnesses to state
where the breakdown began and from
what cause. The great Quebec Bridge, as
designed, was the largest of the canti-

| lever type in the world. Quite apart from

the lamentable loss of life which it in-
volved, the fall of the bridge is the most
disastrous calamity that could possibly
have overtaken the profession of bridge
engineering in this country.”

“Prof. Jacques Loeb has presented his
latest conclusions as to artificial genera-
tion in a paper entitled “The Chemical
Character of the Process of Fertilization.”
He maintains that, as all life phenomena
are ultimately chemical, we can only
hope to produce life by a series of defi-
nite chemical reactions. In the process of
fertilization, the most obvious chemical
reaction is an enormous synthesis of nu-
clear material. After the entrance of the
spermatozoon, the one nucleus of the
egg successively divides into two, four,
eight, etc. Each nucleus is the same size
as the original one. Evidently, therefore,
the chemical effect is the synthesis of
nuclear matter. The nucleus consists of a
salt, composed of some protein and nu-
cleic acid, the skeleton of which acid
seems to be phosphorus.”

“According to recent researches the
products of decomposing atoms form



Polyethylene is used to protect thou-
sands of miles of telephone cables. It
is tough, light and long lasting. Its
strength lies in its giant molecules—a
thousand times bigger, for example,
than those of its brittle chemical cousin,
paraffin wax.

But polyethylene has a powerful
enemy: oxidation, cnergized by light
and heat, shatters its huge molecules to
picces. This enemy had to be conquered
if polyethylene was to meet the rigorous
demands of cable sheathing. Paradoxi-

0.+ RH=> K

Roo + HA —>Re

Bell Laboratories chemist Field H. Winslow, Ph.D., Cornell University, with a scale
model of a small section of a polyethylene molecule. Branch formation indicated by pencil
is vulnerable to oxidation. Dr. Winslow and his associates worked out a simple way to
protect long polyethylene molecules needed for durable cable sheathing.

THE DILEMMA OF GIANT MOLECULES
Solution: 2 plus 2 equals 5

cally, it was done by making the whole
better than the sum of its parts—just
as though 2 plus 2 could be made to add
up to 5.

To check the ravages of light, Bell
Laboratories chemists devised the sim-
pleyet highly effective remedy of adding
a tiny dose of carbon black. Then anti-
oxidants, such as those commonly used
to protect rubber, were added to check
attack by heat. But here the chemists
encountered a dilemma: although the
carbon black protected against the

BELL TELEPHONE LABORATORIES

effects of light, it critically weakened
the effectiveness of the antioxidants.

Tosolve this dilemma, Bell Labs chem-
ists developed entirely new types of anti-
oxidants—compounds not weakened by
carbon black but which, intriguingly,
are very much more effective when
carbon black is present. The new anti-
oxidants, plus carbon black, in partner-
ship, provide long-lasting cable sheath
—another example of how research at
Bell Telephone Laboratories works to
improve your telephone service.

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT
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Why should YOU remember

38

Sebacic Acid ?

Simply because it is one of the most useful building blocks in the world
of synthetics — and it provides more permanence and durability than any
other difunctional intermediate.

To help you remember a few key things about sebacic acid (your research
people will know the details) a typical molecular chain is represented
below. The detailed parts of the chain are the sebacic radicals.

The sebacic acid chain is the longest straight chain found in any of the
commercially available di-basic acids. The longer the chain, the more
flexibility is available; the straightness or absence of branches makes the
chain very difficult to disturb structurally.

No matter what you link with the sebacic chain — the basic chain remains
the same. Link it with alcohols to make esters and you have plasticizers
or lubricants. React sebacic with glycols to make polyesters; link the
sebacic to diamine to make nylon; to alkyds for paint and coatings. The
sebacic chain also appears as the backbone of high quality polyurethanes.

Whatever you do with sebacic acid, the
sebacic link in the chain means exceptional
resistance to weather or water, chemical or
physical abuse, extremes of heat or cold.

CH2 CH2 CH2 CH2
HOOC COOH

CH2 CH2 CH2 CH2

The Harchem Laboratories have helped develop sebacic applications
such as superior synthetic lubricants built around Di-octyl-sebacate
and the new use in polyurethanes. Ever since
Harchem began commercial production of
sebacic acid over a quarter of a century
ago, the Harchem labs have worked
with product manufacturers and govern-
ment agencies to make the most of
the permanence and durability, the
flexibility and stability of the
sebacic chain.

Harchem stands ready to
assist you with your product
development too. A request
for bulletin H-32 and a
sample of Harchem’s
999% sebacic acid (C P
grade) will quickly supply
your development people

with the pertinent GLYCOL

information for DIAMINE

initial investigation. or
ALKYD

THE KEY TO

' ﬁARCHEM &

BETTER PLASTICS

WALLACE & TIERNAMN, INC
28 MAIN STREET. BELLEVILLE 8. NEW JERSEY

INCANADA W © HWARDES O OF CANADA LTD TORON
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substances with properties between pon-
derable bodies and imponderable ether,
that is, between two worlds which sci-
ence has so far kept strictly separated.
While matter was once considered inert,
it now appears to be an enormous reser-
voir of energy. By the dissociation of
atoms, the stable form of energy called
matter is transformed into its unstable
forms—electricity, light, heat, etc. The
idea that a transmutation of atoms, ac-
cording to the dream of alchemists, some
day might become quite practicable is
obviously in agreement with these the-
ories. The importance of the doctrine
will be fully appreciated only when a
process for accelerating the disintegra-
tion of bodies has been found. When this
has been achieved, a practically infinite
source of energy will be at the free dis-
posal of man, the consequence of which
can hardly be foreseen.”

“It is certainly good news to learn that
progress on the Panama Canal has been
so rapid that the Isthmian Canal Com-
mission has thought wise to ask for about
eight million dollars, in addition to the

| appropriations already made, in order
that the present working force may be
permitted to go about uninterruptedly at
the high rate of speed which has charac-
terized operations during the past few
months. It seems that the American
steam shovel, which has now been in-
stalled in large numbers at the Culebra
cut, is living up to its noble reputation,
and that the plan of excavation, includ-
ing the arrangement of various levels
and tracks worked out by the late Chief
Engineer Stevens, has proved so thor-
oughly adequate that the time of com-
pletion is going to be very much short-
ened.”

“Count Ferdinand von Zeppelin’s
huge airship—the largest in the world—
has been remodeled and improved of
late. It now has a length of 420 feet, a
diameter of 38 feet, and a capacity of
11,000 cubic meters (388,465 cubic
feet). Its total lifting capacity is several
tons. Improvements in the form of a
searchlight and of Telefunken wireless
telegraphy instruments have also been
added. Recently the airship emerged
from its floating shed (which is arranged
on pontoons so that it can be pointed
directly into the wind) and made a com-
plete circuit of Lake Constance, easily
beating all water craft. Its speed at times
reached 38 miles an hour. The airship
made numerous sharp turns and per-
formed difficult evolutions in front of the
royal castle at Friedrichshafen. At times
| it would almost dip into the lake, and
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would you like to kno

you could get the answer N
in 24 hours...

safely —and right in your own plant
if you had a Picker ‘‘Hotpot"
Cobalt ¢ irradiator like this

(or perhaps one of the many other
Picker megarep sources of

lower-energy radiation).

For informaton and advice concerning any phase of radia-
tion-utilization (including radiography and fluoroscopy in
product inspection and control) please write, telephone, or

wire* The Picker “Hotpot’” Cobalt 60 irradiator is
Picker X-Ray Corporation no bigger than your desk, and safe enough
25 South Broadway, White Plains, N. Y, to keep in your office.

*or contact any local Picker District Office.
There’s probably one near you (see local ‘phone book).

if it has to do with radiation it has to do with
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SyLvANIA ELECTRIC PRODUCTS INC.
Electronic Systems Division
100 First Avenue, Waltham, Mass.

40

Sending a needle

to intercept a needle. ..

THROW a needle high into the air. Then try to hit the
needle by throwing another needle at it. You’ll know how
hard a task it is to intercept a deadly enemy ‘‘needle”
rushing towards you from the sky at hypersonic speeds.

Engineers and scientists of Sylvania’s Electronic Systems
Division are working to answer the threat of enemy ballis-
tic missiles. Accepting complete responsibility, from idea
to production, they are creating an integrated weapons
system . . . a ground-to-air ballistic missile intercept system.

Whether your project requires management or technical
experience for complex integrated systems, sub-systems,
equipments or special components, from initial concept
through mass production—Sylvania engineers will be glad
to discuss methods of solving your specific problems.

LIGHTING ¢ RADIO ¢ ELECTRONICS ¢ TELEVISION
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then again it would rise to a height of
600 feet or more. The flight lasted four
and a quarter hours. The new airship
showed itself the equal of the Wright
aeroplane as far as speed is concerned,
while its adaptability to commercial use
would seem to be greater. No fewer than
seven men were on board during the

flight.”

“A French scientist, G. Garet, has in-
vented an improved device for working
a distant apparatus, as, for instance, a
torpedo, by means of electric waves. It is
also adapted for use on a wire circuit for
the same purpose; likewise for railroad
signals and many other devices. With a
single wire it can carry out operations
| which now take as many as 10 or 15 dif-
ferent wires.”

“Now that the Singer office building
has been carried up beyond the 500-foot
level, its really stupendous proportions
assert themselves with dramatic effect.
It is indeed a complicated task to erect,
on a foundation only 65 feet square, a
building which will lift its head more
than 600 feet heavenward and maintain
itself, free from tremor and absolutely
secure, against the fiercest hurricane that
can blow upon it. The tower itself forms
the most striking feature in this elaborate
reconstruction of the old Singer Building
at the corner of Liberty Street and
Broadway. The new structure, with a
frontage of 76 feet on Broadway, has
been built on the northern side of the
old building, and the great tower rises
above this addition, with its front stand-
ing about 15 feet back from the Broad-
way building line. The completed tower
will extend 28 stories above the main
building and contain 42 stories in all.”

| SEPTEMBER, 1857: “We greet our

friends with gladness, for it is our birth-
day anniversary. SCIENTIFIC AMERICAN
is 12 years old. Let us note a few of the
prominent scientific developments which
have been chronicled since our journal
entered into existence. The Electric Tel-
egraph, as a practical invention, was
only a year old when SCIENTIFIC AMERI-
cax started in life. The first 44 miles of
telegraph had just been put in operation.
There are now throughout the world
about 80,000 miles. Twelve years ago,
the artist’s pencil was almost the only
| means of reproducing natural objects.



AAraon,

the gas that wanted to be alone
...helps man Lo (%xpl()re space

Among the various gases in the earth’s atmosphere,
argon is one of the rarest—and most uncongenial. It is
such a poor mixer that it is never found in chemical
combination with other elements.

But scientists at LINDE reasoned that, because argon
doesn’t combine with other elements, it could be effec-
tively used to protect other materials from impurities
and contamination.

Today, LINDE argon protects the tiny filaments in
electronic tubes, helping to make rocket and jet plane
mechanisms, radar, and your television set operate
dependably. In the welding of metals for use in rock-
ets, missiles, and aircraft—or in the production of
titanium—argon is the “invisible curtain” protecting
the metal from impurities.

LINDE argon, 99.99 ++ per cent pure, is as close to
you as the nearest highway or railroad track. A nation-
wide, flexible distribution system assures satisfaction
of argon requirements for the factory or the laboratory
—in any volume, whenever and wherever needed.

For more than 50 years, LINDE has been extracting
gases from the atmosphere ... finding better methods
for their practical use. If your industry, plant or shop.
has a special problem involving the use of argon, oxy-
gen, or nitrogen, or the equipment they require. LINDE
can help you. For specific information, call or write
your nearest LINDE office.

LiNDE CoMPANY, Division of Union Carbide Cor-
poration, 30 East 42nd Street, New York 17, N.Y.
Offices in other principal cities. In Canada: Linde
Company, Division of Union Carbide Canada Limited.
The terms “Linde” and “Union Carbide” are registered
trade-marks of Union Carbide Corporation.
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NEW! ALIGNMENT
INTERFEROMETER

Accurately measures
small changes in
angle over a range
of 30 seconds of arc
" (15 seconds). Easy
direct scale read-
ings to 0.2 seconds
(0.000006").

BENCH
COMPARATOR

Exclusive under-
stage illumination—
no complex set-ups,
no holding fixtures
for most work. Mag-
nified  silhouettes
show errors instant-
ly. Reads to 0.0001”
with optional mi.
crometer stage.

CONTOUR
MEASURING
PROJECTOR

Shows magnified sile
houettes or surface
views. Simple opera-
tion, highest preci-
sion measurements:
to 0.0001”, linear;
to 1 minute of arc,
angular,

NEW
TOOLMAKER'S
MEASURING
MICROSCOPE

Quickly measures
opaque or transpar-
ent objects of any
contour. Linear, ac-
curate to 0.0001“;
' angular, to 1 minute
of arc.

BAUSCH & LOMB

"lr‘:;EV:&a ]
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PRECISION
PRODUCTION
PROBLEMS ?

Here’'s help from

Bausch & Lomb

TOOL DESIGN
INSPECTION
FABRICATION
MEASURING
TESTING

STEREO-
MICROSCOPES

Magnified 3-D views
of tiny parts. Dust-
proof, shockproof,
can be mounted
right in machine or
fixture. Speeds as-
sembly, inspection.
Most complete line,
widest field of view.

OPTICAL AIDS
CATALOG
Time-and-money-sav-
ing data on Surface
Comparators, Indus-
trial Magnifiers, Ma-
croscopes, Micro-
scope Bodies, Mi-
crometer Discs, Wide
Field Tubes, Brinell
Microscopes, Shop
Microscopes. |

T8 ALEIET YOU 1M BUILOING & BETTER PRODWKT

OPTICAL AIDS

MAIL COUPON TODAY FOR VALUABLE DATA

BAUSCH & LOMB OPTICAL CO.
75821 St. Paul St., Rochester 2, N. Y.

Please send literature on optical production
aids checked below:

[ Alignment Interferometer [ ] Bench €om-
parator [] Contour Measuring Projector
[ Toolmaker's Microscope [] Stereomicro-
scopes [] Optical Aids Catalog

NAME
TITLE
COMPANY.
ADDRESS
[ o1} & SRR ZONE........ STATE........
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But now the Sun gives us any picture we
may desire, in an instant. In chemistry
what wonders have been developed!
Fish no longer constitute the chief source
of our oleaginous products. Oil made
from coal has become a common article
of commerce. The touchstone which ac-
tually converts base metals into gold
and silver has not, it is true, been dis-
covered; but a new metal, aluminum,
wonderful and precious in its character,
has been produced from common clay.
Last and foremost, the shrieks of pa-
tients, writhing under the surgeon’s
knife, are no longer heard; for chloro-
form now soothes the nerves, and brings
‘deep sleep’ upon its subjects.”

“The great experiment has failed. The
arrival of the America brings a dispatch
announcing that the Atlantic cable, after
343 miles had been paid out, parted, and
the company has been obliged to aban-
don the enterprise for the present. Pro-
fessor Morse was on board the Niagara
at the time, and he lays the blame for the
accident directly upon the engineer, Mr.
Bright. Professor Morse writes: ‘At 3:45
in the morning, lat. 52°30”, long.
17°30”, our ship was moving at four
miles two fathoms per hour, and the
cable running out at five miles an hour.
Mr. Bright asked the mechanic in charge
of the brakes what strain was upon the
cable, to which the answer was “3,000
pounds.” Mr. Bright directed him to put
on 100 pounds more to check the speed
of the cable. The mechanic expressed a
fear that it would not be prudent. Mr.
| Bright, however, persevered. The brakes
were applied, which suddenly stopped
the wheels of the paying-out apparatus,
and brought the unchecked speed of the
ship to bear on the cable. The total strain
would have parted a cable four times the
strength. Hence it is no wonder that our
cable should snap like a pack-thread.
We got an electric current through till
the moment of parting; and yet the fur-
ther we paid out the feebler were the
currents, indicating a difficulty that will
require attentive investigation.””

“Dr. Snow, in a paper read before the
Medical Society of London, has directed
attention to amylene as an anesthetic
agent, and numerous trials of this sub-
stance for producing insensibility have
been made with satisfactory results. In
regard to its odor, it is more objection-
able than chloroform, but much less so
than sulfuric ether. The odor of any vol-
atile substance is, however, no longer
| perceived after a patient begins to in-
| hale. In respect to its pungency, it has a
| great advantage over both ether and




lot of vision

to see a GIANT

Scientists at Union Carbide are constantly exploring,
refining, and improving the leading plastics today. Their
efforts in this continuing research program have made
Bakelite Company a leader in providing a variety

of these materials to industry.

Phenolics * Vinyls * Styrenes « Impact-Styrenes
Polyethylenes * Polyesters * Epoxies

Silicones * Fluorothenes

These BAkeLITE Brand Plastics are widely used

in every kind of business and industry. Keep your
< eye on these giants. They’re still growing fast!
Why not write Dept. GWC for information
" on a specific plastic or for a copy of the
1958 Condensed Reference File of

BakeLite Brand Plastics?

-
BAKELITE

BRAND

c g PLASTICS
Products of cLA’: IBOI : E _

BAKELITE COMPANY, Division of Union Carbide Corporation, 30 East 42nd Street, New York 17, N.Y.
The terms BakeL1TE and UNION CARBIDE are registered trade-marks of UCC.
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COMPLETELY
NEW LINES

BYAO SPENCER

7

MICROSTAR

LABORATORY MICROSCOPES

Outstanding Features:

Advanced styling and design
Interchangeable and reversible
bodies
Rigid, well-balanced arm
Focusable stages . . . Yariable
autofocus
Wide selection of mechanical
stages
Dual cone revolving nosepieces
Zone of convenience
Built-in base illuminator
o Top quality optics
o New EPOXY finish
s —

Wide variety of accessories and alternate

parts . . . readily interchangeable to meet
future needs.

STEREOSCOPIC MICROSCOPES

Outstanding Features:

@ Truethree-dimensional erected
image
Top quality optics...low
reflection coated
Reversible and inclined body
Long working distance
Large field of view
Wide range of magnifications
Broad selection of models
Dove-gray EPOXY finish
New Cyclospot Illuminator
LOW PRICE

»lus—
"’ Revolutionary MAGNI-CHANGER

. .. allows desired magnifications to
be simply “dialed in”!

Dept. U178
Gentlemen:

O Please rush new CYCLOPTIC brochure SB 56
O Please rush new MICROSTAR brochure SB 124

American Optical

Name

Address

Company

INSTRUMENT DIVISION, BUFFALO 15, NEW YORK

DEFENSE PRODUCTS PLANT « KEENE. NEW HAMPSHIRE
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chloroform, being less pungent than
either of them. Thus the patient can in-
hale the amylene of full strength within
half a minute from commencing, and the
operation may generally be begun with-
in three minutes. Amylene is superior in
preventing pain with a less profound
stupor than that occasioned by the other
agents, and in the ready waking and re-
covery of the patient.”

“We see it stated that a firm in Eng-
land has received instructions to fit the
steamship Great Eastern with gas works
and all necessary gas fittings, on a most

elaborate scale. Some of the steamers on

our rivers have been lighted with gas
with tolerable success, and the effort will
probably be highly conducive to econ-
omy, as well as safety and convenience,
on so large a ship as the Great Eastern.”

“California has passed a law to make
the scientific development of the human
boedy the order of the school hours upon
the Pacific. All her common schools are
to have apparatus and teachers of gym-
nastics, and with her delicious climate
and extraordinary civilization, she will
keep the lead she has got of all the
States.”

“We see from a report of the Registrar
General to Sir G. Gray, just issued, that
amongst English marriage statistics no
fewer than 44,846 husbands, and 62,672
wives made their marks; and, out of the
entire number married during the year
1855, more than one half could not sign
their names. This is a fact which makes
us think that the authorities had better at
once stop arguing in favor of or against
the voluntary or governmental systems
of education, and at once adopt some
system by which all English children
shall be educated. As State education
has so eminently succeeded here, might
not England take a lesson in our school
and follow suit?”

“M. von Siebold, the distinguished
scientific author, states that the knowl-
edge of the natural sciences amongst the
Japanese is much more extensive and
profound than is generally supposed.
They possess a great many learned trea-
tises thereupon, and an admirable geo-
logical map of their island by Buntsjo.
They are well acquainted with the sys-
tems of European naturalists, and have
translations of the more important of
their works. They have also a botanical
dictionary, in which an account is given

| of not fewer than 5,300 objects, and

which is embellished with numerous fine
engravings.”



VINYL MONOMERS... endless possibilities, thanks to polymer chemistry

(D)
? Vinyl acetate . . . vinyl pro-
pionate . . . methyl isopro-

<A > penyl ketone . . . and now
acrylic acid esters . .. these Celanese
monomers are starting points for practi-
cally endless product improvements.
They have already enabled production
of better binders for non-woven fabrics
and for water and grease-resistant coat-
ings. They have improved plastics . . .
they have improved the properties of

Basic reasons....

Acids Functional Fluids Polyols
Alcohols Gasoline Additives Plasticizers
Aldehydes Glycols Salts
Anhydrides Ketones Solvents
Esters Oxides

Vinyl Monomers

emulsions for latex paints, leather, paper
and textiles. . . they have enhanced prop-
erties of synthetic fibers and rubbers.
These are but a few of the improve-
ments engendered by the Celanese series
of monomers. And Celanese research,
development and production know-how
promise more and better basic materials
for polymer chemistry. The new acrylic
acid esters, for example. The unit for
their production is nearing completion

&

CHEMICALS
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and soon will be “on stream,” supplying
acrylates in commercial volume.
Constant research for more productive
basic organic chemicals...availability of
a vast supply of raw materials to keep
production in continuous volume...these
are the factors upon which Celanese
bases its service to industry. Celanese
Corporation of America, Chemical Divi-
sion, Dept. 582-S, 180 Madison Avenue,
New York 16, N. Y.

Celanese®

tessesq..fOr improved products

Agricultural Paper
Automotive Pharmaceutical
Aviation Plastics

Building Surface Coatings
Electrical Textiles



HEAT « WEAR ¢ CORROSION

HAYNES Alloys solve the

2,000 degree jet blast!

The jet engine tailpipe of the Navy’s
A4D “Skyhawk” operates at ex-
tremely high temperatures. That is
just one of the many reasons why
this part is made of MULTIMET
alloy. This is one of 6 HAYNES
wrought alloys that have unusual re-
sistance to high temperatures and
oxidation. Because of their excep-
tional properties, HAYNES alloys are
being used extensively in such parts
as after-burner components, jet en-
gine tailpipes, turbine blades, and
nozzle vanes.
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If you have an application that is
creating a tough heat, wear, or cor-
rosion-resistance problem, you will
find it profitable to check with
HAYNES Stellite Company. In prac-
tically every industry, you will find
HAyYNES Alloys doing a better job,
lasting longer, reducing mainte-
nance and proving most economical.

Tell us your problem and we will
send you descriptive literature on
the HAYNES Alloy best suited to
solve it. Write HAYNES STELLITE
ComMPANY, Division of Union Car-
bide Corporation, General Offices
and Works, Kokomo, Indiana.

‘“Haynes,” “Multimet,” “Hastelloy” and “Union Carbide”
are registered trade-marks of Union Carbide Corporation.

ST N IE T

CORRO

PRODUCTION " Intricate turbine

* wheels mass-produced.

HAYNES’ investment-casting method offers a selection of
alloys developed for economical operation over a wide tem-
perature range. Blades and wheels are produced as one in-
tegral part to as-cast tolerances that permit operation
with unusually fine clearances at high speeds.

e
EAMMAILAR

ot
fim

SION :”t‘Withstands corrosive

**chlorine 10 years!

Handling highly corrosive liquid chlorine was an expensive
maintenance problem—until valves made of HASTELLOY
alloy C were installed. This is just one of the many corro-
sive difficulties met by HAYNES Alloys. They also have ex-
cellent resistance to hot mineral acids, strongly oxidizing
salts, and powerful gaseous oxidants over a wide range of
temperatures and concentrations.

HAYNES

ALLOYS

HAYNES STELLITE COMPANY
Division of Union Carbide Corporation
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Advanced wave tube design being discussed

top team on TWT'’s p==

Traveling-wave tubes, as any of the men above will tell you,
are slated for an important place in the world of electronics.
And these men, backed by Varian know-how, are out to assure the

fullest possible realization of the wave tube’s promising future.

With one of the industry’s most competent wave tube
development groups, Varian is geared to meet a wide range of
difficult challenges in its field . . . applying to newer systems
problems the same know-how and teamwork that just a few
years ago established Varian’s leadership in klystrons.

Many new ideas and applications are on the way, to back up

the success of tubes like the VA-121 and VA-161 shown here.
The entire Varian wave tube team is ready to go to work for you, to
shape up a wave tube application or come up with the answers
you've been looking for. Write or call your Varian representative

or Varian’s Application Engineering Department.

THE
MARK OF
LEADERSHIP
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at Varian by Jack Ruetz, Monty Rogers, Willis
Yocom, John Sullivan and Wells Dodds.

¢

VA-121 traveling-wave
amplifier-synchrodyne
or serrodyne driver for
high power S-band
pulse applications. Per-
forms to detailed speci-
fications of phase and
amplitude stability to
meet the stringent re-
quirements of phase-
coherent MTI radar
systems.

Power Output 25-40 watts

Saturation Gain 30 db min.
Duty Cycle .01 max.
Beam Voltage 2250 volts

Grid Pulse Voltage -+ 27 volts

VA-161 backward wave
oscillator for use in tun-
able radar local oscilla-
tor, countermeasure
and bench and test ap-
plications. In the fre-
quency range from 8.2
to 12.4 kMec.

Power Output 30 to 120 mW
Anode Voltage 150 to 600 volts
Permanent Magnet
Size: 418 x 5 x 612 inches
Weight: Approx. 6 lbs.

VARIAN associates

&

PALO ALTO 7,

CALIFORNIA

Representatives in all principal cities
KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS,
R. F. SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES

© 1957 SCIENTIFIC AMERICAN, INC
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NATIONAL *—" %
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NOR | H E RN Test a rocket motor’s performance at 100,000 feet altitude...deter-
mine how extremes of temperature affect explosive and propellant

charges...develop igniters of maximum sturdiness and reliability.
These are typical activities at National Northern Division, West Han-

=" newest A P & CC d”:’v’l:sfion over, Mass., latest addi?ion to the AM.El.%ICAN PorasH family. Here, a

Dedicated to research,

qualified staff of scientists and technicians conducts research, devel-
opment, field testing and production of propellants for rockets and
missiles, explosives, pyrotechnics, detonators, igniters, squibs, gas
generators, fuzes and other items.

Extreme environmental conditions are simulated in the laboratory

development and pTOdIM’Ct?’OIn m or encountered in actual field tests on the firing range at West Han-

over or the 1900-acre test range at Halifax, Mass. Here, too, AP&CC

ro c k et owl e r will extend its facilities for the investigation and development of
p TRONA* boron, lithium and perchlorate chemicals in high energy fuels.

technology

<>

For more than ten years National Northern has demonstrated its
ability to work in close coordination with others. As an integral part
of AMERICAN PoTASH & CHEMICAL CORPORATION it is ready to go to
work for you!

We invite inquiries leading to research and production contracts.

NATIONAL NORTHERN'S CURRENT FIELDS OF ACTIVITY:

ROCKET-MOTOR-IGNITER DEVELOPMENT . GAS GENERATORS L SURVEILLANCE TESTING OF
EXPLOSIVES AND AMMUNITION . EFFECT OF ALTITUDE ON PERFORMANCE OF EXPLOSIVES,
PROPELLANTS, TRACERS AND INCENDIARY ELEMENTS . DESIGN OF ELECTRIC DETONATORS AND
SQUIBS # AIRCRAFT VULNERABILITY TESTS AND EVALUATION o EXPLOSIVE METAL FORMING

American Potash & Chemical Corporation

3030 WEST SIXTH STREET, LOS ANGELES 54, CALIFORNIA
99 PARKAVENUE, NEW YORK 16, NEW YORK

T NATIONAL NORTHERN DIVISION
© 1957 SCIENTIFIC AMERICAN, INC {OVER, MASSACHUSETTS TRADEMARK AP&CO

*
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Du Pont’s engineered fibers. . .nylon, “Dacron’’,
“Orlon” ,“Teflon”’ and “Super Cordura’...offer
unique opportunities for shaping the future

How a fiber solved an

Imagine a fiber replacing a super-alloy! That’s
exactly what was done in the example shown above. The
ball you see in the control-shaft rod end rotates against
an inner liner made of a fabric of “Teflon’ fiber. This
bearing is free from any need for external lubrication.
What’s more, the breakaway friction of this joint is less
than half that of a standard greased joint under the
same compression load. The running friction is corres-
pondingly lower, too. In fact, only “Teflon’ fiber fully
solves the bearing-material problem for rod ends as set
forth in military specifications for supersonic aircraft.
In addition, many civilian design problems are being
solved by non-lubricated bearings—notably in the food
and textile industries.

“Teflon” fiber has other properties that provide an-
swers to many varied design problems. It is completely
unaffected by practically all chemicals, including boiling
aqua regia, and all other organic solvents. ‘“Teflon”
fiber may be used in continuous processes running at
temperatures up to 525°F'. It has given satisfactory per-
formance in tests as low as -100°F. Moisture pickup of
“Teflon” fiber is zero. It has a 0.22 coefficient of friction

—Ilowest of any known fiber. Its cold-flow resistance is
amazing. And the tensile strength of ‘“Teflon” fiber at
room temperature is 50,000 psi—25 times stronger than
molded “Teflon” resin. Like other Du Pont industrial
fibers, its combination of properties is unique among in-
dustrial raw materials. Many engineers are looking to
the remarkable properties of these fibers to meet the in-
creasing demands of modern equipment design. For ex-
ample:

Do you know that ‘“Dacron’’** polyester fiber can
be heated in air at 300°F. for a week, with no sign
of color change or degradation? (‘“‘Dacron’’ made
possible a rot-proof high-temperature drying felt
that speeds production of papermaking machines.)

Do you know that cordage of Du Pont nylon has
about twice the strength of natural-fiber ropes?
(Nylon towing hawsers have outlasted conventional
types 6 to 1.)

Do you know that ““Orlon’’t acrylic fiber is ex-
tremely resistant to moisture and weathering, even
in the presence of industrial fumes? (Now, plastic
ducts reinforced with ‘“Orlon’’ tame storms of sul-
furic-acid vapor.)

© 1957 SCIENTIFIC AMERICAN, INC
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COMPARISON VALUES OF BEARING FRICTION

SPECIMEN®1

a0 —  le—GAlED ] 0000

Exhaustive tests show that bearings lined with fabric of Du Pont ‘‘Teflon"'*
tetrafluoroethylene fiber, operating without lubrication and under much higher
loads, outperform lubricated metal bearings.

SPECIMEN®2
" ZALLED

Fabric of ‘‘Teflon”

0% G T — used inaircraft rod-
0 o end bearings (mag-
Sis nified).

“insolvable” hearing problem

Do you know that ““Super Cordura’’{f high tenacity
rayon gives the most strength per dollar of any
fiber? This rayon provides a wet strength greater
than the dry strength of yesterday’s rayon yarn.
(“‘Super Cordura’’ makes possible ore-carrying con-
veyor belts that cut handling and shipping costs
substantially.)

The offer (at right) of a new handbook of Du Pont fiber
properties and uses may help to open new rewarding
applications for you. We remind you, too, of our fiber
information and technical-aid facilities. A new $2,000,000
Du Pont laboratory is solely devoted to research on the
industrial uses of our fibers. We’ll be glad to supply
technical information about fibers that may be helpful
in your own research and development work.

REG. U.S. PAT.OFF
BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY

HANDBOOK OF DU PONT FIBERS IN INDUSTRIAL USES

The 80 pages of this definitive fact book are written
for the engineer and designer. The properties of
DuPont fibers are described in detail. For two dozen
basic industrial applications—including fabrics, felts,
hoses, nets, laminates, covers, ropes, etc.—technical
and performance data are presented. This brand-new
handbook is designed to assist you in using synthetic
fibers to improve existing products and processes or
in making new and unconventional products. For your
copy, write to: E. I. du Pont de Nemours & Co. (Inc.),
Textile Fibers Department, 5518 Nemours Building,
Wilmington 98, Delaware.

*“Teflon” is Du Pont’s registered trademark for its tetrafluoroethylene
fiber and its fluorocarbon resins.

**“Dacron’’ is Du Pont’s registered trademark for its polyester fiber.
1Orlon” is Du Pont’s registered trademark for its acrylic fiber.

11“Super Cordura’ is Du Pont’s registered trademark for its high
tenacity rayon yarn.

© 1957 SCIENTIFIC AMERICAN, INC
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PUTTING BODY RESPONSES ON TAPE SPEEDS RESEARCH

IN

Q: How do environmental conditions
affect the total physiology of a
human being?

Q: What are the effects of age, sex,
health, etc., on work performance,
and what range of variation can
be expected within each group?

Q: How does the body regulate tem-
perature and respiration under
varying environmental conditions
and exercises?

The answers to the questions posed
above cannot be found in the litera-
ture. Why? Not too little data, but
far too much . . . so scattered that it
cannot be brought together for in-
tegration and analysis. Now, strides
forward in the techniques of auto-
matic data handling may help scien-
tists provide the answers.

Consider the problem posed by
the study of a man repeating a
simple manual task. The force he
exerts can be measured by placing
him on a ballistic platform. But ten
minutes of experiment might easily
necessitate afullday of computation.
Repeating the experiment in other
environments multiplies the days of
computation. To study the effect of
fatigue on his performance means a
full day of experiment in each en-
vironment . . . months of computa-
tion. A significantly large number of

52

HUMAN PHYSIOLOGY

subjects assures valid conclusions,
but means scores of man-years of
mathematics. And integrating body
temperature, heart rate, etc., into
your results requires scores more.

The availability of large com-
puters has now made such analysis
conceivable. But only the develop-
ment of magnetic tape data record-
ing has made it feasible.

Magnetic tape is the vital link
between experiment and computer.
Accepting electrical signals from
measuring instruments, it stores the
information for long periods of time
... plays it back in exactly the same
form . . . the one language all elec-
tronic data analysis equipment un-
derstands. It further offersthe facility
of high data storage density. Far
more data can be economically
stored than a single typical experi-
ment demands, and the surplus data
used in future studies. Portability
permits data recorded on the spot to
be analyzed a continent away with
no loss of time or accuracy.

The techniques of magnetic tape
data recording were first developed
less than a decade ago by the Davies
Laboratories Division to solve sim-
ilar problems in the field of aircraft
vibration analysis. The first systems
specifically designed for physiologi-
cal research have just recently been

© 1957 SCIENTIFIC AMERICAN, INC

placed in operation. Designed for
flexibility, they economically meet
initial demands for data capacity,
yet may be expanded at little expense
to satisfy changing requirements.
Up to thirty-six individual tracks of
data can be simultaneously recorded

. and interchangeable electronics
permit recording each kind of data
by the most desirable technique . . .
Direct, FM, or PWM. Up to six
recording and playback speeds can
be chosen at the flip of a switch for
data expansion or contraction. The
same system will play back data to
associated analysis equipment, or
the reel can be shipped to remote
analysis facilities.

Considerable information on mag-
netic tape data recording and how
it might be best applied to your
data recording, reduction, and anal-
ysis needs is provided in our Bul-
letin 1001, available on request to
Minneapolis-Honeywell Regulator
Company, Davies Laboratories Di-
vision, 10721 Hanna Street, Belts-
ville, Maryland. WEbster 5-2700

M I NNEAPOLI!I S

Honeywell

DAVIES LABORATORIES DIV.



Invisible infrared unlocks the secrets of molecular structure.

The hue you can’t see is the brightest

Beyond the visible lies an unseen hue—infrared—that is bright-
ening industrial horizons in research and quality control.
Infrared harnessed to electronics and optics lets you “'see'
molecules . . . identify them, determine their structure. For the
military, infrared can spot targets—a plane, tank or factory. It
can take a photo in pitch darkness, unerringly guide a missile.

To take full advantage of the capabilities of infrared requires
optical, electronic and mechanical skills. Perkin-Elmer, because

it combines these skills to a high degree, was one of the first to
put infrared to work in the laboratory . . . has made over half
of all infrared instruments for this use . . . produces related
infrared equipment for process control in industry, and infrared
systems for military reconnaissance and missile control.

If you'd like to know more about IR, and what it can do for
industry, write for “Infrared, Frontier Frequency.”

Perkin-Elmer Coponation.

NORWALK,

CONNECTICUT

© 1957 SCIENTIFIC AMERICAN, INC
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build tomorrows missiles?

Chance Vought is making them right now...

FACILITIES—Chance Vought
occupies 215 million square feet of
modern plant facilities situated in
Dallas, Texas. Close to a large pool
of skilled manpower, and with ample
manufacturing space, Vought is able
to handle quantity production with
maximum quality control. Tools and
equipment are modern and of suffi-
cient scope to handle the toughest jobs
in a complex missile age.

RESEARCH—R & D progress has
always been of prime importance to
Vought. Both in piloted aircraft and
missile systems, research and develop-
ment people at Vought have access to
the finest equipment and facilities in
the world—including the only low-
speed wind tunnel in the Southwest
and a now-building Mach 5 wind
tunnel for advanced design research
in hypersonic aircraft and missiles.

ENGINEERING — Traditionally
strong in this vital area, Vought today
has the capable mindpower to set the
pace to tomorrow. In such important
missile engineering areas as elec-
tronics, propulsion, guidance con-
trols and aerodynamics, Vought
engineering teams have the experi-
ence to give systems development full
integration for the improvement of
the final product.

The missile age belongs to those who can
deliver the goods. Chance Vought has deliv-
ered...for through the highly successful
Regulus Tandthebold new Regulus I projects,
U. S. Missile Power has gained two workable
“birds™, both capable of reliable high per-
formance under a wide variety of conditions.

The experience gained by Vought missile
engineers on the Regulus I project covers the
entire weapons system development. From
the missile itself, to training aids, operational
techniques and logistics, Vought-perfected
procedures condition the missile for life in its

CHANCE

O”GHT ATiRCERA Yy o & "a.mmvmsmv

I NCORPORATEOD -

military environment. The same complete sys-
tems integration is now in work on Regulus II.

Today, there is no other company that has
such a backlog of working knowledge in
complete surface-to-surface missile systems
development. This practical experience won
by Vought engineers is a realistic expression
of a capability that turns R & D knowledge
into useful “hardware”. Who will build to-
morrow’s missiles? The dynamic successes
of many years of missile experience tell you
that one of tomorrow’s builders will be
Chance Vought.

o, OF MILITAR,;.
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T
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1917 101951

LDALLAS, TEXAS,
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INCREDIBLE TOMORROWS...
THROUGH TODAY’'S METALLURGY

Toward the useful application of man’s newest servants, the
electron and the neutron, ASARCO’s Central Research Lab-
oratories contributed much. Working with RCA electronic
engineers, they have provided metals and elements of
incomparable purity for the development of revolutionary
electronic heating and cooling systems. Almost without
exception, other major producers of electronics equipment
use ASARCO'’s products, facilities or knowledge.

For the Atomic Energy Commission, ASARCO provides
copper of such purity that contamination is measured in
parts per million. Experimental work with this pure metal
has shown great opportunities for increasing the efficiency
and reducing the cost of electrical transmission apparatus.

AMERICAN SMELTING AND REFINING COMPANY
120 Broadway, New York 5, N.Y.

For experimental purposes, and for production quan-
tities as required, ASARCO makes available eleven high-purity
non-ferrous metals and elements: Arsenic— Bismuth —Cad-
mium — Copper — Indium —Lead — Selenium —Silver —Tellu-
rium — Thallium — Zinc. The knowledge of refining that
makes these higher purity metals available also serves
industry by providing process information to reduce metal-
working costs and improve product performance.

If your research people need to know more about any
of the non-ferrous metals and their alloys, ASARCO’s metal-
lurgists can provide information to save time and preliminary
work. And, of course, pure metals and special alloys are
available for detailed experimentation.

ASARCD

© 1957 SCIENTIFIC AMERICAN, INC



(Advertisement)

Molecule Magic

(Advertisement)

Self-heating winter gardens, automatic rain at half price,
and giant overcoals for buildings under construction
are among the miracles now possible with polyethylene

ansies among the snowdrifts are
P a common sight in the horti-

cultural gardens of the Univer-
sity of Kentucky. For it is here that
Dr. E. M. Emmert developed his
famous “midget greenhouses”—knee-
high tents of polyethylene film. Be-
cause these tents hold ground heat
in, they become self-heating winter
gardens.

Dr. Emmert has periodically star-
tled the horticultural world with other
imaginative applications of polyethy-
lene film. For instance, he has used
polyethylene film for mulch, and for
building full-sized greenhouses at
about 1/30 the cost of glass.

The miracles of polyethylene have
produced equally startling results in
other areas of human activity.

Polyethylene can make grass grow
where it’s never grown before. Tech-
nique is to scratch the bald spot with
a rake, sow the grass, pat the earth
over it, and soak the ground with
a fine spray. Then cover the bald spot
with a patch of polyethylene film.
Sunshine does the rest.

In flexible pipe form, polyethylene
can be installed in your lawn as a

i .
ROSES CIRCLED THE GLOBE recently

lene-laminated paper. Scientist J. P. Mahl-
stead inspects roses after trip.

without water or dirt, wrapped in polyethy-

By F. L. Pyle

Vice-President, Plastics Division
Spencer Chemical Company

sprinkler system that will give you
“automatic rain” at about half the
price of the metal pipe.

Remarkable though these uses are,
Spencer Chemical Company
(makers of “Poly-Eth” Polyethylene)
believes they are only the beginning
for a plastic that breathes, stretches
and bends, floats on water, makes
ideal insulation, and is acid-proof
and almost unbreakable.

In addition, Spencer has developed
a special boilable polyethylene, a
test-proven superior pipe resin, and
resin for a glass-clear polyethylene
film. Agreeing with those experts
who predict a billion-pounds-a-year
eventual consumption, Spencer is now
doubling its polyethylene capacity.

If you’d like to know more about
polyethylene, ask for Spencer Chemi-
cal Company’s special reports. Among
them are: “Polyethylene for Early
Gardens,” “58 Home Uses for Poly-
ethylene,” “New Uses for Polyethyl-

ene in Construction.” Write to Spen-
cer Chemical Co., 500 Dwight Build-
ing, Kansas City 5, Mo.

SPENCER CHEMICAL COMPANY

“America’s Growing Name in Chemicals”

$10,000 GREENHOUSE FOR ONLY $455
is one of many amazing feats by Professor
E. M. Emmert. Emmert has pioneered in
applying polyethylene to gardening.

© 1957 SCIENTIFIC AMERICAN, INC

SPENCER ALSO MAKES Nylon for mold-
ing and extrusion that processes more eas-
ily than types previously available. Picture
above shows some of the many applications.

CAREER OPPORTUNITIES with Spencer
Nylon and Spencer “Poly-Eth” await tech-
nicians in research, production, technical
service, development and sales.

SNUG IN 60-MILE-AN-HOUR GALE,
workmen continued building Brown Uni-
versity dorm. Construction was “gift-
wrapped” in polyethylene film. :
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THE MOSELEY

AUTOGRAF

X-Y RECORDER trade mark

Wherever mechanical, physical or electrical data is collected, the Moseley
AUTOGRAF X-Y Recorder has earned an enviable reputation as a reliable
and economical means for rapid, accurate automatic graphic recording.
Precision manufactured and tested, the AUTOGRAF is available in a
complete choice of models for bench use, rack mounting, large or small
standard graph paper. A full line of accessories adapt the AUTOGRAF
to almost any data translating problem, including card or tape reading,
point plotting, curve following and curve drawing.

Model 60 Logarithmic Converter

Model 20 DC Voltmeter A servo- 60 db dynamic range; AC or DC;
actuated electronic voltmeter with 20-20,000 cps; with AUTOGRAF and
large, easy to read linear scale. appropriate signal generator auto-
Ranges from 3 millivolts to 300 matically plots gain-frequency
volts. Available with digital output. characteristics.

F.L. MOSELEY CO.

409 N. FAIR OAKS AVENUE, PASADENA, CALIFORNIA

Bulletins with complete information will be furnished on request.

© 1957 SCIENTIFIC AMERICAN, INC
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HERMAN F. MARK (“Giant Mole-
cules”) is himself one of the giants of the
exciting new field of polymer chemistry.
Born in 1895 in Vienna, the son of a
prominent physician, Mark early distin-
guished himself in athletics as well as
scholarship: he played in the Austrian
national soccer league at 17. An excel-
lent skier, he joined an Austro-Hungari-
an mountain regiment during World
War I, fought on two fronts, rose from
private to captain and was captured by
the Italians, from whom he eventually
escaped disguised as a British officer.
(His knowledge of the physical proper-
ties of snow later made him an invalu-
able member of the team that developed
the snow-traversing “weasel” in 180 days
during World War I1.) In 1921 he re-
ceived a Ph.D. summa cum laude from
the University of Vienna. He taught for
a year at the University of Berlin, then
moved on to the Kaiser Wilhelm Insti-
tute for Fiber Chemistry, where the first
X-ray studies of polymers were made. In
1926 he joined the research laboratories
of 1. G. Farbenindustrie, where he col-
laborated on classic studies of cellulose
and other polymer structures. When the
Nazis came to power, Mark resigned
from I. G. Farben and became director
of the First Chemical Institute of the
University of Vienna. The German in-
vasion of Austria caused his dismissal
from the University and from the city’s
board of education, of which he had
been an active member. For two years
he worked for a Canadian pulp com-
pany; then he accepted a teaching post
at the Polytechnic Institute of Brooklyn.
There he gathered a group of U. S. and
refugee scholars which in five years grew
under his leadership into the Polymer
Research Institute. The fact that five of
the contributors to this issue of Scien-
TIFIC AMERICAN have been associated
with the Institute will give some idea of
its importance in the development of
polymer chemistry.

PETER J. W. DEBYE (“How Giant
Molecules Are Measured”) is, like Her-
man F. Mark, one of the pioneers in the
new field of science to which this issue of
SCIENTIFIC AMERICAN is devoted. Born
in Maastricht, the Netherlands, in 1884,
he was trained first as an electrical en-
gineer at the University of Aachen, then
acquired a Ph.D. in physics at the Uni-
versity of Munich in 1906. In the period
from 1910 to 1934 he held professor-



WHAT CAN YOU DO WITH THESE 3 NEW COLLOIDS ?

GUAR GUM

JAGUAR® NOW IN MANY TYPES

JAGUAR is Stein Hall’s trade name
for Guar Gum. JAGUAR, announced
to the world only four years ago, is
now being used by hundreds of in-
dustrial manufacturers because of
its ability to solve unusually difficult
problems, and to perform better and
more economically than other col-
loids. You may also find one of the
many new types and variations of
JAGUAR useful in your laboratory,
both in solving old problems and in
developing new products.

JAGUAR produces extremely high vis-
cosity at low concentrations

JAGUAR is cold water swelling

JAGUAR develops its properties over
a wide pH range

JAGUAR has excellent thickening,
film forming and stabilizing properties

JAGUAR in trace quantities has ex-
cellent flocculating and filter-aid prop-
erties

JAGUAR is a natural vegetable pure
food colloid

JAGUAR is available in many stand-
ard types and can be tailor-made to
meet specific end use requirements

JAGUAR is domestically produced in
Stein Hall plants

JAGUAR is economical to use

JAGUAR is freely available in large
tonnage quantities

*Developed and patented
by AVEBE of Holland

285 MADISON AVEMUE

We invite your inquiries regarding these remarkable, new

products . .

us on your company letterhead or fill in this coupon.

NEW YORK 17, M. Y.

. available exclusively from Stein Hall. Write

AMYLOPECTIN

AMYLOSE

AMYLOSE AND AMYLOPECTIN FRACTIONS OF
STARCH NOW COMMERCIALLY AVAILABLE

A unique, patented* and exclusive separation process now makes
refined Amylose (straight chain fraction of starch) and Amylo-
pectin (branched chain fraction of starch) available at low cost.
Scientists familiar with starch have long been interested in work-
ing with the separate fractions of starch and exploring their
possible uses. Now, Stein Hall makes these products commercially
available in large tonnage quantities. Available in standard types
or modifications to meet specific end uses.

Amylopectin is sold under Stein
Hall’s trade name RAMALIN.
RAMALIN has many advan-
tages over other commercially
available Amylopectins:

RAMALIN is a giant molecule
with a molecular weight of over
1,000,000

RAMALIN is readily dispersible
and cold water soluble

RAMALIN has low viscosity at
high concentrations

RAMALIN forms fluid stable
solutions

RAMALIN is more reactive

RAMALIN, when combined with
resins, forms water-resistant
films and coatings

RAMALIN has a greater affinity
to many fibers and other mate-
rials

RAMALIN has indications of
superior flocculating properties

RAMALIN is a pure food mate-
rial

Amylose is sold under Stein Hall’s
trade name SUPERLOSE.
SUPERLOSE is the only com-
mercially available Amylose. It
has these known properties:

SUPERLOSE is a giant mole-
cule with a molecular weight of
150,000

SUPERLOSE has outstanding
film strength and is suitable for
film and fiber manufacture

SUPERLOSE forms water and
grease resistant films and coat-
ings

SUPERLOSE is suggested for
application in paper, textiles and
other fields

SUPERLOSE can be made vis-
cosity stable for extended periods
of time

SUPERLOSE can be supplied as
a dry powder or stabilized solu-
tion

SUPERLOSE is a pure food
material

r—————

—— ——— e e s ey

Stein, Hall & Co., Inc., Colloid Department SA-9
285 Madison Avenue, New York 17, N. Y.

Please send me at once your descriptive booklets and free samples of
() SUPERLOSE ( ) RAMALIN () JAGUAR
No obligation, of course.

Company.

Address____
City_ -
L

|
|
I
|
[
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I
|
|
|
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In this Pushbutton World

it’s important for manufacturers

to push the right button...

| PLENCO PHENOLICS
PLASTICS ENGINEERING COMPANY |

SHEBOYGAN, WISCONSIN

Serving the plastics industry in the manufacture of high grade

phenolic molding compounds, industrial resins and coating resins.
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| ships of theoretical or experimental
physics at the universities of Zurich,
Utrecht, Gottingen and Leipzig. From
1934 to 1939 Debye was professor of
physics at the University of Berlin and
Director of the Max Planck Institute. In
1939 he left Germany and became pro-
fessor of chemistry and head of the
chemistry department of Cornell Uni-
versity. He became a naturalized citizen
of the U. S. in 1946, and retired from
Cornell in 1952. Since 1910 Debye has
been investigating the scattering of light
as a means of studying giant molecules.
This profitable vein of research has led
to the method of powder crystallogra-
phy, the investigation of single mole-
cules by X-ray and electron diffraction,
and the explanation of the quasi-crystal-
line structure of liquids. In 1936 Debye
received the Nobel prize in chemistry.

GIULIO NATTA (“How Giant Mole-
cules Are Made”) was born at Imperia
on the Italian Riviera and studied chem-
istry at the Polytechnic Institute of
Milan, graduating as doctor of engineer-
ing in 1924. He taught at the universities
of Rome and Pavia before returning to
his alma mater in 1939 as professor of
industrial chemistry. Natta was the first
chemist to synthesize wood alcohol; later
he devised a method to convert alcohol
into butadiene—a development which
led to the founding of Italy’s synthetic-
rubber industry. He is a fellow of the
Accademia dei Lincei, Italy’s national
academy.

ARTHUR V. TOBOLSKY (“The Me-
chanical Properties of Polymers”) last
year won the Bingham Medal of the So-
ciety of Rheology for his contributions to
the structural knowledge of giant mole-
cules. He is associate professor of chem-
istry at Princeton University and, at
present, chairman-elect of the Division
| of Polymer Chemistry of the American
Chemical Society. Born in New York
City, Tobolsky attended Columbia Uni-
versity, from which he graduated in
1940. In 1944 he earned his Ph.D. at
Princeton, where he has been ever since,
except for five years of commuting dur-
ing which he doubled as adjunct profes-
sor at the Polytechnic Institute of Brook-
lyn.

GERALD OSTER (“Polyethylene”)
is associate professor of polymer chemis-
try at the Polytechnic Institute of Brook-
lyn, where he works in the High Polymer
Institute and does research on the scat-
tering of light and X-rays by viruses and
giant molecules. Born in Providence,
| R.L, in 1918, he graduated from Brown




ELECTRON-BEAM
GENERATOR

a G-E product in step
with your progress

These polyethylene bottles were kept
at 2507 for 20 minutes, The erect
irradiated pair also has improved re-
sistance to detergents, acids, solvents.

Materials acquire new
properties from this

giant—molecule maker

Speed up electrons in a vacuum to a velocity approach-
ing that of light — and you've a means of imparting
new and improved chemical and physical characteristics
to familiar materials. Under the guidance of the
electron chemist, irradiated low-molecular-weight
monomers change to giant polymer molecules.

For instance, the long molecules of a high polymer
like polyethylene can be crosslinked by irradiation to
provide a better product. The only difference between
the polyethylene bottles in the photo above is that the
two still erect were irradiated with a General Electric
Electron-Beam Generator before being subjected
to the same temperatures as the shapeless masses.

Molecule building like this happens with no addi-
tion of heat, chemicals or catalysts. Other examples:
polymer rubber is vulcanized (crosslinked) without
sulfur or heat. Petroleum hydrocarbons are converted
into gasoline hydrocarbons of higher octane ratings
without catalysts.

Why not investigate the potential electron-beam
irradiation holds for your products. Your G-E x-ray
representative will be glad to initiate a mutual in-
vestigation. Or write for folder “‘Electron Chemistry
— New Frontier of Science” to X-Ray Department,
General Electric Company, Milwaukee 1, Wisconsin.
Ask for Pub. TT-94.

Progress ls Ovr Most Important Prodvct

GENERAL &3 ELECTRIC
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‘We've piloted BORONS since World War II

...our technology in new
compounds may give you
better product ideas

Long before boron chemistry gained its present significance,
Callery’s task force was already at work, tracing the properties of
boron compounds through pilot investigations.

The AMINE BORANES are one of several groups of new
boron compounds, by-products of our research and development in
high energy fuels. We are just beginning to determine the scope
of their applications. For instance, we have found they are poly-
merization catalysts and inhibitors for acrylates and vinyl com-
pounds. Trimethylamine borane (CH3)sN:BHs—pyridine borane,
CsHs;N:BH3z—dimethylamine borane, (CH3):NH:BHj3; are water
and organic soluble hydridic reducing agents, effective even in
glacial acetic acid. They are being tested as antioxidants, catalysts,
stabilizing and biological agents. Available now in laboratory
quantities—production quantities soon.

Write for Bulletin C-200 for more information on the properties

of amine boranes.
Phone: FOrest 4-1130

BOROHYDRIDES ¢ ALKYL BORATES ¢ BORON HYDRIDES ¢ AMINE BORANES
ALKALI METAL HYDRIDES ¢ BOROXINES ¢ HICAL® HIGH ENERGY FUEL

LLERY

CHEMICAL COMPANY

PITTSBURGH 37, PENNSYLVANIA
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University in 1940 and received a Ph.D.
in physical chemistry from Cornell Uni-
versity three years later. Thereafter he
was a research associate of the Massa-
chusetts Institute of Technology (in di-
electrics) and Princeton University (in
biophysics). From 1945 to 1948 Oster
served on the staff of the Rockefeller
Institute for Medical Research. He then
was a Rockefeller Foundation Fellow for
two years in London, first at the Birk-
beck College Research Laboratory and
then at the Royal Institution. The fol-
lowing year he was a visiting scientist at
the universities of Strasbourg and Paris,
and in 1951 he joined the staff of Brook-
lyn Poly.

R. D. PRESTON (“Cellulose”) re-
ceived his undergraduate and graduate
training at the University of Leeds,
where he is now professor of plant bio-
physics and dean of the faculty of arts
and science. After taking a Ph.D. in
botany in 1931 he held the 1851 Exhibi-
tion Fellowship at Leeds for three years,
then came to the U. S. as a Rockefeller
Foundation Fellow at Cornell Univer-
sity. In 1936 Preston returned to Leeds
and took the post of lecturer in botany.
There he carried out research on the
submicroscopic structure of plant cells.
In 1943 he received the degree of Doc-
tor of Science. He has published some
80 scientific articles and a book on the
molecular architecture of plant cell
walls, and is editor of the Scientific Pro-
ceedings of the Leeds Philosophical So-
ciety. In 1954 Preston was elected a Fel-
low of the Royal Society.

PAUL DOTY (“Proteins”), editor
of the Journal of Polymer Science, is
a Harvard University physical chemist
who was once an assistant professor of
chemistry at the Polytechnic Institute of
Brooklyn. Born in Charleston, W. Va.,
in 1920, Doty studied at Pennsylvania
State College and at Columbia Univer-
sity, where he took his Ph.D. under J. E.
Mayer. At that time he had already be-
gun his association with Brooklyn Poly;
during his three years there he directed
a research project for the U. S. Army
Quartermaster Corps. In 1946 Doty
went to the University of Cambridge as a
Rockefeller Foundation Fellow. The fol-
lowing year he taught at the University
of Notre Dame, and in 1948 he joined
the Harvard faculty, where he soon rose
to full professorship. He is at present
chairman of the Federation of American
Scientists.

F. H. C. CRICK (“Nucleic Acids”)
disclaims the title of biologist. He says:
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NMIR*

a powerful technique for
probing giant molecules

*Nuclear Magnetic Resonance

MAGNETIC

64

As demonstrated in an exhaustive study of polyethylene**
the Varian Dual Purpose NMR Spectrometer can provide

vital clues about molecular processes in certain materials,

made up of giant molecules.

Under a precise, powerful magnetic field, each proton
(hydrogen nucleus) behaves as a tiny spinning magnet. By
the techniques of NMR, the proton's motion reveals its
reaction to its neighbors. Thus each proton becomes a
"“spy’ implanted in the molecular structure.

In this polyethylene study, NMR spectra taken under a
variety of conditions yield a series of clues — first the re-
lationship of the two protons in a CH, group — then the
relation of the group to a polymer chain —and finally
the interactions between groups on neighboring chains.

NMR Spectroscopy offers a unique approach to molecu-
lar study, and is often complementary to other techniques.
NMR yields additional parameters of molecular behavior,
and because of these can verify or question the deduc-
tions from other approaches.

**Qur complete report on the NMR study of polyethylene
(new Varian Technical Information Bulletin Vol. II No. 2)
may suggest a fresh approach to the giant molecules of
interest to you. May we send you a copy?

0 VARIAN associates
D

INSTRUMENT |DIVISION

PALO ALTO 7, CALIFORNIA
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i “I usually call myself a molecular biolo-
| gist, a very different creature.” At the
I University of Cambridge, where he pur-
sues the discipline of molecular biology,
Crick has done basic research on the
structure of viruses, collagen and nucleic
acids. He now finds himself most inter-
ested in molecular genetics and protein
synthesis. This is his second article for
SCIENTIFIC AMERICAN; his first, entitled
| “The Chemistry of the Hereditary Mate-
rial,” appeared in October, 1954. Re-
cently he worked for a year at the Poly-
technic Institute of Brooklyn.

FRANCIS O. SCHMITT (“Giant
| Molecules in Cells and Tissues”) is In-
stitute Professor of Biology at the Massa-
chusetts Institute of Technology. Born in
St. Louis in 1903, his first ambition was
to be a surgeon and he took the pre-
medical course at Washington Univer-
sity. There he became interested in cell
structure and decided to give up sur-
gery for cytology (his first paper on the
subject was published in the year of his
graduation, 1924). As a young graduate
student at Washington University,
Schmitt was inspired by the work of
Jacques Loeb on proteins to abandon
prepared slides and become a cell physi-
ologist. But with the arrival of electron
microscopy and polarization optics ap-
plied to cells, he began once more to
study the molecular structure of life.
After receiving his Ph.D. in 1927, he was
a National Research Council Fellow for
a year at the University of California,
then did two more years of postdoctoral
| research in London and Berlin before
| returning to Washington Univeisity as a

staff member. By 1940 Schmitt was head
of the zoology department at Washing-
ton University. The following year he
was made a professor at M.L.T., where
he soon became head of the department

of biology.

GILBERT RYLE, who reviews the
life and work of Ludwig Wittgenstein in
the book section of this issue, is Wayn-
flete Professor of Metaphysical Philoso-
phy in the University of Oxford and
editor of Mind, the distinguished British
journal of philosophy and psychology. A
bachelor and lifelong Oxford man, he at-
tended Queen’s College (where he was
captain of the boat club), graduated
with first-class honors, and became a
tutor in Christ Church College in 1924.
In World War II he was commissioned
in the Welsh Guards and rose to the
rank of major. He is the author of two
books, The Concept of Mind and Di-
lemmas.
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” HYDRAULIC
PRESEURE

LUBRICANTS...for the Daedalus to circle the moon

If you work with avant-garde, special-
ized engineering—for jet aircraft, rocket
flight through space, or cross-country
turnpike cruisers—you run smack up
against a need for particular kinds of
liquids for special kinds of work. You
might find you need a special coolant
that slows down neutrons; a hydraulic
fluid with a particular viscosity range;
a fire-resistant or high-temperature lubri-
cant. Such functional fluids must be
chemically made to meet the demands
of the operation: higher temperatures,
greater velocities, extreme pressures,
highly critical operating environments.

In your development of new engineering
design in the field of servomechanisms,
aerodynamics, applied hydraulics—
Monsanto can assist you greatly with
the development of the kind of func-
tional fluid your work requires—from
synthetic lubricants for turbine-engine
cars to operable hydraulic fluids for rock-
ets that approach the thermal barrier.

Here are some examples of fluids now
undergoing field evaluation which show

how Monsanto can help meet special-
ized needs for ‘‘chemically tailored”
lubricants:

Monsanto, to date, has developed: Fire-
resistant hydraulic fluids for aviation
and industrial applications including:

PYDRAUL* F-9, PYDRAUL 150,
PYDRAUL 600, PYDRAUL AC,
PYDRAUL 60, PYDRAUL 625,
SKYDROL*, and SKYDROL 500.

Thermally stable synthetic hydraulic
fluids for guided missiles and super-
sonic aircraft including OS-45, Type 111,
and 0S-45, Type IV.

Monsanto is presently developing: Fire-
resistant steam turbine lubricants; nu-
clear reactor coolants; radiation resist-
ant hydraulic fluids and lubricants; 700°
F. jet engine lubricants; synthetic auto-
matic weapons lubricant.

Monsanto has programmed for devel-
opment: “Chemically tailored” fluids
for automotive use such as improved
high-temperature brake fluids, superior

© 1957 SCIENTIFIC AMERICAN, INC

automatic transmission fluids, synthetic
lubricants for automotive gas turbine
engines, and, for the aircraft field: hy-
draulic fluids and lubricants capable of
operating in the range of 800° F.-
1000° F.

When you require a special fluid for
special needs, you are invited to con-
tact Monsanto . . . the pioneer in devel-
opment of synthetic functional fluids.

Organic Chemicals Division; Dept SA-2
MONSANTO CHEMICAL COMPANY
St. Louis 1, Missouri

*Reg. U. S. Pat. Of.
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NUCLEAR NEWS FROM ATOMICS INTERNATIONAL

Continuing Progress at Al
Advances Nuclear Technology
For Many Tasks, in Many Lands

Highlighting progress in the many and
diversified reactor programs at Atomics
International are significant develop-
ments in the two major power reactor
approaches underway by Al for the
Atomic Energy Commission—the So-
dium Reactor Experiment and the Or-
ganic Moderated Reactor Experiment. Critical Moment: On April 25, the

Forecasts Confirmed. On April 25
the 33rd fuel element was introduced
into the SRE, and sustained nuclear
fission was achieved. The critical load-
ing confirmed earlier calculations. On
July 12 heat from the SRE reactor was
used by the Southern California Edison
Company to generate electricity. This
power was fed over utility lines to
Edison consumers. Data obtained from
the SRE will be used in the design of a
75,000 kw Sodium Reactor power
plant proposed for the Consumers
Public Power District of Nebraska.

Power Ashore, Propulsion Afloat. o |and and Sea: A versatile nuclear reactor concept—the OMRE.
Similar studies are starting on the .

OMRE, recently constructed at the |

AEC’s National Reactor Testing Sta- |
tion in Idaho Falls. This program will
assist in the design of two 12,500 kw
power stations, one in Piqua, Ohio, and
another in a Latin American country.
At the same time, the Organic Moder-
ated Reactor is under study as a most
promising nuclear propulsion system
for the special needs of supertankers.

Reactors for the World. The Armour

Research Reactor, first private indus- R - 5
trial nuclear facility, is n%w being fol- Nuclear Research in Japan: Home New Laboratory Reactor: Eight-foot-
¥ g of Far East’s first reactor will be Japan’s  high tank contains fully functional

lowed by a stream of similar research Atomic Energy Research Institute. core. coolant and moderator.
reactors—for Japan, Denmark, West >

Germany, West Berlin and Italy—con-
structed, shipped, and installed by
Atomics International. AI’s latest de-
velopment is the compact Laboratory
Reactor, available on a short delivery
schedule at very low cost to meet the
need for nuclear training and research
in universities and industrial labora-
tories.

AToMICS INTERNATIONAL is a leading
designer and builder of reactors for
America and for the world. For help
on your reactor plans, write: Director
of Technical Sales, Department SA-74,
AToMICs INTERNATIONAL, P. O. Box
309, Canoga Park, California. Cable Reactor Hardware for Germany: Components for two German reactors in work
Address: AToMics. at ATOMICS INTERNATIONAL.

é"‘rﬁ"m ATOMICS INTERNATIONAL

i
4 iz A DIVISION OF NORTH AMERICAN AVIATION, INC.
e PIONEERS IN THE CREATIVE USE OF THE ATOM

clear

SRE achieved sustained nuclear fission. reactor components from Al are hoist-
Electricity was generated on July 12. ed aboard a freighter for Copenhagen.
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WHAT 1S

YOUR

SYNTEIAMICA s metic mica) ?

SYN‘THE-MI‘CA (SIN-THA-MI-KA) n. [ Synthetic mical

Trade-mark of Synthetic Mica Corporation for synthetic mica.
Chem: Synthetic mica is a fusion of silica, alumina, magnesia
and alkali fluorides — it can be made chemically pure with a
wide range of properties for special applications. Physical: (ex-
ample: Synthamica 202) melting point 1365°C; Specific heat 0.2;
specific gravity 2.9; Hardness (MOH's) 3.4; transparency —
excellent; Gassing in vacuum at high temperatures — far superior
to natural muscovite mica; maximum continuous operating temp
— 1000°C. Mechanical: SYNTHAMICA is available in crystals,
powder, sheets and paper-like mats. Potentialities: Taking ad-
vantage of the controlability of synthetic mica properties, high
purity and refractoriness Mycalex Corporation of America has
developed SUPRAMICA* ceramoplastics, made with SYNTHAMICA

APPLICATION

FOR

synthetic mica to produce superior electrical insulators with
dimensional stability, ability to retain metal inserts molded in
place, and outstanding dielectric and thermal properties.

Other possible applica:ions include: fillers for brake linings
and plastics; welding rod coatings; potting compounds;
oxygen valves; reflective coatings; high-temperature furnace
window; very-high-temperature connectors, high energy nuclear
applications.

Because it is possible to make a wide range and variety
of synthetic micas, properties can be ‘“tailor-made’” to fit

applications.
Write today for complete technical information — please
mention your proposed application — our engineering depart-

ment will supply samples for your inspection.

* SYNTHAMICA is a trade-mark of SYNTHETIC MICA CORPORATION, a subsidiary of MYCALEX CORPORATION OF AMERICA

SUPRAMICA is a registered trade-mark of MYCALEX CORPORATION OF AMERICA

THE FIRST

a subsidiary of

CLIFTON BOULEVARD

SYNTHETIC MICA CORPORATION

MYCALEX CORPORATION OF AMERICA

CLIFTON NEW JERSEY
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Avco roday

Avco makes the
“business end”
of the ICBM

How to keep the intercontinental ballistic nose
cone from blazing into white heat and vapor-
izing completely, as it re-enters the earth’s
lower atmosphere, has been one of the biggest
problems facing missile developers. Avco
Research and Advanced Development scientists
have solved this problem in the laboratory.
With a device called a “shock tube,” they have
simulated 18,000 mph speeds and 15,000 degree
temperatures to study what happens to a missile
during re-entry. They have produced re-entry
information which has enabled Avco engineers
to design and construct an experimental nose
cone for the Air Force Titan missile. Another
breakthrough by the Research and Advanced
Development Division of Aveo! What is Aveo?

THIS IS AVCO

Aveco today is a diversified organization whose
products include aircraft power plants and
structures, electronics for defense and industry,
and specialized home and farm equipment.
Aveco’s divisions and subsidiaries are:

Crosley—electronics and aircraft structures
... American Kitchens. . . Lycoming—
reciprocating engines and gas turbines. . .
New Idea and Ezee Flow—specialized farm
equipment . .. Research and Advanced
Development . . . Crosley Broadcasting
Corporation . . . Moffats, Ltd. (Canada)—
commercial gas and heating equipment,

Screntists interested in unusual opportunities
for advancement can grow with Avco.

Avco makes things better for America...

Avco Manufacturing Corporation
420 Lexington Avenue, New York, N. Y.
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OOo,.
Proven Design — new, high temperature pressure transducer l‘

uses same catenary diaphragm and tubular strain cylinder as NORWOOD
CONTROLS' highly successful air-cooled models. Immune to external vibration; mounts
flush with negligible change in volume of pressure chamber; extremely high frequency
response, flat to 10,000 cps.

Withstands ultra-high temperatures — designed for use in rocket and jet engines, high
temperature chemical reactions, etc. Efficient water-cooling system enables diaphragm
to withstand gas temperatures above 5000°F. Heat transfer rate 11 BTU /sq. in. /sec.
with 85°F temperature rise of cooling water.

Corrosion resistant — All exposed parts of stainless steel, can safely be exposed to
highly oxidizing conditions.
Full Scale Pressures — 0—1000 and 2000 psi ranges with 19, of full scale accuracy
and excellent temperature compensation. (Other ranges available on request.)

Write for Data Sheet A157-2 on Model 107 and Data Sheet A257 covering
Norwood Controls’ air-cooled transducers, which have recently been
substantially reduced in price.

COPYRIGHT 1957 DETROIT CONTROLS CORP.

NORWOOD CONTROLS

UNIT OF DETROIT CONTROLS CORPORATION

CONTROLS 933 Washington Street, Norwood, Mass.
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By photographing molecules while
they are under centrifugal force, the
Analytical Ultracentrifuge allows
direct measurement of molecular
weight, sedimentation constant,
purity — and gives information on
homogeneity, molecular weight dis-
tribution, molecular shape and size.

Proteins

New developments in equipment and
technique have extended the classic bio-
chemical uses of the Ultracentrifuge to
more precise measurements, to smaller
molecules, and to a variety of different
molecular studies. Synthetic-boundary
cells allow sedimentation measurements
of molecules to molecular weights as low
as a few hundred. Interference optics
permit direct calculation of molecular
weight without additional data. Absorp-
tion optics accurately measure nucleic
acid concentrations to 0.001% (“Ultra-
centrifugal Analysis of Dilute Solutions,”
Schumaker and Schachman, Biochimica
et Biophysica Acta, 23,628, 1957).

INTERFERENCE FRINGE PATTERN of 5

cells run simultaneously in An-G type rotor.

Better Ways to

New Measurements on Polymers with the Uliracentrifuge

Plastics

The addition of high temperature equip-
ment now enables Ultracentrifuge runs
on plastics and other materials which are
insoluble at lower temperatures. Control
is better than 0.1 degree at temperatures
to above 100° C.

New theoretical developments permit
direct measurement of weight-average-
molecular weights in polydisperse sys-
tems (“Direct Ultracentrifuge Molecular
Weights of Synthetic High Polymers,”
Kegeles, Klainer and Salem, presented
at 31st National Colloid Symposium,
New York, June 27-29, 1957).

CONCENTRATION IS MEASURED early
in low-speed run at meniscus and outer cell
edge, and weight average calculated directly.

BECKMAN/SPINCO
Analytical Ultracentrifuge,
Model “E.” Speeds to 60,000 rpm,
centrifugal forces to 260,000 G.
Available with refrigeration,
heating and vacuum systems;
interchangeable analytical and
preparative rotors; absorption,
schlieren and Rayleigh fringe
optical systems.

Petroleum

Both “Preparative” and “Analytical”
Spinco Ultracentrifuges have been found
to offer new information in studying
crude oils and petroleum fractions (“A
Study of the Colloidal Characteristics of
Petroleum Using the Ultracentrifuge,”
Ray, Witherspoon and Grim, presented
at 31st National Colloid Symposium,
New York, June 27-29, 1957).

ABSORPTION PATTERNS showing sedi-
mentation of petroleum dispersed in ben-

zene.

Our Technical Sales Department will be happy to cor-
respond with you on Ultracentrifuges or ultracentri-
fuge applications. Address Beckman /Spinco Division,
Stanford Industrial Park, Palo Alto 3, California.

© 1957 SCIENTIFIC AMERICAN, INC

Beckman- S

pinco Division

a division of Beck Instr

ts, Inc.



Measure Giants

Analytical Instruments Fingerprint Giant Molecules

By probing a chemical substance
with infrared or ultraviolet radiation
in a spectrophotometer, that chemi-
cal’s absorption curve—a nearly
absolute measure and often a distinct
and exclusive fingerprint of the
sample is obtained. This provides a
degree of specificity not found in
any other analytical technique.

The Infrared Fingerprint

In the chemistry of giant molecules, the
infrared absorption curve identifies and
determines the building blocks or raw
materials of high polymers, reveals
molecular structure, helps monitor and
control molecular composition during
synthesis and fingerprints the giant
molecules themselves.

POLYVINTL ACETATE

STRUCTURAL DIFFERENCES in these
two similar plastics are immediately appar-
ent when their infrared spectra are com-
pared. Note presence of carbonyl group —
a basic chemical building block.

Versatile Ultraviolet

Beyond its use in determination of molec-
ular structures, the versatile ultraviolet
spectrophotometer has wide application
in polymer chemistry — determination of
monomer in polymer; determination of
plasticizers in plastics; analysis and
control of color in plastics (with spectro-

reflectometer); quality control of sol-
vents. More than 15,000 Beckman DU
spectrophotometers — the acknowledged
standard for spectrochemical analysis —
are in use today, and the field has been
greatly extended with the DK automatic
recording instruments.

A MODULAR REPRESENTATION of
nucleic acid, one of the most complex poly-
mers. A Beckman DK-2 automatic recording
spectrophotometer is accelerating an im-
portant investigation today by rapidly and
reliably measuring the progress of research-
ers in their efforts to synthesize nucleic
acids, believed to be deeply involved in key
phases of the life process itself.

Gas Chromatography

Gas chromatography separates and iden-
tifies components by passing a gas or
liquid sample through a tube packed
with absorbing or adsorbing materials.
Applications include analysis of raw
materials to be polymerized, detection
and identification of impurities in

BECKMAN IR-4

Automatic Recording
Infrared Spectrophotometer.
Also available are the
low-cost IR-5 and IR-6
instruments which bring
infrared within reach of
every laboratory.

styrene, butadiene, chloroprene, acryloni-
trile and other chemical building blocks;
detection and identification of impurities
in plasticizers and analysis of other gases
or liquids with boiling points up to
350° C.

HERE’S AN ANALYSIS that by ordinary
methods could take as much as 8 hours of
the chemist’s productive time. Twenty min-
utes after mixture of six chlorinated hydro-
carbons was injected into Beckman Gas Chro-
matograph, this chromatogram appeared
on recorder. The six components — raw
materials of synthesis as well as solvents for
complex substances — were separated and
identified, with the concentration of each
clearly indicated.

For more information about these instruments, write

for Data File L-35-98. Address Beckman / Scientific

Instruments Division, Fullerton, California. You will

hear from us promptly.
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Beckman-

Scientific Instruments Division

a division of Beckman Instruments, Inc.
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Precision inertial navigation is the most ex-
citing and technically advanced way to keep
a moving air, land or sea vehicle on course.
It does not use radio, radar, the stars, heat
or magnetic reference. Highly accurate, its

military use in missiles and aircraft may be
the key to an effective deterrent weapon.

American Bosch Arma Corporation, through

top dog in inertial navigation?

its amsza Division, is a leader among com-
panies making contributions to inertial nav-
igation. As a result, amsra was selected to
design and produce the inertial guidance sys-
tem for America’s newest intercontinental
ballistic missile: Titan. .amsza . . . Garden
City, N. Y. A Division of American Bosch
Arma Corporation.

There are unlimited employment opportunities in inertial navigation at amsz4a.

AMERICAN BOSCH ARMA CORPORATION
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the growth
of a giant...

. - . Enjay Butyl rubber, @ man-made giant molecule.
Invented in 1937, first produced in 1943, Butyl went
immediately to war, replacing natural rubber for the
manufacture of inner tubes.

Since the war, Butyl has been applied to many other
exciting uses. Its wide variety of outstanding physical,
chemical and dielectric properties give it a versatility
unmatched by any other rubber, natural or synthetic.
Today Butyl makes possible better quality automotive,
electrical, industrial and domestic products,

For a closer acquaintance with this remarkable

young giant, contact the Enjoy Company. A complete

brochure is yours for the asking.

BUTYL

Pioneer in Petrochemicals ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y,
Akron « Boston « Chicago « Detroit + Los Angeles + New Orleans » Tulsa
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Admiral.develops airborne ECM

You can’t count on shooting down a
guided missile. The only effective defense
against it is some form of Electronic
Counter Measures...devices that deceive
or destroy enemy missiles short of their
targets.

Admiral has taken the lead in further-
ing the high priority program to develop
ECM. Advanced ECM developments now
in progress at Admiral will serve many
defense purposes. Resulting equipments
will be carried by aircraft for protection
in hostile territory. At ground installa-
tions, ECM will confuse enemy missiles.

Inquiries are invited regarding
Admiral’s capabilities in ECM and other
forms of military electronics.

I
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I
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|
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LO0OK T0 Admiral FOR
® RESEARCH
o DEVELOPMENT
© PRODUCTION

IN THE FIELDS OF:
MILITARY TELEVISION
COMMUNICATIONS UHF AND VHF
ELECTRONIC COUNTER MEASURES
RADIAC ¢ RADAR ¢ TELEMETERING
DISTANCE MEASURING
RADAR BEACONS AND IFF
CODERS & DECODERS
MISSILE GUIDANCE
CONSTANT DELAY LINES
TEST EQUIPMENT
ENGINEERS. The wide scope of
work in progress at Admiral
creates challenging opportunities
in the field of your choice. Write
Director of Engineering and

Research, Admiral Corporation,
Chicago 47, lllinois.

Admiral.

CORPORATION
CHICAGO 47, ILLINOIS

GOVERNMENT LABORATORIES DIVISION
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GIANT MOLECULES from wood are Rayonier’s business. As chemical cellulose and
silvichemicals, we can produce upwards of 2,000,000,000 lbs. of them each
year at our mills in the USA and Canada. World industries convert these high polymers into
some 500 uses. Among them: rayon, cellophane, tire cord, sausage casings, photographic
films and papers, sponges, many plastics, lacquers, acetate and dispersants.

CELLULOSE CHEMISTRY
SILVICHEMISTRY

RAYONIER

Research Centers at Shelton, Wash.; Vancouver, B.C.; Whippany,

© 1957 SCIENTIFIC AMERICAN, INC
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"The rubber

76

CROSS SECTION shows why this rubber band
can’t stretch. A sturdy cord interliner, vul-
canized between two layers of tough, flex-
ible synthetic rubber, does the trick. This
seamless “sandwich” construction maintains
a constant inside belt diameter for years.
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stretch

Originally created to help spin better yarn,

unique material now solves many drive-belt problems

It looks like an ordinary rubber band.
Feels like one, too. But there the simi-
larity ends, because this rubber band
won’t stretch . . . which is one of the big
reasors why it’s so useful.

Its story starts back in the middle
thirties, when Armstrong research chem-
ists began development work on a new
kind of apron for the textile industry.
(Aprons look much like two-inch-wide
rubber bands, but they actually help to
control fibers on a yarn-spinning frame.)

The researchers knew what they
wanted in an apron—flexibility, oil resist-
ance, proper frictional “grip,” freedom
from seams, precise dimensions—all this
with absolutely no stretch. But they also
knew there was no existing material that
combined all these qualities. The prob-
lem, then, was to create such a material.

Armstrong chemists felt that synthetic
rubber, with its great flexibility and oil
resistance, would probably be a good
basic material—if they could keep it from
stretching. After much experimentation,
they found the answer by vulcanizing a
sturdy cord interliner between two layers
of tough synthetic rubber. The result: a
rubber band that didn’t stretch. And
since the vulcanization literally fused the
layers of this “sandwich” together, there
were no seams to worry about, either.

The next—and last—step was to make
sure that this unusual rubber band had
exactly the right frictional grip. This pre-

sented a knotty problem because nor-
mally synthetic rubber has too much sur-
face friction to serve as an apron . . . it
grabs too hard. A controlled reduction of
the friction was finally achieved, though,
by giving the bands a series of special
chemical baths which changed the charac-
ter of the surface molecules.

These synthetic rubber aprons soon be-
came the standard in the textile field.
And as their reputation grew, other appli-
cations began to appear. A dictating ma-
chine manufacturer, for example, realized
that the same qualities which made for
good apron performance were just what
he had been looking for in a small power
transmission belt. And so this very spe-
cialrubber band—in thiscase only % of an
inch wide—went to work driving an elec-
tronic dictating machine.

Still another application for these

bands was found by a package machinery
builder who uses much wider ones as con-
veyor belts. Right now, these bands are
being tested for postage meters, automatic
duplicating equipment, and tape record-
ers. The future? It looks bright for this
rubber band that won’t stretch.
If you manufacture equipment that uses—or
could use—flat belt drives, these non-stretch
seamless belts may open the way to lower
costs or improved performance. They're
available in many different sizes. For sugges-
tions concerning specific applications, write
to Armstrong Cork Company, Industrial Divi-
sion, 8209 Inland Road, Lancaster, Penna.

(Armstrong Industrial Products

... USED WHEREVER PERFORMANCE COUNTS
ADHESIVES * CORK COMPOSITION ¢ CORK-AND-RUBBER *FELT PAPERS * FRICTION MATERIALS

THE MOLECULES in resilient synthetic rubber
are not completely cross-linked. Although
the surface is smooth, its coefficient of fric-
tion is relatively high—a desirable charac-
teristic for many drive belt applications.

© 1957 SCIENTIFIC AMERICAN, INC

FOR TEXTILE APRONS, a lower coefficient of

friction is desired. To get it, Armstron,
chemists developed a special chemical bat

that oxidizes the rubber, creating a denser
surface with considerably lower friction.
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For information on cooling or any other application of Copper, write to the Copper & Brass Research Association, 420 Lexington Ave., New York 17, N. Y.
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Glasco pre-mix dispensing machines
are manufactured by Glascock Bros.

Add COPPER

...and it serves your drink cold!

Your soft drink from a dispensing machine is served
ice cold because of Copper. For Copper is the best
heat-transfer material commercially available. Cop-
per dissipates heat faster. That’s why the coolant-
carrying tubes . . . and fins . . . inside the dispenser
are Copper.

And that’s why Copper is the metal preferred for
air-conditioners to keep you cool at home or at work.

Even the big, new liquid-cooled generators are kept
cool with Copper.

Copper has other invaluable properties, too. Be-
cause it is the best practical conductor of electricity,

wiring and motor-windings are made of Copper. Cop-
per resists corrosion. (It simply won’t rust!)

In manufacturing processes, Copper has always
been a great metal to work with. It proves easy to ma-
chine, form, draw, stamp, polish, plate. It welds readi-
ly . . . is excellent for soldering and brazing. Besides,
you recover a higher portion of your materials cost
from the higher-cash-value of your manufacturing
scrap!

And today, you can plan with Copper . . . confident
that the Copper Industry will keep Copper in ample
supply to meet your future needs.

COPPER * BRASS * BRONZE

in over 40 Standard Alloys!
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Manufacturing Company, Muncie, Indiana.



Henri Poincaré...on disinterested fools

“But scientists believe that there is a hierarchy of facts,
and that we may make a judicious choice among them.
They are right, for otherwise there would be no science,
and science does exist. One has only to open one's eyes
to see that the triumphs of inc[ustry, which have enriched
SO many practical men, would never have seen the ]ight
if on[y these practica[ men had existed, and if they had
not been precec[ed ]oy disinterested fools who died poor,

who never thought of the useful, and who were not
guided by their own caprice.

What these fools did, as Mach has said, was to save their
successors the trouble of thinking. If they had worked
solely with a view to immediate application, they would
have left nothing behind them, and in face of a new
requirement, all would have had to be done again.”

— Science et méthode, 1912.

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

A nonpro[it organization engaged in research on prob]ems related to national security and the public interest
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MONOMERS are purified in these towers at the American Cyana- monomer is acrylonitrile made from acetylene and hydrocyanic acid
mid Company’s Fortier Plant near New Orleans, La. In this case the gas. These latter substances are here obtained from natural gas.
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GIANT MOLECULES

Pl-esenﬁ,ng an 1ssue on polymers: huge chains of atoms assembled

from simpler molecules. These chains, which comprise the fabric

of living matter, are now made by man n forms unknown in nature

( :iant molecules—or high polymers,
as the chemist calls them—have
been feeding, clothing and hous-

ing man ever since he began to manipu-
late nature. Wood is a high polymer; so
are meat, starch, cotton, wool and silk.
They are among our oldest and most
familiar materials, yet until this century
they were a complete chemical mystery.
As products of living things, they par-
take of the prejudice of nature for doing
things in an elaborate way. The sub-
stances of life are made of the most com-
plicated molecules we know. But their
very complexity endows them with won-
derfully versatile and powerful proper-
ties. The giant molecules therefore pre-
sent a great challenge to chemists—not
only to learn the secrets of their con-
struction but also to devise new mate-
rials which nature has neglected to cre-
ate. And within the past decade the
chemistry of high polymers—living and
nonliving—has made such rapid strides
that it is today one of the most exciting
fields in all science.

This development caps a century of
remarkable advance in organic chem-
istry. Chemical understanding of living
matter did not begin until 1828, when
Friedrich Wohler of Germany achieved
the first test-tube synthesis of an organic
substance—urea, a product of animal
metabolism. His successors in the new
science proceeded to work out the chem-
ical structure and activity of a host of
comparatively simple organic molecules:
sugars, fats, fruit acids, soaps, alcohols,
the coal and petroleum hydrocarbons,
and so on. Over the past century many

by Herman F. Mark

thousands of scientists all over the world
became absorbed in organic chemistry,
developing ingenious techniques of in-
vestigation and constructing a clear the-
ory of the behavior of the simpler organ-
ic substances, based on the behavior of
the four-valent carbon atom. The theory
made it possible to classify the proper-
ties of hundreds of thousands of sub-
stances, from the exhalations of gas wells
to the pigments of flowers and the poi-
sons of snakes. Organic chemistry gave
birth to new synthetic products, such as
dyes, perfumes, drugs, fuels, etc. Indeed,
much of our present civilization—medi-
cal care, sanitation, printing, painting,
photography, motor transportation, avi-
ation—relies heavily on materials pro-
vided by “classical” organic chemistry.

All these substances were compara-
tively simple members of the organic
family. Their bigger, more complicated
relatives—proteins and the rest—got only

desultory attention from chemists, main-
ly because they were too difficult to deal
with. The methods on which organic
chemists relied for separation and anal-
ysis of organic substances—solution,
melting, crystallization and the like—did
not work with giant molecules. For ex-
ample, cellulose, the chief component of
wood, does not melt when heated; in-
stead it hardens and decomposes. Nor
can it be dissolved, except in chemicals
which change it irreversibly to some-
thing different. The same is true of other
organic high polymers, such as wool, silk,
starch and rubber.

When chemists had the misfortune to
produce large organic molecules acci-
dentally during their experiments, they
were generally crestfallen. The early lit-
erature of organic chemists is full of ex-
asperuted references to reactions which
“resinified” and covered their glassware
with waxy, gluey or sticky messes. These

THIS ARTICLE IS CONTINUED on page 86. On the next four pages is a chart listing the
principal polymers made by man. At the left side of the chart are the structural formulas of
monomers, the simple molecules which are strung together to form polymers. In the middle
of the chart is a short section of the characteristic chain of each polymer. The complete
chain is made up of hundreds or even thousands of monomeric units. Some of the chains
are linked to other chains, as indicated in the formulas of the phenol formaldehyde and urea
formaldehyde resins. The polymers in the chart are divided into two classes: addition poly-
mers and condensation polymers. The basis of this division is given in the illustrations on

pages 86 and 87. There are only nine atoms in the chart: carbon (C), hydrogen (H),
oxygen (0), nitrogen (N), sulfur (S), chlorine (Cl), fluorine (F), silicon (Si) and sodium
(Na). In most cases each atom is represented by its letter symbol. In some cases groups of
atoms are abbreviated, for example, CH, and the benzene ring. The latter structure, contain-
ing six carbon atoms to which other atoms are attached, is represented by a hexagon. A single
line between two atoms represents a single chemical bond; a double line, a double bond.

© 1957 SCIENTIFIC AMERICAN, INC
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unexpected products were always a dis-
appointment to the chemist, seeking to
purify a substance in nice crystalline
form, and were an unalloyed nuisance
to the bottle-washer who had to clean
the glassware.

In short, up to about 30 or 40 years
ago the big organic molecules offered
little attraction to chemists. Classical or-
ganic chemistry was full of interesting
and important problems. With so many
green pastures around, why should a
chemist invest his career in the risky and
sticky business of investigating the
macromolecules?

Nevertheless, in the 1920s the study

of large molecules such as cellulose
and rubber had already begun to look
intriguing. In 1923 the writer of these
lines (then 28 years old) confessed to
his professor at Berlin, Wilhelm Schlenk,
that he was strongly tempted to work in
this new field. Schlenk, who had long
been regarded as one of the most in-
genious experimenters in organic chem-
istry, said: “If I were 20 years younger”
(he was 55), “I might be very much at-
tracted myself. Wait until you are 10
years older, and meanwhile demonstrate
with ‘classical’ investigations that you
are capable of tackling a problem of such
proportions.” It proved to be excellent
advice.

Attempts to analyze the chemical
composition of cellulose, rubber, starch
and proteins had begun in the 1880s.
Chemists had established that these sub-
stances, like all organic compounds,
were composed mainly of carbon, hydro-
gen and oxygen; that cellulose was es-
sentially a sugar compound; that starch
was another carbohydrate; that natural
rubber was basically a hydrocarbon; that

1.
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CONDENSATION POLYMERIZATION is a different process.

Two molecules combine, usually with the elimination of water
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ADDITION POLYMERIZATION is explained by example. A free radical (H-O) combines
with a monomer (acrylonitrile) in such a way that the unsatisfied valence (dot) of the free

proteins contained considerable amounts
of nitrogen and sometimes a little sulfur
or phosphorus. The investigators soon
decided that the main distinguishing
feature of all these substances—what
made their properties so different from
other organic materials—must be the size
of their molecules. The insolubility of
the substances and their resistance to
melting argued for large molecular size,
because it had been found that ordinary
organic compounds such as petroleum
hydrocarbons became less and less solu-
ble and acquired higher and higher
melting points as they were combined
into larger and larger molecules. The
mechanical strength of cotton, wool
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and silk also suggested that they were
made of very large, strongly coherent
molecules.

It was a logical deduction that each of
the big molecules was made of certain
building blocks—glucose in the cases of
cellulose and starch, isoprene in the case
of rubber and amino acids in the case of
proteins. Chemists therefore began to
call these compounds “poly” something:
starch, for instance, was identified as a
polysaccharide, meaning that it was
composed of many sugar units. This is
the basis of the present general terminol-
ogy for the classes of compounds with
which we are concerned: a monomer is
a substance which can serve as a build-

(H-O-H), to form the repeating unit of the chain (1). The repeat-
ing units then combine in the same manner (2). In this example
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radical is transferred to the end of the monomer (1). The monomer
now combines with another monomer (2). The process stops when

ing unit (e.g., glucose); a polymer
(from the Greek, meaning “many
parts”) is a combination of such units;
a high polymer is a very large aggrega-
tion of units, i.e., a compound of high
molecular weight.

The spiritual father of high-polvmer
chemistry was Emil Fischer of Berlin,
the great organic chemist of the late
19th and early 20th century. In his later
years Fischer became fascinated by the
mysterious chemistrv of the organic
macromolecules. Although loaded down
with administrative duties for the Ger-
man Academy of Sciences, Ministry of
Education and National Research
Council, he would retire to his private
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two growing chains

laboratory early every morning to ex-
periment with new compounds. Sitting
on a stool and watching thoughtfully as
faint precipitates appeared in his reac-
tion flasks, or white powders reluctantly
crystallized out of solution, he saw vi-
sions of the chemistry which was to come
20 years later. Fischer induced some of
his ablest co-workers to study rubber,
starch, polypeptides, cellulose and lignin
(the other major component of wood).
At about the same time the great organic
chemist Richard Willstitter was begin-
ning to synthesize polysaccharides and
to discover new methods for isolating
lignin and enzymes. These pioneers
worked largely by intuition. Willstitter
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the original two molecules are those of hexamethylenediamine
(left) and adipic acid (right). The polymer is nylon 66. The poly-
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come together (3). In this case the free

radical is obtained from the decomposition of hydrogen peroxide.

was once asked, at a seminar where he
reported a certain experiment, how he
had happened to choose acetonitrile as
the solvent, cobalt acetate as the catalyst
and 75 degrees centigrade as the tem-
perature. His answer was: “Just a
thought, sir, just an idea.”

I gnorance of the chemical structure of

the high polymers did not, of course,
debar their exploitation at the empirical
level. Inventors discovered ways to con-
vert cellulose into acetate fibers, films
and coatings, into nitrated explosives
and into many other useful products. Be-
tween 1870 and 1920 enterprising men
(including Alfred Nobel) developed

o
|
C—O—H -+ H—O —H
o
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mer in the example of addition polymerization is polyacrylonitrile.
In both examples only a very short section of the chain is shown.
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large industries based on cellulose deriv-
atives. Meanwhile rubber also became a
prominent article of commerce (and
financial prosperity), thanks to Charles
Goodyear’s discovery, early in the 19th
century, of the fact that heating it with
sulfur (vulcanization) gave it useful
properties. And proteins and starches
likewise served as raw materials of other
substantial manufacturing industries—
leather, sizings, glues, adhesives, casein
plastics and so on.

At the turn of the century there came
an event which was to prove very signif-
icant in the development of high poly-
mers. Leo H. Baekeland, a young Bel-
gian chemist who had come to the U. S.,
took a deep interest in the sticky, resin-
ous by-products which were such a both-
er to other chemists. He gave up a proj-
ect on which he had been working and
devoted himself to investigating the ma-
terial that had fouled up his glassware. It
was a gummy liquid, formed by a reac-
tion between the common chemicals
phenol and formaldehyde in solution in
water. Baekeland found that by applying
heat and pressure he could turn the li-
quid into a hard, transparent resin, which
proved to be an excellent electrical in-
sulator and to have good resistance to
heat, moisture, chemicals and mechani-
cal wear. So the synthetic plastics indus-
try was born; other chemists went on to
synthesize many other useful plastics of
a similar (thermosetting) type, using
formaldehyde with urea or aniline in-
stead of phenol.

Thus by the second decade of this
century factories all over the world were
producing polymers in the forms of fi-
bers, films, plastics, lacquers, coatings,
adhesives and so on. Most of these were
mere modifications of natural high poly-
mers—conversions which transformed
nature’s substances (e.g., cellulose) into
new materials of somewhat different
properties. Baekeland’s demonstration,
on the other hand, paved the way for ac-
tual synthesis of polymers from simple
materials. But all this was empirical; the
basic principles governing the structure
and behavior of polymers were still un-
known. Chemists knew something about
the “how” but not the “why.”

t became increasingly important to
know the why, in order to improve the
products, to standarize the manufactur-
ing processes and to reduce costs. When-
ever, in such cases, the chemists of the
factories tried to find out how they
should best handle their systems and
why they behaved as they did, they were
disappointed by the lack of fundamental
knowledge about polymers. Their aca-
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demic colleagues in the universities had
to confess that the exploration of large
molecules was still in a state of infancy.

Soon after World War I a number of
far-seeing leaders in science and indus-
try recognized that a systematic explora-
tion of polymer chemistry would pay
large returns, industrially and in basic
knowledge. Several of the leading or-
ganic chemists in the U. S. abandoned
their successful careers in industry to
gamble on full-time basic study of large
molecules. Their studies were richly re-
warded. One of the most fertile investi-
gations was the memorable work of Wal-
lace H. Carothers in the laboratories of
E. I. du Pont de Nemours & Company.
Supported by the vast resources of that
organization and by a large group of
brilliant collaborators, he developed a
systematic knowledge of the chemistry
of polymerization and synthesized many
hundreds of polymers. This campaign
produced, among other things, nylon
and the synthetic rubber neoprene.
While the scientific world was fasci-
nated by the wealth and clarity of the
fundamental results of the research, the
du Pont Company drew great satisfac-
tion and profit from its practical applica-
bility. Rarely in the history of chemistry
has basic research paid off so rapidly and
so handsomely.

These events of the 1920s and 1930s
encouraged many academic scientists
and industrial researchers to turn to the

large molecules. After having been a
stepchild for many years, polymer chem-
istry became fashionable. Under the
leadership of Hermann Staudinger in
Germany, Thé Svedberg in Sweden
and Kurt H. Meyer and Carl S. Marvel
in the U. S, it moved rapidly ahead on
a broad front—in experiments and in
theory. Polymerization processes were
developed and refined, their mechan-
isms explored, their products meticulous-
ly described (after having synthesized a
new molecule one is naturally curious to
know exactly what he has made). Very
precise methods of describing the prop-
erties and behavior of polymers were
developed, based on measurements of
osmotic pressure, diffusion, sedimenta-
tion, light-scattering and viscosity.

Chemists could now discern a general

pattern in the formation of giant
molecules. Basically the high polymers
were built by the linking of monomers
end to end in chains, sometimes several
thousand units long. But the chains then
grouped themselves in two distinctly
different ways. They either (1) coiled
up to form a ball-shaped molecule (like
a mass of intertwined spaghetti), or (2)
lined up in straight, more or less rigid
bundles (like wires in a cable). In gen-
eral the coiled polymers had the char-
acteristics of arubber, while the straight-
bundle type formed fibers or rigid plas-
tics. The chemical character of the

POLYMER CHAINS CAN GROW by branching (1) or can be connected by cross-linking
(2). The balls in this drawing and the one on the opposite page are not atoms but monomers.
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chains determined whether they would
coil up at random or align themselves in
bundles: if the chains were relatively
rigid and contained chemically attract-
ing groups along their length, they
would attach themselves to one another
side by side in bundles.

As the principles governing the prop-
erties of polymers began to shape up in
the minds of the investigators, an excit-
ing new prospect emerged. It was a mat-
ter of great intellectual satisfaction to be
able to reduce the behavior of these sub-
stances to orderly laws and predict it
with mathematical precision. But no less
stirring  was the new creative power
made possible by this knowledge. The
technological progress of mankind has
been largely a history of putting avail-
able materials to use. It is a considerable
step forward to invent the materials
themselves on order. And this is the
stage we have now reached in polymer
chemistry. Starting from a need for some
material of specified properties, we are
in a position to create a new material
tailored to fill that need.

As the building stones for this enter-
prise we now have some 40 readilv avail-
able organic monomers, largelv derived
from coal and oil. These 40 building
units can produce an almost limitless
number of combinations. Already they
have given us scores of important new
man-made materials: all the synthetic
fibers, rubbers and plastics. The produc-

1.

-

tion of these monomers in the U. S. now
amounts to about $2 billion a year.

Polymer chemists in the U. S. and
abroad are engaged in a vast effort to
develop processes which will facilitate
the creation of new products and reduce
the cost of the present ones. They are
exploring various polymerization meth-
ods, catalysts, continuous processes, and
conditions which will control reactions
such as very high pressures, high and
low temperatures, irradiation. Knowl-
edge of the principles underlying the
chemical properties is sufficiently ad-
vanced so that the chemists can intro-
duce into a giant molecule a monomer
which will endow it with a high melting
point or great resistance to solvents or
high tensile strength or some other de-
sired quality.

r—lwhe products made so far can be con-
sidered only a foretaste of more spec-
tacular ones to come. There are several
frontiers inviting explorution. For exam-
ple, the largest high polymers now in
production have molecular weights in
the neighborhood of 200,000. There is
reason to believe that larger molecules
would be much stronger. Consequently
several industrial laboratories are look-
ing into the possibilities for producing
“super high polymers” with molecular
weights in the millions. Another active
frontier is the investigation of wavs to
raise the resistance of polymers to heat.

The plastics, fibers, rubbers and coat-
ings now made break down at tempera-
tures of 600 degrees Fahrenheit or less.
But the prospects for making high poly-
mers which will be able to withstand
substantially higher temperatures look
promising: they may be based on certain
highly stable organic molecules such as
diphenyl oxide or diphenylmethylene,
with additions of resistant elements such
as fluorine, boron or silicon.

Looking much farther into the future,
we can even see possibilities for synthe-
sizing biological molecules—not to create
life but to furnish aids to or substitutes
for living tissues. Already we have a syn-
thetic polymer which can serve some of
the functions of blood serum. Although
our chemical laboratories do not begin to
approach the orderliness or perfection
with which a living organism builds its
high polvmers, we can take hope from
the fact that we have a vastly larger
number of monomers at our disposal
than anv living svstem has, and there-
fore can make an even greater variety of
products.

The articles that follow this introduc-
tion and brief historical survey of high-
polvmer chemistry give a comprehensive
view of the current ferment in this im-
mensely important new science, from
the explorations in the laboratories to
the giant living molecules, which we are
beginning to understand as we never
have before.

COPOLYMERS are polymer chains in which more than one kind of
monomeric unit occurs. Here one kind of monomer is represented
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by a white ball; the other, by a black. The form of such copolymers
may be random (1), alternating (2), “block” (3) or “graft” (4).
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How Giant Molecules Are Measured

When light passes through such molecules in solution, some of it is

scattered. From this and other effects it is possible to determine the

weight of the molecules and the degree to which thev are folded

he first requirement in attempting

I to understand the properties of
giant molecules is to determine

their size and form. Indeed it is the great
size of these molecules, resulting in very
complicated structures, that is primarily
responsible for their extraordinary be-

SCATTERED LIGHT makes a vertical beam of light visible when

viewed from the side. Even pure liquids scatter a certain amount

90

by Peter J. W. Debye

havior. A chemist seeking to describe or
identify a high polymer therefore begins
by measuring its molecular weight.

It is not a simple task. Most of the cus-
tomary chemical or physical procedures
for weighing small molecules do not
avail with the macromolecules. They re-

I P
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© 1957 SCIENTIFIC AMERICAN, INC

quire special methods. We shall consider
in this article the principal techniques
that have been employed.

First, what do we mean by the molec-
ular weight of a substance? Consider
glucose, a sugar molecule. Its formula is
C¢H;504, meaning that it has six carbon

o kel

of light, but the scattering is greatly increased when they con-
tain dissolved polymer molecules, as in the experiment shown here.



atoms, 12 hydrogen and six oxygen. The
atomic weight of a hydrogen atom is
taken as 1, of carbon 12 and of oxygen
16. Hence the atoms composing glucose
add up to a weight of 180 units for the
molecule. The molecular weight of glu-
cose, as of most other monomers, is
known precisely. It is also known that
the giant molecule of cellulose is made
up of many glucose molecules linked to-
gether. But how many? The number runs
into the thousands. The task of the poly-
mer investigator is to weigh molecules
composed of unnumbered thousands of
monomers, with total molecular weights
running into the hundreds of thousands
or the millions.

A method of estimating the weight of

giant molecules was worked out
many years ago by Hermann Staudinger
of Germany, a pioneer in the chemistry
of high polymers. It is based upon the
effect of the molecules on the viscosity
of a liquid in which they are dissolved.
Let us suppose that we have measured
the viscosity of the solvent by its rate
of flow in a capillary tube. If we now
dissolve a substance in the liquid, the
dissolved molecules, acting like mud
particles suspended in a stream, will in-
crease the viscosity of the fluid. Albert
Einstein, who first studied this problem
theoretically, calculated how much the
viscosity would increase if a number of
solid little spheres were suspended in a
liquid and drifted along with it, turning
and tumbling in the stream. Staudinger
derived a formula for molecules in solu-
tion, relating the percentage of increase
in the viscosity of the fluid to the molec-
ular weight of the dissolved molecules.
He used this rule to calculate molecular
weights.

However, reliable measurements by
other methods later showed that the
relative increase of viscosity is not direct-
ly proportional to molecular weight in
the case of large molecules. The actual
situation is that, at a rough approxima-
tion, when the weight of the dissolved
molecules is quadrupled, the viscosity
onlv doubles. We can account for this
theoretically bv assuming that with in-
creasing molecular weight molecules
capable of coiling up do not, on the
average, enlarge in diameter in direct
proportion to their gain in weight. Fur-
thermore, other complications arise, hav-
ing to do with interactions between parts
of the molecular chain. We cannot say
yet that viscositv measurements are a
reliable guide to the molecular weight of
large molecules of unknown structure.
Nevertheless, they are useful for estimat-

ing the weight of a molecule structured
like one whose weight has already been
determined, and also for indicating
whether a molecule is tightly coiled or
spread out. Viscometers are standard
equipment in every high-polymer labo-
ratory.

A second instrument for weighing
large molecules, invented by Thé Sved-
berg of Sweden, is the ultracentrifuge,
which has become an invaluable aid in
studying proteins and other biological
substances. The weight of the molecules
is calculated from the rate at which they
move out to the rim of the whirling cen-
trifuge—the larger the molecule, the
faster it migrates. However, because
of the unknown magnitude of frictional
effects and the fact that very large mole-
cules tend to get in one another’s way,
the ultracentrifuge becomes ineffective
as a weighing instrument for giant mole-
cules.

f we wish to obtain a precise measure-
ment of molecular weight, the most
straightforward procedure is to take a
weighed amount of a substance, count
the number of molecules in the sample,
and then compute the average weight of
the molecules. This can be done in two
ways, and these are the principal means
employed for the measurement of macro-
molecules.

As we learned many vears ago from
J. H. van’t Hoff of the Netherlands, if we
dissolve a measured amount of a sub-
stance in a given volume of a solvent, we
can count the number of dissolved
molecules by measuring the osmotic
pressure of the solution. Recall the fa-
miliar demonstration of osmotic pressure
in high-school chemistry class. Into a
beaker of pure water is lowered a glass
tube containing a certain amount of
sugar solution. The bottom end of the
tube is covered with a membrane which
lets water pass through but not sugar
molecules. Water from the beaker slow-
ly infiltrates into the tube (as it always
does from a less concentrated to a more
concentrated solution), and the level of
the liquid in the tube rises [see diagram
at right]. Eventually it stops rising, and
the height of the column of solution
in the tube then represents the osmotic
pressure—i.e., the pressure necessary to
counteract the tendency of water to
move into the tube.

In a solution dilute enough to avoid
any appreciable interactions among the
sugar molecules the osmotic pressure is
proportional to the number of sugar
molecules per cubic centimeter of solu-
tion. Thus the height of the liquid in the
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5

OSMOTIC PRESSURE apparatus is a tube
sealed at bottom with semipermeable mem-
brane. At top tube contains pure solvent.
Dots in lower drawings are large molecules.
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LIGHT BEAM transmitted through a tank of liquid is shown
schematically in the top drawing. The tank is seen from above. As
the beam passes from left to right it is refracted and attenuated. In
an actual experiment some energy would also be reflected each
time the light struck a new material, but the reflected beams are
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not shown here. The lower drawing indicates the fate of the trans-
mitted beam symbolically. The top wave represents energy that is
refracted but that gets through the liquid. The center wave shows
energy that is absorbed and converted to heat. The bottom wave
represents light that is scattered by molecules in the solution.
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tube tells us how many sugar molecules
it contains. Knowing the weight of the
sugar that we put in the tube, we can
compute the weight of a sugar molecule.

We have in this case a large effect:
even at a dilution of about one ounce of
glucose (molecular weight 180) per
quart of water in the tube, the osmotic
pressure amounts to one atmosphere,
equivalent to a column of water 32 feet
high. The osmotic pressure falls with
increasing size of molecules, because
there are fewer molecules in a given
concentration of solution by weight.
Thus if the molecules are 1,000 times
heavier than glucose, a one-ounce-per-
quart concentration gives an osmotic
pressure of one thousandth of an atmos-
phere. This still corresponds to a column
of water one centimeter high. But by the
time we reach molecules with a molec-
ular weight of the order of one million,
the effect becomes inconveniently small:
a 1 per cent solution of such a substance
vields an osmotic pressure amounting
only to a water column a few millimeters
high. In short, the osmotic method is
a simple and effective measure but de-
clines in efficiency as we approach the
giant molecules.

rI‘he second method of counting mole-

cules improves in efficiency with in-
creasing molecular weight. Developed in
the last few years, it has become a useful
instrument not only for weighing mole-
cules but also for picturing their size and
structure. The method is founded upon
the phenomenon that molecules scatter
light.

As light passes through any material
medium, it loses energy. The distance we
can see through the clearest waters is
measured in feet, and even air is not per-
fectly transparent. If it were completely
clean of dust particles and water drop-
lets, it would still weaken light. The air
molecules themselves (oxygen, nitrogen
and so on) extract energy from a light
beam. Part of this effect is due simply
to absorption and conversion of the light
energy into heat. But usually a much
larger proportion of the beam’s loss of
energy is due to scattering of the light
by the air molecules. It is the scattering
of sunlight by air molecules, as Lord
Rayleigh deduced many years ago, that
gives the sky its blue color.

The molecules of a gas or liquid give
it a certain graininess. Each molecule
excited by a beam of light acts like a tiny
antenna, picking up the energy and re-
radiating secondary light waves of the
same frequency in all directions. Sup-
pose, then, we start with a certain liquid,

a pure solvent, and measure its scatter-
ing, or weakening, of a light beam per
centimeter of distance—this we call the
turbidity of the liquid. If we now dis-
solve some foreign molecules in the
liquid, each molecule constitutes an ad-
ditional antenna which scatters light.
Consequently the increase in turbidity
of the solution should be a measure of
the number of molecules added. How-
ever, there is a complication. The amount
of light scattered by dissolved molecules
depends not only on their number but
also on the size or amplitude of the oscil-
lations of their electrons. Different mole-
cules respond differently to the light
waves of a given frequency. Hence in
order to count the molecules we must
find a way to calculate the unknown
amplitude factor.

Fortunately this can be done by tak-
ing account of another property of the
solution which also involves its effect
upon light. A liquid refracts (bends) a
beam of light entering it from the air.
When a substance is dissolved in the
liquid, it changes the index of refraction.
The amount of change again depends
upon the number of dissolved molecules
and the amplitude of the electronic vi-
brations. But this change is directly pro-
portional to the amplitude, whereas the
increase in the scattering of light is pro-
portional to the square of the amplitude.

The change in refraction represents
the number of molecules times the am-
plitude; the increase in turbidity indi-
cates the number of molecules times the
square of the amplitude. Therefore if we
make both measurements, we obtain two
equations which can be solved to give
the number of molecules.

A 1 per cent solution of large mole-
cules is about 100 times more turbid
than the solvent itself. This increase in
scattering of light can easily be measured
with a photocell. Moreover, the efficien-
cy of the turbidity method for counting
molecules increases with the size of the
molecules. The following thought ex-
periment illustrates why. Let us say we
have dissolved a certain number of mole-
cules in a given volume of solvent. If we
were now to hook pairs of these mole-
cules together to double the size of the
molecules, what would be the effect on
the turbidity of the solution? There
would only be half as many scattering
centers as before. But by doubling the
size of the molecules we would have
doubled the amplitude of the oscilla-
tions; since the scattering of light in-
creases in proportion to the square of the
amplitude, we would have increased the
scattering by each center fourfold. Thus
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SCATTERING is produced by particles
acting as antennas. The simplest scattering
center is a hydrogen atom, shown schemati-
cally at top. The dot represents the nucleus,
and the circle the electron cloud. In the cen-
ter the electric field of an incoming light
wave displaces the electron cloud. The cloud
then oscillates (bottom), radiating light in
the pattern indicated by colored circles.
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SCATTERING IS MEASURED by photocell. Light, indicated by
colored lines, passes up through tank at right. Scattered energy

the net result is that large molecules in
solution have twice as strong a scattering
effect as an equal weight of molecules
half their size.

So far we have assumed that the mole-

cules we are counting in a given
experiment to arrive at the molecular
weight are all of the same size. But of
course this is not usually the case in a
batch of a polymerized substance. The
stringlike molecules do not necessarily
grow to one uniform length; the molec-
ular chains in the batch may vary widely
in weight. Consequently the molec-

ular weight we obtain is only an average,
both in the osmotic and the light-scatter-
ing methods. The interesting fact is that
one average differs from the other!

In the osmosis experiment every dis-
solved macromolecule contributes equal-
ly to the osmotic pressure, whatever its
weight. Therefore the count of mole-
cules, divided into the combined weight
of the molecules, gives an average molec-
ular weight in the usual sense of the
word average: for example, if the sample
is a mixture in which half the molecules
have a molecular weight of 10,000 and
half 30,000, the average will come out to

strikes the cell, releasing electrons (black lines). The resulting
current is then measured by the meter at top of photocell circuit.

20,000. But the light-scattering method
will give a different result, because the
larger molecules scatter light more
strongly—in this case in the ratio of 3 to
1. The smaller molecules contribute one
fourth to the total effect, the larger mole-
cules three fourths. Therefore the com-
puted average molecular weight will be
one fourth of 10,000 plus three fourths
of 30,000, or 25,000. It is easy to see that
we can obtain extra information by mak-
ing both measurements on a given
sample of material. If both methods yield
the same average, we know that all the
molecules in the sample have the same

POSSIBLE CONFIGURATIONS of a chain of carbon atoms are
illustrated in the drawings at the bottom of these two pages. The
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black balls represent carbon atoms; the gray lines, the bonds which
join them. The colored cones show, for each bond, all the pos-



REFRACTOMETER measures changes in refraction. Hollow prism
(triangle) containing solution of giant molecules (dots) is im-

weight. If the averages differ, the differ-
ence indicates roughly the spread of
their weights.

Et us now give thought to what the
scattering of light may tell us about
the structure or configuration of giant
molecules. We think of a long, flexible
molecule which can coil up or stretch
out into a great number of different
shapes. Considering all its possible con-
volutions, what is its average size (the
volume it occupies) likely to be? We can
make a rough estimate by considering
the distance between one end of the

sible positions through which it could move, assuming that the
bond to its left is fixed. Any two successive bonds must make an

molecule and the other in all of the
molecule’s possible configurations.

The problem is reminiscent of the
“random walk” problem in mathematics.
Suppose a person takes a step in some
random direction, forgets what he has
done and takes a step in another direc-
tion, turns and steps again, and so on.
Assuming that the turns are made com-
pletely at random, how far will he move
from his starting point, on the average,
in a given number of steps of the same
length? It turns out that the average dis-
tance is proportional to the square root
of the number of steps. If he takes four
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mersed in vessel of pure solvent. Colored lines show light paths,
the broken lines giving the path when prism contains pure solvent.

times as many steps, he will wind up
only twice as far from his starting point.

In a similar way we examine the pos-
sible twists and turns of a long chain
molecule. Here the distance between one
carbon atom and the next corresponds
to a step. The molecule can rotate more
or less freely around each C-C bond, but
the bonds are restricted to an angle of
109.5 degrees to one another. Know-
ing the length of the step and the angle
of the permitted turns, we can calculate
the distance from one end of the mole-
cule to the other in all its allowed con-
figurations. Now the square root of the

angle of 109.5 degrees, but the bonds are free to move with respect
to one another as long as the size of the angle is maintained.
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SCATTERING PATTERN for solution of small molecules is at give direction of beam. Other arrows, by their relative lengths, in-
left; for solution of large molecules, at right. Horizontal arrows dicate the relative intensity of light scattered at various angles.
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average of the squares of all these dis-
tances is taken to define the average size
of the molecule.

As a specific example let us take the
molecule of polystyrene in solution in
benzene. A polystyrene molecule of
molecular weight one million has about
20,000 C-C links, each 1.5 Angstrom
units long (one Angstrom is a hundred
millionth of a centimeter). From the in-
formation aforementioned, we compute
that the average end-to-end distance, or
diameter, of the molecule is about 300
Angstroms.

Now this size begins to be comparable
with the wavelengths of visible light
(which are in the neighborhood of 5,000
Angstroms). A molecule of such a size
no longer acts like a single point in in-
tercepting and reradiating light; instead,
light comes from various points on the
molecule, and as a result we have inter-
ference effects because of phase differ-
ences in the scattered light waves. The
intensity of light-scattering now depends
on the angle from which we view the
beam [see diagrams on opposite page].
On the average a solution of large mole-
cules scatters more energy forward, in
the direction of the beam, than back-
ward. What is most important, the larger
the molecule, the higher the proportion
of light scattered in the forward direc-
tion.

We can consult this scattering pattern,
then, as a guide to the size of molecules.
Polystyrene has been so studied, and it
has confirmed the prediction that the
size of a molecule is proportional to the
scquare root of the number of C-C links.
However, the size in each case is sub-
stantially larger than had been calcu-
lated theoretically: polystyrene of molec-
ular weight one million has an average
“diameter” (end-to-end distance) of
1,100 Angstroms instead of 300. The
chief reason for the discrepancy is that
in considering the possible configura-
tions the calculation failed to take ac-
count of such factors as the impossibility
of two monomers in the chain simultane-
ously occupying the same position in
space. Naturally the molecules cannot
be as compact, on the average, as such a
calculation predicts.

The mathematical difficulties in deal-
ing with these enormously complex
molecules are so formidable that we are
far from any fully satisfactory quantita-
tive description of them. But all in all,
the combined information from the vari-
ous measurements—of viscosity, osmotic
pressure and scattering of light—is be-
ginning to give us a clear picture of their
size and structure.

PHOTOMETER measures light scattering. Light source is a mercury arc in the cylinder
in the center. The beam passes through a shutter to the dark chamber at right. This contains
the scattering solution and a photocell which can be rotated by means of the graduated dial
at the bottom of the chamber. The meter at the right indicates the current in the photocell.

VISCOMETER is essentially a capillary tube. In this photograph the capillary is the center
tube in the assembly of glass at left in the large vessel. Liquid drawn up from the bottom
bulb fills the two small bulbs above the capillary. It is then timed as it flows out. The rest
of the apparatus in the vessel is for the purpose of maintaining constant temperature.
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How Giant Molecules Are Made

New catalvsts control the orientation of monomers as they

are linked in chains. This greatly increases the range

of properties that can be built into synthetic polymers

chemist setting out to build a
A giant molecule is in the same

position as an architect designing
a building. He has a number of building
blocks of certain shapes and sizes, and
his task is to put them together in a
structure to serve a purticular purpose.
The chemist works under the awkward
handicap that his building blocks are in-
visible, because thev are submicroscop-
ically small, but on the other hand he
enjoys the happy advantage that nature
has provided models to guide him. By
studying the giant molecules made by
living organisms, chemists have learned
to construct molecules like them. What
makes high-polymer chemistry still more
exciting just now is that almost over-
night, within the last few years, there
have come discoveries of new ways to
put the building blocks together—dis-
coveries which promise a great harvest
of new materials that have never existed
on the earth.

We can hardly begin to conceive how
profoundly this new chemistry will af-
fect man’s life. Giant molecules occupy
a very large place in our material econo-
my. Tens of millions of men and women,
and immense areas of the earth’s sur-
tace, are devoted to production of natu-
ral high polymers, such as cellulose, rub-
ber and wool. Now it appears that syn-

PROPYLENE is the monomer of the poly-
mer chains depicted in formulas at right.
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thetic materials of equivalent or perhaps
even better properties can be made rap-
idly and economically from coal or
petroleum. Among other things, this
holds forth the prospect that we shall be
able to turn much of the land now used
for the production of fiber to the produc-
tion of food for the world’s growing
population.

In this article I shall explain how the
synthetic giant molecules are made. The
molecules with which we are here con-
cerned are the chainlike structures made
of organic building blocks. They are
formed by linking together hundreds
or thousands of these units, called mon-
omers. Let us consider the monomers
first.

A monomer whose structure consists
simply of a backbone of carbon atoms
with hydrogen atoms ranged along the
sides lends itself to the formation of a
neat, straight chain of links hooked end
to end, though it may also grow branches.
Chain molecules of this type readily
align themselves alongside one another
and can be oriented to form fibers. The
structure becomes more complex when,
in place of hydrogen atoms, the mono-
mer has side groups—for example, the
methyl group (CHj). A chain formed
of such monomers may have one of three
arrangements [see diagrams at right].
(1) The side groups may occur at ran-
dom on either side of the chain; this
type of polymer is called “atactic,”
meaning lacking in order (tactic comes
from the Greek word for order). (2)
The groups may all lie on one side of the
chain; this arrangement is called “iso-
tactic.” (3) They may alternate from
one side to the other in regular order;
this type is called “syndiotactic.”

These elements of structure lead to a
great variety of formations. Isotactic
chains easily line up side by side and
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form crystalline structures, whereas
atactic chains tend to make an amor-
phous material. Blocks of different poly-
mers may be joined end to end, or one
polymer mayv be grafted onto another as
a branch on the main chain [see dia-
gram on page 89]. In each case the
structure confers certain mechanical

1.

H CH H CH H

RN

—C—C—C—C—C—C—C—

I

H H H H H

POLYPROPYLENE can now be prepared
in various forms. If the CH; side groups (in

H

CHs

H
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properties on the polymer, as Arthur V.
Tobolsky explains in the following article
[page 120]. For example, crystallinity
gives a polymer strength and a high
melting point, side-by-side alignment of
the chains in bundles allows formation
of a fiber, and so on.

How do monomers grow into a chain;
that is, how do they link themselves
together? There are two ways, called
condensation and addition. In the con-
densation process, monomers or groups
of monomers, upon being heated, unite
spontaneously and at random by chem-
ically active hooks at their ends—like
skaters or groups of skaters linking arms.
In the addition process the polymer
builds up, one monomer at a time, by a
chain reaction, very much as if one per-
son grasped a live wire and was fixed
to it, a second seized the first and was
himself held fast by the electricity, a
third person similarly was added to
the chain by seizing the second, and
so on.
Let us follow through the condensa-

H H CH; H H H CHy H
c—C—C—C—C—Cc—C—C—
W W H O CHH W H
H H H H H H H H
c—C—C—C—C—C—C—C—
CH; H CH; H C H CH; H
H H CH H H H CH H
cC—C—C—C—C—C—C—C—
C H H H CH; H H H

color with adjacent hydrogen) are located at random on either side
of the carbon chain, the polymer is called atactic (1). If they are

tion process. Suppose we dump a mix-
ture of monomers into solution and heat
the mixture. If the monomers are
equipped with chemically active hooks.
we can expect them to link up into poly-
mers. But the product we get will be
strictly accidental. Like a tile floor in
which tiles of different colors are put
together at random, the polymer will
have no predictable pattern, because
the monomers, having no preference for
any particular configuration, will have
linked up by chance.

If, however, we use monomers which
join only in one way, we can predict
what kind of chain they will form. We
take, let us say, two monomers: one has
a basic group, the amino group (NH,),
at each end, the other has an acid group,
carboxyl (COOH), at each end. The two
monomers will hook up end to end, the
basic end of one linking up with the
acid end of the other and splitting off a
molecule of water in the chemical re-
action [see diagrams at the bottom of
pages 86 and 87]. This is the classical
reaction by which, in nature, amino

H H H H H H H
.
c—C—C—C—C—C—C

1 T T I I
CHo H CH; H CH, H CH

H H CH H H H  CH
I
cC—C—C—C—C—C—C—
1 T O I
CHb H H H CH, H H
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acids are linked to form proteins, as Paul
Doty explains in the article on page 173.
It has been adapted by man to make syn-
thetic fibers such as nylon. The mono-
mers may have a basic group at one end
and an acid at the other, or basic groups
at both ends, or acids at both ends; in all
cases it is the inherent chemical affinity
between the end groups that causes the
monomers to grow into a linear polymer.

This building plan, upon which Wal-
lace H. Carothers of du Pont based his
synthesis of nvlon, is derived from the
design of the natural fibers of wool and
silk. They too are made by condensa-
tion of simple, regular monomers, all of
the same configuration (levorotatory).
Their monomers are amino acids, with
an amino group at one end and a
carboxyl at the other; they link up
into long chains; the chains in turn are
spun into strong fibers. All these les-
sons from the natural models have been
followed by the creators of synthet-
ic fibers. We do not know very much
about how living organisms carry out
their building and spinning processes,

H CH H CH H H
—C—C—C—C—C —C —
H H H H H O
H H H H H H
—C—C—C~C—C—C—
H CH, H CH, H CH
H H H CH H H
cC—C—C—C—C—C—

H H H H

on the same side, the material is isotactic (2); if the groups are
distributed from side to side in a regular way, it is syndiotactic (3).
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but the chemist has his own methods.

The construction of polymers by the
condensation method is rather slow and
tends to come to an almost complete
stop before the molecules have attained
a truly giant size, because as the chains
grow they become less mobile and less
numerous and therefore less likely to en-
counter free building blocks in the solu-
tion. Fortunately products such as nylon
have acquired their valuable properties
when they reach a molecular weight of
10,000 to 20,000. But to build molecules
with molecular weights in the hundreds
of thousands or millions by condensation
is very difficult.

he addition method, on the other

hand, can produce giant molecules
of almost unlimited size. Starting from
an active center (an activated monomer
which serves as a kind of seed), it adds”
one monomer at a time and rapidly
builds a chain which in theory can go
on growing indefinitely as long as the
supply of building blocks holds out. The
process is comparatively simple but diffi-
cult to control. As I mentioned, the
monomers here employed do not start
with built-in chemical hooks, as con-
densing monomers do: instead the hooks
have to be generated. Each monomer,

1.

NaNH, ——>
2.

H CN

NH, + C=—=C

H CN
’ H CN H CN
HN —C—C~ + C=—C
H CN H CN

upon joining the chain, thereby acquires
a hook to seize another. There are vari-
ous ways of generating such a hook, or
bond; each requires a catalyst.

One method employs free radicals as
the catalyst. (Actually they differ from
true catalysts in that they are consumed
in the polymerization reaction.) A free
radical is a compound with an unpaired
electron—usually a fragment of a larger
molecule which has been split by heat-
ing. The unpaired electron makes the
radical very reactive: it readily hooks
itself to another molecule by its odd
electron. Suppose it encounters a mono-
mer. In an organic monomer the carbon
and hydrogen atoms are held together
by covalent bonds, meaning that the
bond consists of a pair of electrons
shared between a pair of atoms. The
conventional symbol C-C represents two
carbon atoms linked by an electron pair.
Frequently the carbon atoms are joined
by a double bond (C=C)—that is, two
pairs of electrons. Now when a free radi-
cal encounters a double bond, it may pair
with one of the electrons in the extra
bond, leaving the other member of the
pair without a partner. Thus the mono-
mer itself becomes a radical: it now has
an unpaired electron at one end [see
diagrams at top of pages 86 and 87]. It

NH,

H CN H CN

—> HN—C—C—C—C~

]

H CN H CN

IONIC ADDITION is illustrated by example. Sodium amide splits into ions (1). A negative
NH: ion combines with the positive end of a vinylidene nitrile monomer (2). The negative
end of this monomer then combines with the positive end of a second (3), and so on.
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promptly reacts with a second mono-
mer; the newly released electron at the
end of the second seizes a third mon-
omer; the third grasps a fourth, and so
the chain grows. It can grow to giant
size and might increase without limit
but for the fact that the reactive end of
the chain is not restricted to reacting
with monomers: it may combine with
other molecules in the solution, or two
chains may join head on (i.e., at their
free-radical ends), thus closing the
growing points of both.

Among the polymers that can be made
by the free-radical method are poly-
ethylene [see article on page 139], poly-
styrene and polyvinyl chloride. Some of
these giant molecules are perfectly
linear, like a long snake; some are
branched, like a tree. Branches develop
when free radicals start side growths
at points along the chain. This is par-
ticularly likely to happen when a poly-
mer is produced at high temperature.
For example, polyethylene made by the
high-pressure process (at pressures
above 1,000 atmospheres and tempera-
tures above 212 degrees Fahrenheit) is
highly branched: it may have several
long branches and hundreds of small
ones. The branches interfere with pack-
ing of the chains in crystalline (ie.,
regular) arrangements, and as a result
polyethylene synthesized by this method
has a comparatively low crystallinity—
30 to 60 per cent. With low crystallinity
go low strength and a low melting point.

Free radicals are one type of catalyst

that can grow polymers by addition;
another method involves the use of ions
as catalysts. The latter is a very recent
development, and to my mind it por-
tends a revolution in the synthesis of
giant molecules, opening up large new
horizons.

Under certain circumstances the elec-
trons of a double bond between the car-
bon atoms in a monomer can be so dis-
placed that one of the carbon atoms in
effect has a positive charge while the
other end of the molecule is negative.
The carbon atoms are “polarized,” so to
speak. If we now neutralize the positive-
ly charged carbon atom by causing it to
react with a negative ion, the other end
of the monomer becomes negatively
charged, because of its unneutralized
negative carbon atom. It will then act
as a negative ion and attach itself to
the positively charged end of a second
“polarized” monomer [see diagram at the
left]. This again leaves a negative charge
at the growing end of the molecule.
Thus, by a chain reaction like the one



catalyzed by free radicals, the molecule >
grows to a high polymer. This version N
of the ionic process uses negative ions R /
(anions) as the catalysts. The process \(J/ N
also works in reverse: if positive ions .
(cations) react with the negatively e
charged end of a polarized monomer, ],
it will grow from the positively charged H H H H
end. ‘ |
The cationic method has produced ‘ ‘
some very interesting high polymers: + = C—C—C— ==
for instance, butyl rubber, the synthetic ‘ | ’ 1
rubber used for tire inner tubes. But
the anionic catal_vsts, a more recent H C H
development, have proved far more
powertul. They yield huge, made-to-
order molecules with extraordinary prop- 2
erties. 2 N o
Experiments with anionic catalysts LY // T
had been carried on for a number of s o3
years. Before World War II Russian N
chemists, by a process using sodium as <>
the catalyst, had produced a synthetic
rubber from butadiene, but the rubber H H H H H H
was of rather poor quality. In the U. S. | ‘ | | | ‘
the polymer chemist Avery Morton had + C—C—C—C—C—C —
obtained very large polymers of buta- = N
diene and styrene with an ionic process. | ‘ 1 ‘ [ |
And Michael Szwarc had generated H CH, H CH, H CH,
tremendous chains of polystyrene which
he called “living molecules,” because
even after they had stopped growing, >
having used up the available styrene, S
they would start growing again if more < &
styrene was supplied later. \b/ N X
Only in the last four years, however, [ L
have the great possibilities of ionic
catalysis begun to take shape. In 1953 3
Karl Ziegler in Germany, and less than ’ H H H H H H H H
a year later the du Pont Company in }
the U. S., patented new ionic proc- ‘ | | | ‘ ‘ I

N

esses for making polyethylene. These e _ C=— G —if— i — C—C—EC—
processes made it possible to synthe- ‘ ‘ ‘ i 1 | | |
size polyethylene at atmospheric pres-

sure and temperatures as low as 90 / H CHh H CH H CH, H CH;

degrees F., instead of the very high

pressures and temperatures previously

required. For the first time the mole- e

cule could be polymerized in a regular, \

unbranched form, producing a strong, \ /7 \

crystalline material with high resistance

to heat. \
Early in 1954 our group in the Insti-

tute of Industrial Chemistry of the

&

f"\'\

Polytechnic Institute of Milan, using H H H H H H H H H H
certain special catalysts, succeeded in | | I 1 | ‘ I ‘ I ‘
polymerizing more complex monomers - T -
of the vinyl family (of which ethylene + = c C C C c C c c C
is a member). We were able to gener- ‘ * | J ‘ | | ‘ ’ |
ate chains of very great length, running H CH, H CH, H CH, H CH, H CHa

to molecular weights in the millions (up
to 10 million in one case), and to pro-

duce at will e‘lther ISQtiICtIC or S,Vndwtac' NEW IONIC CATALYST is a solid material (colored band) containing complex positive
tic or atactic forms of the chains. In other  jons. It grows ordered polymers, in which new units add themselves at the inside end of the
words, we found that it was pOSSible, by a  growing chain. Shown here are four stages in the growth of isotactic polypropylene.
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proper choice of catalysts, to control the
growth of chains according to prede-
termined specifications.

Among the monomers we have poly-
merized in this way are styrene and
propylene, both hydrocarbons derived
from petroleum. The polypropylenes we
have made illustrate the versatility of the
method. We can synthesize them in
three forms: isotactic, atactic or “block
isotactic,” that is, a chain consisting of
blocks, one having all the side groups

DEGREES OF ORDER in polypropylene molecules can be varied.
Isotactic molecule (top) has CH; side groups (the balls through
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aligned on one side, the other on the op-
posite side [see diagrams below]. The
isotactic polypropylene is a highly crys-
talline substance with a high melting
point (346 degrees F.); it makes very
strong fibers, like those of natural silk
or nylon. The atactic product, in con-
trast, is amorphous and has the elastic
properties of rubber. The block versions
of polypropylene have the intermediate
characteristics of a plastic, with more or
less rigidity or elasticity.

The possibilitv of obtaining such a

© 1957 SCIENTIFIC AMERICAN, INC

wide array of different products from
the same raw material naturally aroused
great interest. Furthermore, the new
controlled processes created properties
not attainable before: for example,
polystyrene, which had been known only
as a glassy material with a low softening
point (under 200 degrees F.), now
could be prepared as a strong, crystalline
plastic with a melting point near 460
degrees. The new-found power of the
anionic catalysts stimulated great activi-
tv in polymer research, both in Europe

which the imaginary colored ribbon passes) in a regular helical
sequence around the central chain. 1t forms crystalline fibers. The



and in the U. S. New polymers were
made from various monomers. In our
own laboratory we synthesized all of the
regular polymels and some amorphous
ones, that can be made from butadiene;
some of the products are rubber-like,
others not. At about the same time the
B. F. Goodrich Company and the Fire-
stone Tire and Rubber Company both
announced that theyv had synthesized,
from isoprene, a rubber identical to
natural rubber—a problem on which
chemists throughout the world had

middle diagram shows a section of a block polymer with three iso-
tactic parts. It forms a less crystalline, leathery material. A random

worked in vain for more than half a
century,

\X/’ hat are the magical new catalysts
that have shown such remarkable
powers? Most of them are complexes
consisting of several substances: for in-
stance, the chloride of a metal with an
unfilled electron shell (e.g., titanium)
and an “organometallic” compound (e.g.,
aluminum linked to an alkyl group).
Groups of ions of these substances serve
as the active centers from which giant

© 1957 SCIENTIFIC AMERICAN, INC

molecules grow. The character of the
growing molecule is controlled by the
nature of the generating complex and by
temperature. When the catalytic com-
plex is firmly fixed on solid crystals with
a layer structure and the reaction pro-
ceeds at low temperature, it generates
a perfectly regular, isotactic molecule of
tremendous length. When the generat-
ing complex is less firmly rooted in the
crystals, or when the process is carried
out at high temperatures, the chain
changes its pattern of growth from time

molecule (bottom) forms an amorphous, rubbery substance. The
balls in the backbone represent, alternately, CH. and CH groups.
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to time and we get a molecule of the
block type. When the catalysts are em-
bedded in an amorphous support, we
get atactic, or irregular, molecules.

The giant molecules themselves do not
suggest life, but the catalytic complexes
that generate them do. We should speak
not of “living molecules,” as Szwarc
did, but of “living complexes.” A mole-
cule growing from the catalytic complex
on the surface of a crystal is like a hair
growing from its root: that is, the mon-
omers are added at the root. The long
molecule is very thin and very delicate—
far more easily torn loose than an actual
hair. Even eddies produced by stirring
the liquid will tear the molecule from
its generating complex, as a windstorm
can tear a slender plant stem from its
roots. But the generating complex, like
a root, does not die; it retains the ability
to send forth new shoots. It is, how-
ever, subject to a number of mortal
dangers: certain poisons will kill its
ability to generate molecules, freezing
or lack of nourishment will render it in-
active, and so on.

No one will be misled into supposing
that these complexes bear any basic re-
semblance to a living organism. Never-
theless the analogies between the way
they build giant molecules and the way
an organism does are striking, and very
hopetul for the future of polymer chem-
istry. A living creature builds its high
polymers, precisely tailored according
to a set design, by means of catalysts
(enzymes). We are now in a position to
hope that, with man-made catalysts, we
shall be able to produce predesigned
giant molecules in the same controlled
and orderly way.

In some respects we can improve on
nature. As I have mentioned, we shall
probably be able to create many new
molecules which do not exist in living
matter. They can be made from simple,
inexpensive materials. And we can
manufacture giant molecules more rap-
idly than an organism usually does. For
example, a single active center in a
catalyst can generate more than 10,000
polypropylene molecules of molecular
weight 200,000 in 20 hours—polymer-
izing monomers at the rate of 250,000
per hour!

Although it is less than four years
since the new methods for controlled
synthesis of macromolecules were dis-
covered, already many new synthetic
substances—potential fibers, rubbers and
plastics—have been made. Thousands of
chemists are now devoting themselves
POLYBUTADIENE has recently been prepared in all four possible stereoisomeric forms by to this new field of research, and unlimit-
Natta and his colleagues in Milan. In these diagrams the large balls represent carbon €d possibilities have been opened to their
atoms; the small balls, hydrogen atoms. Form 1 is a rubbery substance; form 2 is fibrous. imagination.
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Kodak reports on:

what may become a standard anion-exchange packing. .. film for cases where
no other film will do ... learning to synchronize

A fluff of good resolution

With one of the lowest bulk densi-
ties among Eastman Organic solids,
regard these five grams of fluff.
Familiarize yourself with the look
of N,N-Diethylaminoethylcellulose
(Eastman 7392; 25 g. for $4.60,
100 g. for $15.90). It looms as the
standard anion-exchange packing
for chromatographic columns set
up to resolve proteins.

Despite our many years in cellu-
lose chemistry, and despite our
having invented and manufactured
oxycellulose for the purification of
ACTH by ion exchange, the idea for
DEAE-cellulose seems to have en-
tered the heads of some folks at the
National Institutes of Health in-
stead of ours (J.A.C.S., 78, 751). We
are not crestfallen, though, for we
recognize that our lot is to make
and sell Eastman Organic Chemi-
cals and invent only when we can.

A gentleman in Philadelphia
named Earl Usdin has been so
grateful at being spared the mess of
preparing his own DEAE-cellulose
that he has shared with us his ex-
perience here and in Sweden with a
further elaboration of the idea,
N,N,N-triethylaminoethylcellulose.
This is a quaternary compound,
with a charged nitrogen ready to at-
tract anions as soon as the coating
of hydroxyls that preserve its elec-
trical neutrality has been removed.
With that kind of attractive force
in play, the casual bystander would
expect to find TEAE-cellulose much
more anion-avid than DEAE-cellu-
lose, which depends on the mere
general basicity of amine nitrogen.
Doctor Usdin, no casual bystander
in this area, reports that actually
the effective difference between the
two is small.

Certain folic acid derivatives that
interest him come off the TEAE-
cellulose with phosphate develop-
ers at pH 6.1, as compared with the

rather destructive pH 1 to 2 levels
which the older-fashioned, ante-
cellulosic ion-exchange resins need
to make them let go. He claims that
once you have the DEAE-cellulose
it’s a breeze to convert to TEAE-
cellulose. Just reflux with Bromoeth-

ane (Eastman 114).

We’ll give this some time to sink in.
Then, if demand should develop for
TEAE-cellulose, we might be moved to
offer that too. Meanwhile you are wel-
come to an abstract of the procedures
for chromatography with these fluffs.
Also to a copy of our catalog of some
3600 organic chemicals we stock, “East-
man Organic Chemicals List No. 40.”
Write Distillation Products Industries,
Eastman Organic Chemicals Depart-
ment, Rochester 3, N. Y. (Division of
Eastman Kodak Company).

For your own good

It is now possible to walk up to an
ordinary film counter and buy a
roll of 120 or 620 roll film that is
just too fast for your own good. We
do not recommend the new Kodak
Royal-X Pan Film, except for spe-
cial cases involving very poor light
conditions, very high shutter speeds,
or very small lens openings. Proc-
essing it by current commercial
photofinishing techniques will lead
to unsatisfactory results; instead,
one must follow the special proc-
essing instructions packed with the
film. Measured by the official ASA
method, the Exposure Index is 650,
but we think you will get along
better handling it on the assumption
of a 1600 exposure index.

Semi-pro sound movies

Four hundred feet of unexposed
16mm Kodachrome Film can be
purchased for $24. $14 more gets it
processed (and by us at that). $10
more puts a Kodak Sonotrack Coat-
ing along the edge. Now sound can
be magnetically recorded on the
film by merely projecting it with the
Kodak Pageant Sound Projector,
Magnetic-Optical, while commen-
tary, sound effects, and/or musical
background are applied via the
handy microphone. Now, if 109
is enough for wastage, you have 10
minutes of movies with sound.
Total outlay, exclusive of equip-
ment amortization and talent—$48.
If you have planned well, you can

impart much information or per-
suasion in this way, and more
vividly than by ink on paper.

Then ambition sets in. You
realize in time that the distinction
between a movie with sound and a
sound movie can be as noticeable
as the distinction between “‘assistant
director” and ‘‘assistant to the
director.”

Synchronization—that’s the prob-
lem.

If the aforementioned Pageant
projector could be run at exactly
the same speed as the movie camera
used, you could take the projector
to the scene of photography and
with it record lip-synchronized
speech and actual sounds. This
turns out to be feasible. All you
need is a simple braking attach-
ment on the projector and a strobe
pattern disk, both of which we can
supply, and a little neon or argon
lamp.

Still, you are not yet in a good
position to compete for the top
awards of the Motion Picture
Academy of Arts and Sciences. On
the other hand, you have paid the
Kodak Audio-Visual Dealer only
$12.50 for synchronizing equip-
ment.

By now when watching movies
at the theater or on television, you
are aware of how the film editor
keeps switching back and forth be-
tween the camera angles and auxil-
iary shots at his disposal while the
sound track flows smoothly on. So
back you go to the Audio-Visual
Dealer. He has been fully indoctri-
nated by us in a new technique of
great utility to organizations who
would like to turn out sound films
that rise up and out of the amateur
class yet require too few release
prints over which to distribute the
costs involved in professional pro-
duction. This new re-recording tech-
nique is built around a few extremely
inexpensive magnetic recording aids
and certain unique design features
of the Pageant Sound Projector,
Models MK4 and AV-104M. He is
eager to teach it to you.

If you can’t remember the fellow’s
name, a note to Eastman Kodak Com-
pany, Audio-Visual Sales, Rochester 4,
N. Y., will bring a quick reminder.

Priges quoted are subject to
change without notice.

This is another advertisement where Eastman Kodak Company
probes at random for mutual interests and occasionally a little
revenue from those whose work has something to do with science
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See TAM*

. AN
for High \,‘\\\\
Purity

TITANIUM
CARBIDE

o commercial

}\ quantities

TITANIUM CARBIDE is an extremely hard
substance with good oxidation resistance at
high temperatures. This combination of prop-
erties makes its use advantageous in several
applications. Among these are 1. as a compo-
nent in sintered steel cutting tools, 2. for
jet engine parts and 3. as a high tempera-
ture refractory material.

PROPERTIES
Structure..Cubic Hardness...... 9 Moh Scale
Mp.......5680°F Mesh Size..95% 10 98%-325

(also finer particle sizes 10 microns max.

and 5 microns max.)
ANALYSIS of current commercial pro-
duction of TAM* Titanium Carbide shows
this high purity:
Combined Carbon..19.0% Min. Ti..79.0 % Min.
free Carbon........0.3% Max. Fe..0.2% Max.
iF YOU ARE INTERESTED in the pos-
sibilities of Titanium Carbide or would like
price, delivery or technical information...
write our New York City office.

AS A DEVELOPER of metals, alloys, chem-
icals and compounds of both Titanium and
Zirconium... TAM is experienced and equipped
to serve your needs for these products.

*TAM is a registered trademark.

TAM
PRODUCTS

'I'ITMIIIIH ALLOY MFG. DIVISION

NATIONAL LEAD COMPANY
Executive and Sales Offices:
111 Broadway, New York City

General Offices, Works and Research Laboratories:
Niagara Falls, New York
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Enough Engineers

otwithstanding the feverish re-
\ cruiting of engineering college
graduates and the spate of want
ads in Sunday papers, there is no short-
age of engineers in the U. S., according
to a study by two economists, David M.
Blank and George J. Stigler, which was
financed by the National Science Foun-
dation. Their report, titled The Demand
and Supply of Scientific Personnel, was
published last month.

Considering the problem in economic
terms—price as a reflection of the rela-
tion between supply and demand—the
economists observed that during the past
30 years the salaries of engineers have
lagged behind the pay of the general
labor force and of professional groups
such as doctors and lawyers. (The trend
was briefly reversed at the time of the
Korean War, when there was a shortage
of engineers for about a year.) While
starting salaries for engineers have
jumped, they have not risen more than
in business and other professions. The
pay of experienced engineers has not
kept pace, so the differential between
them and beginners has narrowed. In
1953, the latest year for which the study
obtained figures, the average salary of
engineers was $6,216.

The economists conclude that the in-
crease in the supply of engineers from
11,000 graduates per year in the early
1930s to 29,000 in the 1950s has more
than kept pace with the demand, and
that if engineers are in short supply,
they must be considered so on non-
economic criteria, for example, that “we
should have 10 per cent more engineers
than a hostile power is believed to have.”
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SGIENGE AND

The report discounts the significance
of help-wanted advertising. It is used
almost exclusively in connection with
military contracts, where the cost is re-
imbursed by the government.

Blank is an economist with the Co-
lumbia Broadcasting System. Stigler is a
professor of economics at Columbia Uni-
versity. Their study was made under the
auspices of the National Bureau of Eco-
nomic Research.

A story in The Wall Street Journal last
monthtended to bear out the economists’
argument. The paper said that engineers
laid off by the recent closing of a missiles
plant of North American Aviation were
having great trouble in finding new jobs.
Some were accepting “insulting” offers
of $600 per month. The U. S. as a whole
seems to be exhibiting a diminishing
“thirst for engineering skill,” said the
Journal.

Meeting at Pugwash
or six days last July, 22 scientists

5
P from 10 countries met in the hamlet
of Pugwash in Nova Scotia to talk about
“the perils to humanity posed by the
development of weapons of mass de-
struction.” Financed by the Cleveland
industrialist Cyrus Eaton, a native of
Pugwash, the conference was the cul-
mination of an appeal for such a meet-
ing made two years ago by Albert Ein-
stein and Bertrand Russell.

The group included scientists from
the U. S, the U.S.S.R., China and Japan.
They began by agreeing to “say nothing
which might seem to favor one rather
than the other of the two great groups
of powers into which the world is di-
vided”; then they split into three com-
mittees, which considered (1) the haz-
ards of the peaceful and military uses
of atomic energy, (2) the problems in
the control of nuclear weapons, (3) the
social responsibility of scientists. The
conference produced a general state-
ment emphasizing that every possible
effort should be expended to prevent
war and recommending suspension of
nuclear bomb tests, special attention to
disagreements between small nations,
which could lead to global war, and edu-
cation in each country on the necessity
for international cooperation.

Present at the conference, by invita-
tion of Lord Russell, were: M. L. E.



THE CITIZEN

Oliphant of Australia; H. Thirring ofl
Austria; G. Brock Chisholm and John
Stewart Foster of Canada; Chou Pei
Yuan of China; A. M. B. Lacassagne of
France; C. F. Powell and ]. Rotblat of
Great Britain; I. Ogawa, H. Yukawa and
S. Tomonaga of Japan; M. Danysz of
Poland; D. F. Cavers, H. J. Muller,
Doty, E. I. Rabinowitch, W. Selove, L |
Szilard and V. F. Weisskopf of the U. S.;
A. M. Kuzin, D. F. Skobeltzyn and A. V. |
Topchiev of the US.S.R.

Airborne Observatory

stronomers are about to get a new
f\ view of the sun, three times clearer
than they have ever had before. It will
be provided by photographs made 80,- |
000 feet above the ground by a 12-inch
telescope suspended from a giant bal-
loon. At this height the telescope will be
above the turbulence of the earth’s at-
mosphere, which limits the sharpness of
pictures taken from the ground.

Astronomy at 80,000 feet poses a
number of peculiar problems. The tele-
scope will be pointed at the sun by an
automatic light-seeking device devel-
oped for rocket work. Even if an astron-
omer wanted to go along for the ride,
his breathing would cause the platform
to swing too much. Against the extreme
and uncertain temperatures that will
be encountered, the telescope will have
heat-resistant quartz mirrors and a bar-
rel made of Invar, an alloy with a very
low coefficient of expansion. Its second-
ary mirror, collecting the focused beam
from the primary mirror, will rotate con-
tinuously so that its aluminized reflect-

ing surface will be exposed to the con-
centrated heat of the sun’s image only
once a second. Because of the uncertain-
ty about the temperature at 80,000 feet,
which will affect the focal length of the
telescope, the camera lens will shift over
a range of 20 different positions; thus
only one picture in 20 can be expected
to be in focus. The apparatus is designed
to make 8,000 photographs at one-sec-
ond intervals. After it has run through
this number, the telescope, camera and
guiding equipment will be released from
the balloon and parachute to the earth.

The main features of the sun that the
astronomers hope to photograph are
turbulent eddies in its outer gases. At
present the smallest such storms that can

BAUSCH
& LOMB
1.5 Meter

STIGMATIC
GRATING
SPECTROGRAPH

Unbelievably fine line quality . .

FREE

ANALYTICAL
PLANNING SERVICE

A Spectrograph
for only

1595!

CHOICE OF THREE MODELS
FOR INDUSTRY AND EDUCATION

Grating 635 450 415
Grooves/mm Grooves/mm Grooves/mm
Spectrum 45.00-70001\ 3700-7400A 2250-6250A
Coverage | (First order) (First order) (First order)
2250-3500A 1850-3700A
(Second order) | (Second order)
Dispersion 10A/mm 15A/mm 16A/mm
(First order) (First order) (First order)
SA/mm 7.5A/mm
(Second order) | (Second order)
Resolving 80,000 70,000 32,000
Power  ((Second order) | (second order) (First order)

. at the lowest price in the spec-
trograph field! Choice of models for fast, easy determinations of
a wide range of metals and alloys, lubricants, pigments, pharma-
ceuticals, many other materials. Takes 10” length of 35mm film.
Sturdy, stable. Compact: 5'x2’x1’. Complete with 36”x4” optical
bed to accommodate all current B&L accessories. (Accessories extra.)

Whether you now use spectrography or
not, let us survey your present and future

analytical problems . . .

both wet and dry.

We'll recommend efficient spectrographic
methods and equipment to assure you best
results for today @nd tomorrow.

BAUSCH & LOMB
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BAUSCH & LOMB OPTICAL CO.
78121 St. Paul St., Rochester 2, N. Y.
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[ Send me B&L Spectrograph Catalog D-277
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CUSTOM BUILT

HOW TO OUTWIT
OBSOLESCENCE

IT MAY PAY TO
INVESTIGATE

r vears, Calidyne has been building Vibration
Test Systems to meet specific military, aircraft,
automotive and industrial requirements. Most Sys-
tems have been custom-constructed for special ap-
plications. Although they were representative of the
most modern equipment available at the time, it
may now be to your advantage to modernize to meet
the newer requirements of this fast-moving field.

Some of the older Calidyne Vibration Test Sys-
tems may have become obsolete to a point where
they cannot be revamped to meet more modern
requirements. With others, it is possible for us to
up-grade the equipment so that its performance
will compare favorably with any now being offered.
In many cases this can be done without serious
sacrifice of the original investment.

When you want to investigate the possibility of
bringing your Calidyne Vibration Test System up
to date, get in touch with us here at Calidyne —
we can quickly tell you what can be done. The
telephone number is Winchester (Boston) 6-3810,
or write:

THE

CALIDYNE

COMPANY

Technicol Instruments, Inc.
Walthom 54, Messochusetts (Twinbrook 3.1400)

)
Horitord 3, Connecticut (Jockson 5.4846)

G. Curtis Engel & Associates, Inc.
Ridgewood, New Jersey (Gilbert 4.1400)
Long Island, New York (Walnut 1-5095)
Philodelphio, Pennsylvonio (Chestnut Hill 8.0892) M
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F 2. Jodon, Ine.
Washington 14, D. C. (Oliver 2.4406)

Specialized Equipment Corporation
Cocoo Beach, Florida (Cocoa Beoch 3328)  Brooks, Feeger and Morrow
AN

Hugh Morsiand end Compeny Phoe
Chicage 45, Il
Indianopolis |

120 CROSS STREET, WINCHESTER, MASSACHUSETTS

SALES REPRESENTATIVES

John A. Green Company
Dallos 7, Texos (Riverside 1-3266)
Tulso 14, Okiohomo (Riverside 2-4657)
Houston 6, Texos (Jockson 6-2959)

&emco
Seatle 8, Woshington [Londer 3320)
GANADA
Measurement Engineering, l1d.
Arnprior, Onlario (Phone 400)

buquerque, New Mexico (Albuguerque 8.1724)  Toronto, Ontario, (Hickery 4-8172)

200 (Amherst 5.0274)
Colorodo (Alpine 5-1196)

Rocke Infernational Corporation
13 East 4Qih Sireer
New York 16, New York (Murroy Hill 9:0200)

3 The e mpany
) Sherman Ooks, California (Stote 8-3781)
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be distinguished appear to be 600 miles
across. Sharper pictures should define
their size more closely and make visible
smaller eddies, giving a more detailed
view of the solar atmosphere. Flares and
prominences, which cause magnetic
storms and other disturbances on the
earth, are thought to grow out of eddies
in the sun.

The project, sponsored jointly by the
Office of Naval Research and the Air
Force, is directed by Martin Schwarz-
schild of Princeton University. The tele-
scope was made by the Perkin-Elmer
Corporation; the balloon suspension, by
General Mills, Inc.

W eather by Machine

W,Tith the aid of high-speed com-

puters, meteorologists are now

| grinding out mathematical weather pre-

dictions as good as, or better than, those
produced by the most skillful “subjec-
tive” forecasters. For the past year and
a half a Joint Numerical Weather Pre-
diction Unit in Washington, D.C., has
been furnishing daily machine forecasts
to its sponsoring agencies, the U. S.
Weather Bureau, the Navy and the Air
Force. The program was reviewed re-
cently in the Bulletin of the American
Meteorological Society.

The system is an attempt to compute
the detailed motions of the atmosphere
by means of the basic equations of fluid
dynamics, starting from observed initial
conditions. In practice these conditions
are the temperature and wind velocity
at a number of sample points in the at-
mosphere. The points may be taken at a
single altitude, or, for more accurate
predictions, at several.

The Joint Unit has dealt with a rough-
ly square region of air above North
America, the Arctic Circle and adjoining
portions of the Atlantic and Pacific
oceans. The atmosphere at 18,000 feet
is divided by a grid which gives almost
500 equally spaced points. Winds and
temperatures reported by observing sta-
tions near these points are fed into the
computer, which then proceeds to solve
the equations of motion. It presents its
answers in the form of the predicted
wind and temperature for each point at
a specified future time. Conditions at the
18,000-foot level are predicted for 24,
48 and 72 hours in the future. Three-
level computations, covering smaller
areas, are made for 12, 24 and 36 hours.

The machine forecasts for the levels
at 18,000 feet and above are consistently
better than those made by conventional
methods. But the sea-level predictions
are not quite as good. The Joint Unit has



Better Metals
for Better Products

Vacuum Equipment Division
F. J. STOKES CORPORATION
5500 Tabor Road, Philadelphia 20, Pa.

through Stokes
Vacuum Stream

Degassing Systems

ACUUM STREAM DEGASSING is an economical

method for the refinement of steel through
removal of gaseous impurities while the metal is
in the molten state. Among other benefits, this
eliminates hydrogen flaking and increases ingot
yields. Duetility is increased . . . alloy uniformity
and homogeneity are improved to give a sig-
nificantly better steel.

Stokes Vacuum Stream Degassing Systems are
another practical demonstration of the engineer-
ing and design leadership in the field of high
vacuum which Stokes has achieved during the
past 30 years. Stokes was the first American sup-
plier to install a major stream degassing system
...to engineer a completely practical plant of
proved production equipment.

Stream degassing is not only an asset to the steel
industries, but may also become a significant
factor in the production of non-ferrous metals,
especially copper and aluminum.

Stokes can provide a complete analysis of your
specific needs . . . supply your vacuum component
requirements . . . or fabricate and erect a com-
plete vacuum system on a turnkey contract, with
undivided responsibility for delivery and per-
formance. Write for additional information on
this and other Stokes high vacuum equipment
and systems—call on the Stokes Advisory Service
for consultation.
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Unless you have read dew
points with the Alnor Dew-
pointer, you’ll never guess that
the above is actually a picture
of a gas at its dew point.

Through this observation
port the Dewpointer lets you
see the dew or fog suspended in
the test chamber as a cone of
sunbeams—distinct and sure.
This unique instrument leaves
no guesswork as when trying
to tell when fog starts to form
on a polished surface.

You’ll Never Guess—with an
Alnor Dewpointer. Operation
as well as reading is so simple and precise

that even non-technical personnel obtain results to
laboratory standards—consistently. And the Dewpointer
is completely self-contained and portable, requires no ex-
ternal coolant or auxiliary apparatus. Operating on AC or
enclosed battery permits taking precision measurement of
dew points anywhere—faster.

Dew Points . . . Air Velocities . . . Temperatures

To each of these industrial measurement problems, Alnor
design brings precision, portability and simple operation.
Manufacturing and research divisions are continually look-
ing at old problems...finding new and better methods of
instrumentation. When next you need an answer to a
measurement probleminthese areas,contact Alnor—where
modern thinking produces results designed to meet
today’s industrial needs.

lllinois Testing Laboratories, Inc.,
Room 548, 420 N. LaSalle St., Chicago 10, Ill.

PRECISION INSTRUMENTS
FOR EVERY INDUSTRY
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just installed a larger computer and is
extending its region of coverage to the
entire Northern Hemisphere. This big-
ger network is expected to give substan-
tially better results at all levels, and
numerical methods may soon entirely
supplant conventional techniques of
weather forecasting.

Nearer Zero

A record descent on the temperature
4+ X gscale, to about a hundred-thou-
sandth of a degree above absolute zero,
has been made at the University of Ox-
ford. N. Kurti and a group of co-workers
at the Clarendon Laboratory cooled a
small piece of copper to this tempera-
ture, using the phenomenon of nuclear
magnetism. Discussing the experiment in
the magazine Science Progress, Kurti
predicted that refinements in technique
should make it possible to reach a mil-
lionth of a degree or less.

A standard process for producing very
low temperature lines up the molecules
of a cold magnetic salt in a magnetic
field, then removes the field and allows
the molecules to go back to a random
arrangement: the work performed in this
return reduces the thermal energy of the
material. If the molecular magnets could
attain complete disorder, they could be
cooled to absolute zero. Actually their
own magnetism produces an over-all

| field, so that there is an unavoidable or-

dering effect. Kurti applied the method
to the nuclei of copper atoms instead of
to molecules. Since nuclei are weaker
magnets than molecules, the residual or-
dering is reduced and greater cooling is
possible.

According to Kurti, matter may exhib-
it some entirely new properties in the
microdegree temperature range. Among
the properties he plans to investigate are
specific heats and electric and magnetic
behavior.

' Spacistor

A new type of semiconductor amplify-

ing device which, according to its
inventors, may be superior to transistors
for certain purposes was announced last
month by the Raytheon Manufacturing
Company. Among its expected advan-
tages are operation at higher frequencies
and higher temperatures.

The device, which is still in the lab-
oratory stage of development, is called
the “spacistor.” It consists of a semi-
conductor to which is applied a high,
steady voltage. The voltage produces a
“space charge” region in the semicon-
ductor and accelerates electrons passing



SILICONE NEWS

DOW CORNING

% Help deliver the Hustler’s punch

& Protect vital communications

% Keep the DEW line lighted

DEPENDABLE ALLIES in the constant battle to preserve peace are silicones—
the same Dow Corning Silicones that help production men mop up trouble
. that help designers engineer better consumer products.
detailed story of how silicones aid our defense program is under security
wraps, some information about the vital role silicones play in strengthening

spots . .

our defense arm can now be revealed.

STRIKING STRENGTH — The
Convair B58 Hustler, spectacular new
addition to our air arm, delivers
an extremely accurate and lethal

“punch”. One of the reasons for
its superior fire power efficiency is
Silastic,* the Dow Corning silicone
rubber.

The B58’s electronic fire control cen-
ters need protection against jolting
and electrical leakage. Silastic pro-
vides for that need. Silastic cushions
and insulates the fire control “brains”
against the roughest flight, despite the
sub-zero temperatures encountered
aloft. Silastic also remains resilient
when subjected — as often occurs
in this equipment — to temperatures
of 350F. Designed and produced for
the Convair B58 by Emerson Elec-
tric Manufacturing, these electronic
packages, cushioned in Silastic, assure
the Hustler’s ability to deliver.

On the civilian front, products rang-

*T. M. REG. U. s. PAT. OFF.

ing from “fry pans” to electric motors
—from portable TV’s to automobile
transmissions — have been improved
with Silastic, the silicone rubber
that retains superior electrical and
physical properties from —130 to
over 500 F.

NEW SWITCH—Communications
are vital in military operation. Strom-
berg-Carlson solved a major problem
of reliability in field-type telephone
switches by adopting coil spacers and
insulators of silicone resin-bonded

While the

Task Force: Silicones

glass laminate. While the spacers
and insulators formerly used would
melt under unusual stress, the
silicone-glass parts are unaffected
even if trouble on the circuit should
force temperatures to 680 F! Here
again, as in hundreds of industrial
and consumer products, Dow Corn-
ing Silicones have helped solve a
major dependability problem.

READY RADAR — Strung above
the Arctic Circle is a line of Distant
Early Warning radar stations. In that
remote, deep-freeze area, dependable
and maintenance-free power is essen-
tial. That’s why Western Electric
Company, prime contractor for DEW
Line installations, specified silicone
insulated dry-type transformers to
supply station power and lighting
requirements.

When insulated with Dow Corning
Silicones, dry-type transformers offer
exceptionally light weight, maximum
reliability, and are unaffected by
arctic cold even when idle. In indus-

trial installations, this type of silicone
insulated transformer offers excep-
tionally safe and reliable perform-
ance and permits location close to
the load.

FOR MORE INFORMATION on any of these silicone products

or applications, write Dept. 9821,

Dow Corning CORPORATION

MIDLAND. MICHIGAN

ATLANTA BOSTON CHICAGO CLEVELAND DALLAS DETROIT LOS ANGELES NEW YORK WASHINGTON, D. C.

CANADA: COW CORNING SILICONES LTD , TORONTO GREAT BRITAIN: MIDLAND SILICONES LTD., LONDON FRANCE: ST. GOBAIN, PARIS
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SPECIFY
L.inoe Sapphire

TRADE-MARK

LINDE Sapphire is...
Hard—Moh 9
Transparent, single crystal, pure
aluminum oxide
Nonporous—0% porosity
Easily sealed to metals and ceramics
Priced competitively with
sintered materials

LINDE Sapphire has. ..
Strernigth at elevated temperatures
High melting point—2040° C.
Excellent IR transmission

at high temperatures

(above 500° C.)

LINDE Sapphire is
available as .. .
Windows

Domes

Rods and tubes

Special shapes—to order

For more information about
LiNDE Sapphire . . . Write “Crys-
tals Dept. R-9.” LINDE COMPANY,
Division of Union Carbide Cor-
poration, 30 East 42nd Street,
New York 17, N. Y. In Canada:
Linde Company, Division of

Union Carbide Canada Limited.

ENGINEERS AND SCIENTISTS interested in working in Synthetic
Crystal Sales & Development, contact Mr. A. K. Seemann, Linde Com-

pany, 30 E. 42nd St., New York 17,

inde

112

CARBIDE

N. Y.

The terms ‘“‘Linde’
and ““Union Carbide’
are registered trade-
marks of Union
Carbide Corporation,

UNION
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through it to high speeds. Thus they
travel through the solid in a short time.
In a transistor the charges move by the
slower process of diffusion and have a
much longer transit time. The shorter
the transit time, the higher the frequency
at which an electronic device can op-
erate. Raytheon predicts that the spacis-
tor will work at 10,000 megacycles.

Electrons are supplied to the spacistor
from an outside battery circuit. There-
fore the current flow does not depend
on the availability of mobile charges
within the semiconductor, as it does in
transistors. Raytheon scientists say this
should make possible a wide choice of
materials, including silicon carbide,
which withstands higher temperatures
than silicon or germanium.

A further claimed advantage is that
practically no current is required from
the signal that is to be amplified; it
merely modulates the battery current.
This means that spacistors can be used
to amplify low-power signals such as
electrical waves in the brain and other
biological systems.

Live-Virus Polio Vaccine

ZL\lthough the Salk dead-virus vaccine

seems to have cut polio cases in the
U. S. to less than one third, the live-virus
vaccines remain a live issue. An expert
committee of the World Health Organi-
zation recently urged that they be tested
on a large scale to determine whether
they can produce long-lasting immunity
and wipe out the disease organism. A
killed-virus vaccine “is not able to
achieve this kind of result,” said the
committee.

The immunity conferred by the Salk
vaccine does not prevent virus from mul-
tiplying in the intestinal tract. Thus the
germ can be passed from person to per-
son in a disease-free population. If im-
munity wears off, the virus will be there
to attack.

Live-virus vaccine, taken orally, is
said to immunize the intestinal tract as
natural infections do. This may mean
that the immunity it produces is as long
lasting. In any case it eliminates the
virus’s breeding ground. Some authori-
ties are studying the advisability of giv-
ing live vaccine to populations already
immunized with the Salk preparation.

One of the chief developers of a live-
virus vaccine, Albert B. Sabin of the
University of Cincinnati, says that tests
“on tens or hundreds of thousands of
individuals” are required “to establish
whether such an orally administered
vaccine is absolutely safe for an indi-
vidual and a community.” The possible
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TESTS BY REMINGTON RAND PROVE...

Du Pont MYLAR® provides greater reliability,
longer life for capacitors used in Univac®

PROBLEM: The Remington Rand
Division of the Sperry Rand Corp.
had to find a capacitor of high reli-
ability that could meet the require-
ments of extra-sensitive circuits
found in UNIVAC* Data Automation
Systems.

SOLUTION: In a series of accelerated
tests by Remington Rand, various
types of capacitors were exposed to
conditions more exacting than those
found in normal operationof UNIVAC

@UPOND

REG.U.S. PAT. OFF

BETTER THINGS FOR BETTER LIVING
. THROUGH CHEMISTRY

DU PONT

MYLAR

POLYESTER FILM

Systems. These tests proved that ca-
pacitors made with ‘“Mylar’’t poly-
ester film offered greater reliability
and longer life, with an extra margin
of safety in moisture resistance. The
tests documented the fact that
“Mylar” provides excellent insula-
tion resistance at high temperatures
. .. “Mylar” does not deteriorate
with age or voltage stresses within
normal operating ranges.

RESULTS: By using capacitors made
with “Mylar”’, Remington Rand has

*UNIVAC is a registered trademark of Sperry Rand Corporation.
1“MYLAR"’ is Du Pont’s registered trademark for its brand of polyester film.

E. I. du Pont de Nemours & Co. (Inc.)

Please send your booklet listing properties, applications and

|

| Film Dept., Room S-9, Wilmington 98, Del.

I

1 types of “Mylar’ polyester film available (MB-11).

“MYLAR?’ offers a unique
combination of properties
valuable for electrical design

HIGH TENSILE STRENGTH. “Mylar”
is the strongest plastic film. Instron tester
showsan average strength of 20,000 1bs. psi.

HIGH DIELECTRICSTRENGTH. Aver-
age of 4,000 volts per mil. . .average power
factor of 0.003 at 60 cycles . . . dielectric
constant above 3.0 at 72°F., 1,000 cycles.

THERMAL STABILITY. Tests prove
“Mylar” has an effective operating range,
-80°F. to 300°F. ... won’t brittle with age.

improved the performance of another
component in UNIVAC Systems . ..
has helped improve the performance
of UNIVAC Systems themselves.
HOW CAN ‘““MYLAR” HELP YOU?
Whether you make guided missiles
or tiny components, it will pay you to
investigate the unique advantages of
using “Mylar” film . . . or products
made with “Mylar”’. Send for a copy
of our new booklet containing de-
tailed information on properties and
applications.

Application

Name Title
Company

Address

City. State
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NEW! NEW! NEW!

FOR HIGH SPEED
MOTION PICTURE PHOTOGRAPHY

DAYLIGHT

HIGH SPEED MOTION
PICTURE MISSILE CAMERA

This 16mm Camera accepts standard daylight loading
spools in the zew 50 and 100’ magazines . . . will with-
stand extremely high “G” loads in acceleration, vibration
or shock. A full complement of lenses is now available.

100 FASTAX
COMBINED MOTION

PICTURE AND
0SCILLOGRAPHIC CAMERA

...where economy is a factor. Features 100’ daylight load-
ing spools. . . speed ranges from 150 to 8,000 pictures per
second . .. can take pictures or oscillographic recordings
simultaneously or independently . . . three cameras in one.

8mm or 16mm
MOTION PICTURE
ANALYSIS PROJECTORS

... for study and analysis of sub-
jects filmed at high speeds. Pro-
jection without flicker as slowly
as 2 frames per second. Normal
projection (16 f.p.s.), frame by
frame or still picture projection
may be shown.

FASTAX oivision
WOLLENSAK

COMPANY

OPTICAL
Rochester 21, N. Y.
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LOADING FASTAR...

i dangers are twofold: (1) the vaccine
may cause disease in the persons who
receive it, (2) the “attenuated” or harm-
less virus used in the vaccine may mutate
as it breeds in the vaccinated individual,
who may then pass it on to others in a
more virulent form. In a paper in The
Journal of the American Medical Asso-
ciation Sabin explains that virus ex-
creted by vaccinated test subjects has
i proved slightly more effective in attack-

ing monkey nerve tissues than the virus
! used in the vaccine. He believes, how-
| ever, that the altered virus would still
| be harmless to human beings.

Sabin has tested his vaccine on 243
subjects, “all without harmful effects.”
| Other investigators, including Hilary
| Koprowski of the Wistar Institute, also

have used live-virus vaccines without
mishap.

| Live Fossil Mollusk

| Al extraordinary upside-down mollusk
280 million years behind the times
has been dredged up off the coast of
Mexico. The living fossil is described in
a recent issue of Nature by Henning
Lemche, one of the Danish zoologists
analyzing the material from the sea’s
depths gathered by the Galathea expedi-
tion. Ten living specimens and three
shells of the inch-long animal, named
Neopilina galatheae, were part of a rich
haul brought up May 6, 1952, from more
than two miles under the sea.

The mollusk, which has a fragile shell
somewhat like a limpet shell, is unlike
any modern type. According to Lemche,
the shellfish probably lies on its back
and uses its weak foot and feathery ap-
pendages to obtain food from the water.

. The stomach contents of the specimens
| found indicated that tiny one-celled ra-
diolarians formed the staple of their
diet. Neopilina’s body is divided into
five segments, each with a pair of gills,
excretory organs and other internal
structures. This segmentation violates
‘ the general criterion that mollusks are
" unsegmented. Some fossil relatives of the
living form evidently had six or more
segments and may well have been the
link between arthropods and segmented
worms. Lemche conjectures that Neo-
pilina itself might represent a link be-
tween single-footed shellfish and the
many-legged mollusks such as squid.

Bentley Glass of Johns Hopkins Uni-
versity considers the antique mollusk a
more amazing find than the coelacanth,
the living-fossil fish [see “The Coela-
canth” by Jacques Millot; SciexTIFIC
AMERICAN, December, 1955]. He points
out in Science that the new-found mol-



Here’s the latest
on Lithium

METAL DISPERSIONS

Got a catalyst problem?

Interest sparked by the discovery that
lithium metal dispersions make unique
polymerization catalysts (the poly-
merization of isoprene to a ‘“‘natural’’
rubber) indicates a heretofore unex-
ploited instrument of research.

Microscope and Illuminator by American Optical Company, Instrument Division, Buffalo,

Consequently, Lithium Corporation New York. Polaroid® Land Camera by Polaroid Corporation, Cambridge, Massachusetts.,

is now making available experimental

quantities of dispersions of this highly reactive
metal. These dispersions may be purchased in
either mineral oil or a mineral oil-petrolatum
combination as the dispersing medium. Dis-
persions in other media are available as special
items. The “package’ is obtainable in five
sizes from 25 grams to 1 pound. Over 909,
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of the lithium metal particles have a diameter
less than 25 microns.

Specifications, information for preparing
the dispersions including handling instruc-
tions, prices and product data on lithium
metal may be obtained by submitting a re-
quest on company or institutional stationery.

OF AMERICA, INC.

LITRIUM CORPORATION

2685 RAND TOWER, MINNEAPOLIS 2, MINN.

PROCESSORS OF LITHIUM METAL«METAL DISPERSIONS « METAL DERIVA-
TIVES: Amide « Hydride « Nitride « SALTS: Bromide « Carbonate » Chloride o
Hydroxide » SPECIAL COMPOUNDS: Aluminate « Borate « Borosilicate « Cobaltite
« Manganite » Molybdate « Silicate » Titanate « Zirconate  Zirconium Silicate

BRANCH SALES OFFICES: New York « Pittsburgh « Chicago  MINES: Keystone,
Custer, Hill City, South Dakota.Bessemer City, North Carolinas Cat Lake,
Manitoba » Amos Area, Quebec « PLANTS: St. Louis Park, Minnesota » Bessemer
City, North Carolina« RESEARCH LABORATORY: St. Louis Park, Minn.
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NOW'A latch relay that
“withstands 100, shock,

30, vibration to 2000 cps.

ONLY 2.0 WATTS AT NOMINAL VOLTAGE FOR 12 MILLISECONDS
EFFECTS ARMATURE TRANSFER

The secret of the KG’s dramatically
high resistance to shock and vibration
is a permanent magnet which locks
the armature into position.

Tests show the contacts will open
for no more than 80 microseconds
during 100g shock.

Armature transfer from one set of
the 6PDT contacts to another can be
madeinapproximately 12milliseconds
with only 2.0 watts at nominal volt-
age.

Write or wire today for complete

technical data.
*KG Relay Patent Pending

STAR SERIES KG RELAY ENGINEERING RESUME

—
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2700

DESIGNATION: KG23DBH

GENERAL: Insulating Materials: Teflon,
glass and ceramic.
Insulation Resistance: 100 megohms
min.
Breakdown Voltage: 500 V. RMS.
Shock: 100g where contactopenings less
than 80 microseconds may be permitted.
Vibration: 30g 5to 2000 cycles.
Ambient Temperature: —65°C to
-+125°C.

Weight: 13 ozs.

Pull-in-Speed: 12 MS using 310 ohm coil
at 24 V. DC. (25°C).

Terminals: Two 11 pin multiple solder

headers with hook ends for 3.20/AWG"

wires.
Enclosures: Hermetically sealed only.
Dimensions: 1-11/32x3.700x.1-13/16
(See drawing for width, etc.)
CONTACTS: Arrangements: 6 pole double
throw.
Load: Dry circuit to 3 amps, 115 V. AC,
resistive. 5 amps, 28 V. DC, resistive.
COIL: Power: 2.0 watts at Nominal Voltage.
Duty: Either coil may be left energized
without damage to the relay.
Insulation: Teflon tape.
MOUNTINGS: Four % inch #8-32 studs on
3% x % inch centers.

P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC,
ELECTRICAL AND REFRIGERATION DISTRIBUTORS

Potter & Buumfield, ine.

PRINCETON, INDIANA Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY
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lusk represents a much older class which
was already on the road to extinction
“when the coelacanths were just begin-
ning to branch off as a special side-group
of the other lobe-finned fishes.”

Battle of Jericho

x spirited, if decorous, battle was re-
+ X cently fought in the pages of the
British journal Antiquity. It concerns the
rival claims of two archaeologists to dis-
covery of the oldest center of civiliza-
tion. Kathleen M. Kenyon, director of
the British School of Archaeology in
Jerusalem, maintains that the most
ancient town so far unearthed is at
Jericho, while Robert ]. Braidwood of
the University of Chicago holds that a
village at Jarmo in Iraq is older [see
“From Cave to Village,” by Braidwood;
Scientiric AMERICAN, October, 1952;
and “Ancient Jericho,” by Kenyon; April,
1954].

Miss Kenyon, excavating a great
mound at Jericho, found houses and
fortifications far below the walls that
Joshua’s Israelites are alleged to have
toppled with their shouts. By radiocar-
bon dating she estimated the time to
have been before 7000 B.C.

In a long letter to Antiguity, Braid-
wood defended his own previous claim
that the earliest villages arose in the
Tigris-Euphrates region around 5000
B.C. He began wryly: “People have be-
gun looking at me—as the excavator of
Jarmo—with that look which I suppose
is usually reserved for bridegrooms left
waiting at the church. My reaction, both
in terms of what I know of the compara-
tive archaeology of the Near East and
of cultural process in general is—in pure
Americanese—that it doesn’t figure!”
Braidwood questioned the radiocarbon
dates for ancient Jericho, doubted that
an oasis was a likely site for the earliest
civilization, took issue with Miss Ken-
yon’s definition of civilization and
argued that the Jericho excavation
showed only “an incipient town in a
somewhat marginal region.” He contend-
ed that agriculture and a civilized way of
life were more likely to have originated
on rainy slopes like those near Jarmo.

Miss Kenyon, in reply, remarked that
Professor Braidwood “was suffering from
jaundice when he visited Jericho,” that
his arguments about the dates were
based on misconceptions about the evi-
dence, that at the time of his visit “we
had not made our most exciting discov-
eries” and that even if the correct date
was about the same as that of Jarmo,
“an incipient town of 5000 B.C. would
still be a remarkable development.”



How to cope with an avalanche of urgent data

Tape keeps ballistic missile tests in manageable form

Four of the twenty-four Ampex FR-100 Tabe Trans-
ports at the General Electric Missile and Ordnance Systems
Department facility in Philadelphia.

Nobody intends to get buried, drowned, suf-
focated or trampled as the floodgates open on one
of the biggest of all data-acquisition programs.
For its ballistic missile development contrc.cts,
General Electric’s Missile and Ordnance Systems
Department has installed a data-processing and
computation center to match the challenge.

A PREFERENCE FOR TAPE

Of the test information received, about 90 per-
cent will be on tape. Two facts about magnetic
tape recording help keep the sheer mass of infor-
mation under control: (1) hundreds of simul-
taneous parameters are recorded on one tape with
a common time base; (2) tape gives live electrical
voltages, hence reducing, correlating, computing
and handling steps can be done automatically.
General Electric’s goal is to provide all interested
engineering groups with both analog and com-
puted data within three days of receipt of raw
tapes.

Tapes from flight test, ground test and com-
ponent developmentwill be received from sources
all over the U.S. These tapes will include quarter,
half and one-inch widths. Hence most “tape sta-
tions” in the data-reduction system will have three
Ampex FR-100 tape transports for the three
widths. They will share electronics.

NOVEL USE OF A TELEPHONE TECHNIQUE

The right data must get to each of a large
number of research and design groups. No traffic
snarls allowed — so General Electric’s engineers
have made ingenious use of taped data’s electrical
form. They use a “telephone central station.” After
the necessary conversion steps, hundreds of chan-
nels of data from magnetic tape are fed into an
automatic relay switching system. This connects
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them into 450 channels of oscillo§raphic writeout
(30 oscillographs with 15 channels apiece) . When
desired one input can go through a multiple relay
putting the same data trace on two or more of the
oscillograph records. Programming is done by a
carefully checked paper tape. The end result is
visual traces in a desired side-by-side relation.
And each oscillograph record contains the data of
interest to particular engineering groups.
Magnetic tape comes to life again in compu-
tation. The visual records are marked wherever
special computer effort is required. Another group

Ampex FR-100 Tape transports
(discriminators etc. omitted
to simplify diagram)

Thirty oscillographs
of 15 channels apiece
(amplifiers etc. omitted)
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“Telephone” relay switching system from
magnetic-tape data to oscillographic writeout.

of Ampex FR-100 Tape Reproducers plays the
tapes through a high-speed analog-to-digital con-
version system which finds and converts selected
sections to digital form at a rate of 45,000 conver-
sions per second.

If mass of data is your problem, we would be
pleased to discuss some practical answers. Or
would you like to have this informative ad series
mailed direct? For either request, write Dept. S-7

MPEX | FirsT IN MAGNETIC TAPE INSTRUMENTATION

FTORPORATION

934 CHARTER STREET - REDWoOD CITY, CALIFORNIA

District offices serving all areas of the United States and Canada; Foreign Representatives in countries around the world.
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now provides a new facility

for research, design and manufacture of parts from

SPECIAL POLYMERS FOR CRITICAL AND

C/R’s new Special Elastomer Section at Elgin, Illinois—
justrecently completed—wascreated to meet increasingly
critical specifications for molded synthetic parts in guided
missiles, jet aircraft, automobiles and industrial machines
and equipment. There is no other comparable laboratory
and production unit in the country.

The latest modern electronic equipment has been installed
to assure precise control over temperature, air pressure,
humidity and other physical factors that might affect
product purity. This plant is virtually dust-free.

Thenew plant is specialized in the production of custom
molded parts from Silicones, Kel-F Elastomers, the fluoro
rubbers and Teflon*. Resistance to fuming nitric acid,
resistance to temperatures of 600° F., or operation at
— 400° F., and low coefficients of friction are just a few of
the many special properties now available through these
special materials.

To insure rigid, quality-control production under labora-~
tory conditions, the plant was constructed around the
laboratory. The entire manufacturing process, from origi-

Ovens, mill and press in the Laboratory Section. The entire production of Sirvene
parts — from original research to final inspections—is in effect a laboratory
rocess. From the original mixing, through the molding and forming processes
and in all final tests, each step is scientifically controlled by Sirvene engineers.

The production process in miniature: The ingredients used to make up each specially formulated compound
are carefully blended in the mill (center) to achieve a maximum of homogeniety. The batchis then sheeted
out on the calendar (right) , or the compound is forced through the extruder. It's then cutinto proper lengths .
for use in the press room, where it is molded according to rigid laboratory specifications.
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Sirvene compounds based on

CLASSIFIED APPLICATIONS

*DuPont Trademark

nal research to final inspection is a laboratory process. Such
scientific control assures absolute uniformity in the dimension
and quality of a product from the first to the fifty-thousandth
part or more.

We invite you to investigate the ways in which C/R’s Special
Elastomer Section can serve you. Once the specifications and
operating conditions for your particular product are defined,
C/R engineers assume full responsibility—from design, com-
pounding of the correct elastomer, through testing and quality
control of production.

Wiite for your free copy of the
| fully illustrated booklet, ““Sirvene.”’
CHICAGO RAWHIDE MANUFACTURING COMPANY

1269 Elston Avenue « Chicago22, lllinois
Offices in 55 principal cities. See your telephone book..

SIRVENE DIVISION

CHICAGO
RAWHIDE

IN CANADA: Manufactured and Distributed by Chicago Rawhide Mfg.
Co. of Canada, Ltd., Hamilton, Ontario

EXPORT SALES: Geon International Corp., Great Neck, New York
The Elastomer Section presses. Molds made with the greatest  Final inspection. Every Sirvene part— regardless OTHER C/R PRODUCTS: { R Shaftand End Face Seals ® Sirvis-
accuracy are placed into these automatically controlled curing  of size or design —is given arigid finalinspection. Conpor mechanical leather cups, packing, boots ® G Non-metallic Gears
presses. Here, the Sirvene part is then formed and cured for ~ Each part must measure up to the high Sirvene
the pre-determined time and temperature. standards of quality and performance. = i |
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DEAD-LOAD CREEP TEST at the laboratories of the Phillips Creep is the tendency of all materials to yield and extend under

Chemical Company compares the long-term load-bearing proper- prolonged strain. It is inherent in the molecular structure of poly-
ties of polyethylenes and copolymers containing polyethylene. mers, and is corrected in part by crystallization and cross-linking.
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The Mechanical Properties of Polymers

Solid polymer materials may be glassy, leathery or rubbery.

These qualities can be explained in terms of the structure

of polymer molecules and how they are organized in solids

r I Yhe products made of giant mole-
cules—rubbers, fibers, films, foams,
glues, plastics of all kinds—display

a bewildering variety and range of phys-

ical properties. They are variously hard

or soft, stiff or supple, brittle or tough,
leathery or rubbery, glassy or crystalline,
meltable or nonmeltable. Obviously this
diversity of properties reflects a great
variety in the construction of the mole-
cules themselves and the way they are
organized in the macroscopic aggrega-
tions in which we use them. Just how are
the properties of the materials related
to their molecular structure? Can we
find any system in all this multiplicity of
aspects which the giant molecules pre-
sent to us, any principles that will explain
why a given molecular structure endows

a substance with the particular qualities

it exhibits? As Herman F. Mark points

out in his introductory article [see page

80], considerable progress has been

made in this scientific quest during the

past two decades, so that we now under-
stand the principles well enough to be-
gin to create deliberately tailor-made
molecules bearing properties we desire.

The polymers fall into two general
classes: (1) completely amorphous and

(2) partly crystalline (regular) in

structure. Let us consider the fully

amorphous group first. Amorphousness
of structure is common to all polymers
and, next to the size of their molecules,
is their most important family trait. The
molecular chains in an amorphous poly-
mer are coiled together in a disordered
tangle, like a bowl of cooked spaghetti,
except that the giant molecules are rela-
tively much longer and tend to coil and
intertwine with one another in more
erratic configurations. In their internal
disorder amorphous polymers resemble

liquids more than they do solids. As a

result, even the most solid-seeming

by Arthur V. Tobolsky

amorphous polymer acts in some ways
like a liquid. Under special circum-
stances, some polymers can even be said
to behave like gases. In sum, these ma-
terials fit none of the three classical states
of matter. The amorphous polymer rep-
resents a distinct, fourth state of matter
in itself.

\VTe employ amorphous polymers in

many different forms. They range
from rubber to artificial leather to poly-
styrene (used in children’s toys, kitchen
utensils, etc.) to polymethyl methacry-
late (airplane windows). That is to say,

the amorphous polymers comprise
glassy, leathery and rubbery materials.
However, the apparent differences

among these materials represent simply
their different states at room tempera-
ture. Any of them can become glassy,
leathery or rubbery, depending on the
temperature. Rubber will shatter like
glass if it is frozen quickly to about 160
degrees below zero Fahrenheit. The
glassy plastics turn leathery and then
rubbery upon overheating; they are even
known, alas, to “melt” down to a viscous
liquid.

An amorphous polymer goes through
the transition from the glassy to the rub-
bery state within a range of about 80
degrees on the Fahrenheit scale. Each
polymer has its own characteristic “glass
transition” temperature—at which it
changes from the glassy to the leathery
state. This depends upon the architec-
ture of the molecule and the energy
binding aggregations of the molecule to-
gether. Rubber unfreezes from the brit-
tle to the flexible state at a comparative-
ly low temperature because its molecule
is inherently limber, rotating freely
around each carbon link, and because
the molecules are only weakly held to-
gether. On the other hand a polymer

© 1957 SCIENTIFIC AMERICAN, INC

made up of inherently stiff molecules, or
molecules strongly held together at
places along the chains, will leave the
glassy state only at a relatively high tem-
perature.

A polymer in the glassy state can be
described as a “supercooled liquid” (as
can glass itself). Its long chain mole-
cules lie quiet, frozen in their random
configurations. In this condition the
molecules’ atomic groups behave much
like the atoms in a crystal lattice: each
group vibrates about a certain mean
position, embedded in the irregular ar-
rangement set up by the tangle of long
molecules. This structure is a respectable
enough solid. It has approximately the
same resistance to deformation, or modu-
lus of elasticity, that a crystal has. The
atomic groups are held together by
forces similar to those that bind the
atoms in a crystal, and it takes force to
push them apart. Glassy polymers resist
deformation with a force of about 150,-
000 to 600,000 pounds per square inch.
The resistance of the crystals of steel is
approximately 30 million pounds per
square inch.

What happens when an amorphous
polymer is warmed up and makes the
transition from the glassy toward the
rubbery state? Events are very different
from those that transpire in crystals or
even in glass when they are heated. The
atoms in a crystal oscillate around their
position with increasing agitation as the
temperature goes up until they break
the bonds holding them in the lattice
arrangement; the material then passes
abruptly from the solid to the liquid
state. Glass, with its amorphous molec-
ular structure, is really an inorganic
three-dimensional polymer. It is trans-
formed gradually over a wide tempera-
ture range from a solid to a highly
viscous liquid and flows by the rupture
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and rearrangement of its tenacious
silica bonds. On the other hand, when
an organic amorphous polymer aban-
dons the frozen state the molecular
chains are aroused to disorderly thermal
motions: the spaghetti comes alive, so to
speak. As the material is warmed, seg-
ments of the molecules begin to move—
at first short segments about half a dozen
atoms in length, then longer ones. They
move with the same sort of random
Brownian motion that diffuses atoms in a
liquid. The segments are restrained in
their wandering, however, by cross-links

X-RAY DIFFRACTION PATTERNS of four polymers are com-
pared. To make such pictures, a sample of the polymer is placed
in an X-ray beam perpendicular to the film. At top are patterns
made by amorphous polystyrene (left) and amorphous polymethyl
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and by centers of simple entanglement
between the chains.

At the low end of the transition tem-
perature range, when only the short seg-
ments are moving rapidly, the polymer
is leathery—flexible but tough and resili-
ent. It becomes less tough and more
pliable as the temperature rises. If the
material is highly polymerized (i.e., if
its molecules are very long) it will go
into a phase of rubbery behavior. Here
the entire free lengths of the molecules
between cross-links and centers of entan-
glement are in rapid motion, twisting,

writhing and rippling in every direction.

Although material in the rubbery
state is stretchable, it still retains resist-
ance to deformation. Its modulus of
elasticity, however, depends upon forces
entirely different from those in a glassy
polymer. It is in the rubbery state that
the behavior of a polymer may be lik-
ened to that of a gas. A gas resists
compression because confinement in a
smaller volume restricts the random,
diffusional motion of the gas molecules.
Similarly the stretching of rubber mole-
cules restricts their random diffusional

methacrylate (right) ; the patterns have no sharply defined bands.
At bottom left is a pattern made by unoriented crystalline polyethy-
lene; its bands are sharply defined. At bottom right is a pattern
made by oriented crystalline nylon; it has spots as well as bands.
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motions. In both cases we have reduced
the entropv. The rubber molecules resist
restriction of the randomness of their
motion much as a swinging skip-rope re-
sists reduction of the amplitude of its
swing when its swingers try to pull it
taut.

Experiments and common experience
bear out this theoretical analogy be-
tween a gas and a rubbery polymer.
When a gas is compressed, it heats up;
similarly, rubber heats up when it is
stretched, as anvone can confirm by
touching a rubber band to his lips while
stretching it. Conversely, the application
of heat to a stretched rubber band in-
creases the tension proportionately, just
as heat will increase the pressure of the
gas in a vessel.

hen it is heated at last to a suffi-

ciently high temperature, an amor-
phous polvme1 vields its shape and be-
gins to flow like a liquid with a high
viscositv. At this point entire molecules
flow past one another. But the molten
polymer is no ordinary liquid. The
viscosity of ordinary liquids is the meas-
ure of the relative ease with which indi-
vidual molecules slide past one another
in their constant diffusional motion. In
the polvmer the unit of diffusional mo-
tion is not a single complete molecule
but a segment of a long molecule. The
flow of the molecule as a whole reqjuires
the cooperation of manv segments.
Viscosity in a polvmer thus depends
heavily on chain length or the degree
of polymeuzatlon. This makes a problem
for designers. Polvmers are fabricated
in the liquid state. The most important
fabrication processes, injection molding
and extrusion, are facilitated by low
viscosity, or short chain length. On the
other hand long chains make stronger
polymers.

The tendency to liquid flow can be
entirelv suppressed if the somewhat
nebulous centers of entanglement are
replaced by chemical cross-links be-
tween the chains. This is what vulcan-
ization accomplishes in rubber. The
same effect can be achieved in rubber
and other polvmers by high-energy
ionizing radiation, which knocks out
hydrogens and cross-links the chains in
direct carbon-carbon bonds. The result-
ing three-dimensional network will not
flow unless the chemical bonds are ac-
tually ruptured. In a rubber band, where
extensibility is desired, approximately
one cross-link is established for every
two hundred atoms along the chain. A
very high degree of cross-linking pro-
duces a structure that makes no transi-
tion from the glassv state and remains

. MAY SOLVE A PROBLEM FOR YOU!

#1 Safety Factor for Jet Engines...the ONLY .'
Tester for EXACT HEAT and R.P.M. Measurement

The HEATER PROBE simulates operating temperatures on
the engine’s thermocouples. An embedded thermocouple in
the Heater Probe accurately reads temperature on the . . .

“TA’POT" slide wire POTENTIOMETER with infinite

resolution, a field instrument of laboratory accuracy. The

manually operated, direct reading Ta’Pot’s versatility and
unique features open an entirely new field for the electronic
designer, engineer and instrument manufacturer.

The Light-Beam GALVANOMETER, extremely sensitive
(shock resistant to 25 G's), is coupled with the TA’POT for

highest accuracy reading.

The JETCAL
Tests EGT System
Accuracy to =4°C

at Test Temperature

(FUNCTIONALLY, WITHOUT
RUNNING THE ENGINE)

Tests RPM Accuracy
to 10RPM in
10,000 RPM
(+0.1%)

ANALYZES JET ENGINES 10 WAYS:

1) The JETCAL Analyzer functionally tests
EGT thermocouple circuit of a jet aircraft or
pilotless aircraft missile for error without
running the engine or disconnecting any wir-
ing. GUARANTEED ACCURACY is *=4°C. at en-
gine test temperature.

2) Checks individual thermocouples “on the
bench” before placement in parallel harness.
3) Checks thermocouples within the harness
for continuity.

4) Checks thermocouples and paralleling
harness for accuracy.

5) Checks resistance of the Exhaust Gas
Temperature system.

6) Checks insulation of the EGT circuit for
shorts to ground and for shorts between leads.
7) Checks EGT Indicators (in or out of the
aircraft).

8) Checks EGT system with engine removed

Write, wire or phone
for complete information.

from aircraft (in production line or overhaul
shop)

9) Reads jet engine speed while the engine is
running with a guaranteed accuracy of =0.1%
in the range of 0-110% RPM. Additionally,
the TAKCAL circuit can be used to trouble
shoot and isolate errors in the aircraft tachom-
eter system.

10) JETCAL Analyzer enables engine adjust-
ment to proper relationship between engine
temperature and engine RPM for maximum
thrust and efficiency during engine run (Tab-
bing or Micing).

ALSO functionally checks aircraft Over-
Heat Detectors and Wing Anti-Ice Systems
(thermal switch and continuous wire) by
using TEMPCAL Probes.. Rapid heat rise . . .
3 minutes to 800°F! Fast cycling time of
thermal switches . . . 4 to 5 complete cycles
per minute for bench checking in production.

B & H INSTRUMENT Co., INC.

3479 West Vickery Blvd., Fort Worth 7, Texas

Sales-Engineering Offices:

VALLEY STREAM, L. 1., N. ¥.: 108 So. Franklin ® 1Ocyst 1-9220
DAYTON, OHIO: 209 Commercial Building ® Michigon 4363

COMPTON, CALIFORNIA: 105 N. Bradfield Street ® NE 8-8970
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rigid and hard at all temperatures below
that of actual chemical decomposition.
This is the structure of the so-called
thermosetting plastics, like Bakelite,
which resemble glass in the complete-
ness of their three-dimensional polymer-
ization.

Polymers are not the only substances

with dual personalities, behaving at
once as solids and as liquids. No sub-
stance ever fulfills completely the theo-
retical specifications of either of these
two states of matter. To qualify as an
ideal solid with perfect elasticity, a sub-
stance would have to maintain its resist-
ance indefinitely when subjected to a

given stress. Even the strongest steels
ultimately yield to stress and betray the
fluid property of elongation called creep.
All substances show a combination of
elastic and fluid behavior that is termed
viscoelasticity. Creep in crystalline sub-
stances takes place, however, along crys-
tal interfaces and fault planes. In a

AMORPHOUS POLYMER is characterized by random arrange-
ment and behavior of its molecules. In the glassy state (top left)
the molecules are “frozen”; the atomic groups (small circles) oscil-
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late like atoms in a crystal. In the leathery state (top right) short
segments of the molecules go into random motion, like atoms in
a liquid. Entire segments of molecules between centers of entangle-



polymer creep is inherent in the very
organization and behavior of its con-
stituent molecules. This is one of the
basic problems that must be taken into
account in the design of polymers, espe-
cially for uses in which dimensional sta-
bility is a critical specification. Creep
afflicts even highly cross-linked poly-

ment are in motion in the rubbery state
(bottom left). In liquid-flow state (bottom
right) molecules slide past one another.

We've grown by shrinking

Years ago, when a deft craftsman engraved the
Lord’s Prayer on the head of a pin, the man was
acclaimed a genius.

Today, we specialize in micro-miniaturization.
We shrink electronic components and instruments
to miniscule proportions, yet manage to improve
operating characteristics . . . thermistors, for
example, made so small that they must be
assembled under microscopes; accelerometers
reduced to the size of postage stamps.

Why?

Because thousands of uses for tiny, precision
devices abound through industry. Because as
components and instruments shrink, applications
grow . . .

And, we grow too — by shrinking.

Is miniaturization one of your problems?

Put it up to us. We haven’t missed yet.

GLENNITE® A321T ACCELEROMETER — ACTUAL SIZE

SEE US AT BOOTH 1121-23, 1.S.A. SHOW

ulton Industries, Inc. G)

METUCHEN, N. J. GULTON INDUSTRIES INC

PLANTS: NEW JERSEY, CALIFORNIA, NEW MEXICO, NEW YORK, ONTARIO

ENGINEERED MAGNETICS DIVISION NUCLEAR INSTRUMENTATION DIVISION. THERMISTOR
DIVISION. VIBRO.CERAMICS DIVISION. CG ELECTRONICS CORPORATION. GLENCO COR-
PORATION, GREIBACH INSTRUMENTS CORPORATION. TITANIA ELECTRIC CORPORATION
OF CANADA. LTD , GANANOQUE, ONTARIO
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mers, due to the instability of the chem-
ical bonds. In our laboratory at Prince-
ton University we have used the visco-
elastic behavior of rubbers at high tem-
peratures as a means to investigate the
internal chemistry of polymer networks.
Relaxation of stress in the material when
it is held at constant length provides an-

other sensitive indicator of bond rupture,
bond interchange and the formation of
new chemical bonds. A number of sig-
nificant discoveries have been made by
use of this simple technique.

Now let us look at the other class of
polymers referred to at the beginning of
this article—the partly crystalline. The

crystals in these polymers are regions
where short sections of adjoining chains
happen to be lined up parallel to one
another and form a regular three-dimen-
sional lattice. The tiny crystallites, not
much longer than a millionth of a centi-
meter, are detectable by X-ray diffrac-
tion, and sometimes groups of them are
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CRYSTALLINE POLYMERS have tiny regions of crystal structure
in which segments of molecules happen to fall together in a regular
pattern. Atomic groups form strong bonds with one another. Some
portions of each molecule are entangled with others in the amor-
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phous regions between these crystallites; most of the molecules
are involved in more than one crystallite. In the oriented crystal
structure (bottom) the crystallites are lined up in the same direc-
tion. Their alignment concentrates their strength in that direction.



EPO LENE,Eastman's versatile synthetic wax

offers hardness, toughness, high gloss and color stability

Epolene

ASTMAN POLYETHYLENE WAXES

Epolene is a low-viscosity, low-molecular weight polyethylene wax. Available
in emulsifiable and non-emulsifiable grades, it offers properties useful to many
different industries.

In polishes, for example, Epolene produces a high gloss, anti-slip finish that re-
sists water spotting, scuffing and vellowing. Furniture, floor, automobile and
shoe polishes, as well as industrial waxes all are being given improved gloss and
longer life with Epolene.

In the paper industry, converters look to Epolene-fortified paraffin for su-
perior performance. Adding toughness and durability to paraffin, Epolene
effectively increases resistance to cracking, abrasion and rough handling.

From candles to crayons, from carbon paper to condensers, vou get better
product performance when you use Epolene-fortified wax.

Epolene is easy to use, too. It comes in the form of tiny pellets that melt down
quickly for blending with other materials. With paraffin it can be blended at
temperatures as low as 180°F. It is consistently uniform—viscosity is held within
narrow limits, shipment after shipment. By standardizing on Epolene, vou can
confidently standardize your blending formulas and prccedures.

If yvou use wax in yvour product, investigate the possible advantages of using
Epolene. Thanks to Epolene’s synthetic origin yvou are assured of a steady sup-
ply at a stable price. Send for samples and a booklet describing its properties
and uses. WTrite EASTMAN CHEMICAL PRODUCTS, INC., subsidiary of Eastman Kodak
Company, Dept. CRL, KINGSPORT, TENNESSEE.

SALES OFFICES: Eastman Chemical Products, Inc., Kingsport, Tennessee; New York City;
Framingham, Mass.; Cincinnati; Cleveland; Chicago; St. Louis; Houston.
West Coast: Wilson Meyer Co., San Francisco; Los Angeles; Portland; Salt Lake City; Seattle.
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visible to the naked eye in polarized
light [see photograph on page 133].
Some portions of every molecule in every
crystal are tangled with segments of
other molecules in the spaces between
the crystals. These amorphous regions in
the polymer serve as a kind of mortar to
hold the crystals together.

We do not understand the behavior
of crystalline polymers nearly so well as
that of completely amorphous polymers,
but certain principles are clear. A crys-
talline polymer has a glassy state which
it abandons at a certain temperature.
This change in its characteristics signi-
fies the freeing of the molecular seg-
ments involved in amorphous parts of
its structure. Unlike amorphous poly-
mers, however, it does not become

leatherv or rubberv. It loses its brittle-
ness but not its rigiditv. The crystallites
act like cross-links and suppress the tend-
ency to creep in the same way. The
rigidity of these polymers depends upon
what percentage of their weight is crys-
talline. For example, polyethylene that
is 80 per cent crystalline is considerably
more rigid than a 50 per cent crystalline
variety. (The more crystalline type is a
new version of polyethylene made by
the low-pressure method—see article on
page 139.) For impact strength, how-
ever, some percentage of amorphous
structure is desirable. The amorphous
regions provide flexibility to absorb the
shock of impact, while the crystallites
provide strength.

Crystallites are most likely to occur in
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polymers whose chain molecules have a
comparatively simple and symmetrical
structure. The crystallinity of some poly-
mers can be controlled by the method
of polymerization. Thus polystyrene,
normally amorphous because it has
bulky phenyl side groups attached at
random, can be produced in a highly
crystalline form by means of catalysts
which place all of the side groups at
regular intervals on one side of the
chain. Contrariwise, a crystalline poly-
mer can be made less rigid by introduc-
ing a liquid which acts as a “plasticizer.”
For example, unplasticized polyvinyl
chloride makes stiff piping; plasticized,
it makes a flexible garden hose (except
in cold weather!).

The crystalline polymers maintain

90 120 150

GLASSY TO RUBBERY TRANSITIONS of four polymers are
compared. The curves are for the amorphous polymers rubber
(gray),polyvinyl acetate (broken black line) and polystyrene (solid
black line), and for crystalline polyethylene (color). At the top of
their curves the polymers have the elastic modulus of the glassy
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state. In the sloping portions of their curves, the amorphous poly-
mers go through a leathery phase, then enter a rubbery phase and
terminate in decomposition (rubber) or liquid flow (polyvinyl ace-
tate and polystyrene). Polyethylene softens gradually to the point
at which its crystallites melt and the polymer goes into liquid flow.

© 1957 SCIENTIFIC AMERICAN, INC



ok

e

r.n
ey

; *?%-f"*‘#‘ "*—E“ﬁ"‘*

?

**Plated wiring’’ for all types of circuits—from radios and TV to auto dashboard panels—is deposited on rows of boards like
these in an automatic electroplating tank. Anaconda phosphorized-copper anodes, 42 inches long, hang from the busses.

Copper plating replaces wiring in the new small radios

One of G.E.'s smallest all-transistor pocket
radios and the midget circuit board with its
“‘plated wiring.”’

THE PROBLEM: From pocket radios
to intercontinental missile controls, the
trend is toward miniaturization. And one
big space-saving help has been the sub-
stitution of wafer-thin “printed” circuits
for the familiar maze of wiring.

To make these printed circuits by the
million, General Electric developed a
new automatic system for electroplat-
ing the “wiring” on circuit boards. The
advantages: Copper can be plated si-
multaneously on both sides of the board

and inside the holes. This provides
ready-made plug-in connections for parts
and, where desired, continuity between
circuits.

G.E. prints the wiring diagrams in
microscopically thin silver on circuit
boards. These pass, thousands at a time,
through a 75-foot-long automatic acid-
copper plating tank. The copper “wir-
ing” builds up on the silver.

This system calls for copper anodes
with superior “throwing power”—even
to plate copper inside the holes—and for
the least possible interruption for clean-
ing the tank and correcting the solution.

THE ANSWER: Anaconda’s “Plus-4’
(Phosphorized Copper) Anodes meet all
requirements. The small but precisely

controlled amount of phosphorus prac-
tically eliminates sludge and copper
build-up in solution; helps give the dense,
smooth, uniform copper deposit needed.

THE FUTURE: In electrotyping, electro-
plating, and the rapidly growing business
of electroforming, Anaconda “Plus-4”
Anodes are helping industry save money,
improve products. They illustrate how
Anaconda and its manufacturing com-
panies—The American Brass Company
and Anaconda Wire & Cable Company—
constantly seek better ways of doing
things with nonferrous metals and prod-
ucts. For assistance in your special prob-
lem, see the Man from Anaconda. The
Anaconda Company, 25 Broadway, New
YOI‘k 4, N. Y. 57257

ANACONDA

THE AMERICAN BRASS COMPANY—ANACONDA WIRE & CABLE COMPANY
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Phillips New Rigid POLYETHYLENE

IMAGINATION HEADQUARTERS

This recently completed laboratory is located at Phillips
Research Center, Bartlesville, Oklahoma. Standard produc-
tion-line machines are backed by a full range of evaluation
and research laboratories. Here, scientists and engineers

work full time on new product ideas and to develop process- MARLEX 50 for film—Outstanding pro-
ing techniques for the hundreds of companies that will tection because of low permeability and
convert Marlex 50 into plastic articles. This comprehensive high abrasion resistance. Food can be
service is available to all plastics processors interested in cooked . . . medical supplies can be
Marlex 50 polyethylene. Get in touch with your District sterilized in sealed Marlex packages.
Sales Office listed below. Marlex is odorless. It safeguards flavors

and fragrances.

PLASTICS SALES DIVISION, PHILLIPS CHEMICAL COMPANY
A Subsidiary of Phillips Petroleum Company, Bartlesville, Oklahoma
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MARLEX 50 is the new kind of plastic that is
tougher, stronger and more rigid than any com-
mercial polyethylene yetavailable. Many newand
better products can be marketed because of the
unique properties of MARLEX 50. Its greater
resistance to temperature extremes and chemical
attack, lower permeability to liquids and gases,
greader rigidity and other unusual properties of-
fer a whole new field of profitable applications
for plastics processors everywhere.

|-
rd ‘\

SO

Now Available in Commercial Quantities

Manufacturing economies are yours through the
greater strength, toughness and rigidity of
MARLEX 50 and its ability to set up at higher
temperatures. You can get up to 40% more items
per pound of resin. You may get up to 25%
fastercycletime, too. Here’s a new kind of plastic
to help you produce better products more profit-
ably. MARLEX can decrease your costs by re-
placing more expensive materials. Call your
MARLEX sales representative today.

*MARLEX is a trademark for Phillips family of olefin polymers.

MARLEX 50 for injection molding—Rich
colors, glossy surfaces, fine details!
Marlex 50 moldings withstand up to
250°F without losing shape . . . endure
temperatures far below zero without
losing toughness and pliability. Ideal for
accurate vacuum moldings.

MARLEX 50 for fabrics—Easily proc-
essed into fabrics and rope with high
tenacity and low elongation. Excep-
tional oil and chemical resistance. With-
stands boiling soapy water, dry clean-
ing solvents, and prolonged exposure
to sun and weather.

MARLEX 50 for blow molding—Rigid,
tough, pure! Conforms intimately to
mold surfaces. Remarkable resistance to
chemicals and heat. Can be sterilized
repeatedly. Excellent for bottling foods,
drugs, chemicals, oils. Use Marlex 50 for
caps and closures, too.

DISTRICT S NEW ENGLAND NEW YORK AKRON CHICAGO WESTERN SOUTHERN & FOREIGN
322 Waterman Avenue, 80Broadway, Suite 4300 318 Wafer Street, 111 S. York Street, 330 Security Bldg., Adams Building,

OFFICES East Providence 14, R. 1. New York 5, N. Y. Akron 8, Ohio Elmhurst, ll. Pasadena, Calif. Bartlesville, Oklahoma
GEneva 4-7600 Digby 4-3480 FRanklin 6-4126 TErrace 4-6600 RYan 1-6997 Bartlesville 6600
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The general configuration of the coal molecule, if such a thing really exists, is believed to be of the type shown above. The
black balls represent carbon atoms; the light blue, oxygen; the orange, hydrogen; the dark blue, nitrogen; the yellow, sulfur.

Meet the molecular mother
of 200,000 useful products

ROM THIS COMPLEX of carbon,
Foxygen, hydrogen, nitrogen, and
sulfur—which we call coal—come
many of the basic chemicals used to
make the new giant molecules. Plas-
tics, synthetic rubber, synthetic
fibers, resins, and a host of other im-
portant products—more than 200,000
in all—start with coal.

Over 200,000 products made from
coal! Yet only a fraction of the 1900
chemicals obtainable from coal are
now being used commercially! That

UNITETD

is why United States Steel and other
producers of coal chemicals are in-
tensively studying coal, its structure,
and its future potential as a source of
basic chemicals.

Why, you may ask, are we so in-
terested in chemicals when our prin-
cipal business is steel? The reason is
that in producing coke for our steel-
making operations, we also produce
chemicals. Thus we are always inter-
ested in anything that will help to
advance the technology of these re-

lated products, improve their qual-
ity, and in general reduce the over-
all cost of manufacture and provide
better products and better service
for our customers.

That is why we are so interested in
giant molecules—especially the giant
coal molecule. United States Steel,
525 William Penn Place, Pittsburgh
30, Pennsylvania.

STATES
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their rigidity over a temperature span
of perhaps 200 degrees F. above the
glass transition point. The percentage of
crystallinity tends to decline as the tem-
perature rises. Then, at a certain critical
temperature, all of the crystallites melt
and the polymer goes rather abruptly
into liquid flow. In general, crystalline
polymers have higher temperatures of

liquid flow than amorphous polymers.
Thus the melting point of a new crvstal-
line polystyrene made with the aid of
catalysts [see article on page 98] is con-
siderably higher than that of the familiar
amorphous polystyrene. The tempera-
ture interval between the glassy and
liquid-flow states is considerably wider
in the more crystalline variety, for both

\g s f D ¥,

CRYSTAL STRUCTURE of an experimental polymer made at the General Electric Re-
search Laboratory creates this pattern in polarized light. Each center in the pattern repre-

sents a cluster of crystallites. Amorphous structure occurs within centers and between them. |
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ot AMPL

“MOVES A MOUNTAIN OF METAL
IN BOMBER FLIGHT CONTROL”

Small, yes, but built to exact-
ing specifications for dependable
performance under tough oper-
ating conditions. This is precision
manufacturing at its finest by
one of the world’s leaders in
pioneering and developing elec-
tronics. DuKane can produce
amplifiers in any size, quantity
and capacity to meet your re-
quirements. Send the coupon
today for the interesting facts!

BY CONTRAST ARE THE DUKANE
AMPLIFYING SYSTEMS
WEIGHING WELL OVER A TON!

DuKane's dependable commercial elec-
tronic products are serving industry,
schools, hospitals and offices across the
nation! Details upon request!

e s

Flexifone and School
Nurses' Call Sound Systems

Q 0@
Micromatic Sound Private Telephone
Filmstrip Projector Systems

| For Facts on DuKane

| amplifiers for defense, write

| DuKane Corporation, Dept. H-7
| St. Charles, lllinois

|
|
|
| NAME S|
|
|
|
|

| ApDRESS _
|CITY_ _STATE
| Firm
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Can you identify these alchemy symbols ?

METALS
FOR THE
ATOMIC AGE

The Atomic Age is an age of metals—old metals that find new uses in
new surroundings—rare and little-known metals.

Old or new, rare in occurrence or use, these metals may be light, heavy,
hard or soft. Their use as fuels, or in the structure or controls of nuclear
reactors will vastly increase the use of all our metal resources.

Vitro is at the heart of metals development for the Atomic Age, both in
new processes and uses for old metals, and the mining and refining of new,
rare metals. Through its divisions and associated companies, Vitro mines and
refines fissile uranium and fertile thorium. Through its research and develop-
ment activities, Vitro is attacking the production of old, known metals like
manganese and boron by new and unconventional processes. New metals like
columbium and tantalum are being recovered and rare earth metals like
europium, gadolinium, yttrium and samarium are being mined and recovered.

In these activities, Vitro geologists work as a team with Vitro scientists
and engineers to seek new deposits of these metals—and to find new means
to coax them from obscurity into profitable use in the Atomic Age.

fro

& Research, development, weapons systems

CORPORATION of AMERICA
261 Madison Ave., New York 16, N.Y.
\Q Thorium, rare earths, and heavy minerals
$ Nuclear and process engineering, design & Recovery of rare metals and fine chemicals
% Aircraft components and ordnance systems
Ceramic colors, pigments, and chemicals

5. Silver

A Refinery engineering, design, construction
42 Uranium mining, milling, and processing

1. Gold 2. Lead 3. Tin 4. Copper 6. Iron
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polystyrenes have the same glass transi-
tion temperature—namely, about 195
degrees F.

In crystalline polvmers the molecules
may be unoriented (disposed in random
directions) or highly oriented, as in a
fiber. Nature produces oriented poly-
mers in the form of cotton, wool and silk
fibers. The orientation gives these sub-
stances great tensile strength. The same
kind of structure gives svnthetic fibers
their even greater strength, comparable
to that of steel. Machines spin these
fibers by extruding the polvmers as
threads and stretching the threads in
one direction to orient the molecules. A
crystalline polymer can also be oriented
in two directions to form a strong film.
For example, a polyester polymer (poly-
ethylene terephthalate) can be spun
into Dacron fibers or rolled into Mylar
sheets.

Natural rubber, ordinarily amorphous
at room temperature, becomes oriented
and crystalline when stretched. This ac-
counts for its great tensile strength. Most
synthetic rubbers, on the other hand,
lack this property and need fillers, such
as fine particles of carbon black, as rein-
forcement.

’Po sum up, we have learned a number

of useful things about the relation
between the mechanical properties of
polymers and their molecular architec-
ture. We understand fairly well why
amorphous polymers are glassy, leathery
or rubbery, and how to modify their
properties by introducing cross-links or
by other stratagems. We know that we
can make a polymer which is rigid yet
tough by giving it a partly crystalline
structure. We know what kinds of giant
molecules are likely to form crystalline
and amorphous structures, respectively.
We have some understanding of how the

| ultimate strengths of polymeric mate-

rials—their tensile strength, resistance to
frictional wear, resistance to compres-
sion—are affected by molecular proper-
ties, such as the size of the molecules
and their orientation. I think it is fair
to say also that we now understand the
viscoelastic behavior of polvmers much
more clearly than that of metals.

However, there are still many things
about the strengths and other proper-
ties of polymers that we do not under-
stand, and they pose a number of chal-
lenging problems for investigators.
Among these unsolved problems are
the marvelous properties of living tis-
sues. What we learn from synthetic
polymers will certainly shed light on the
behavior of the giant molecules of living
matter.
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HOW MANY HEART-BEATS
on tap for this Newcomer?

What will the life span be for this young fellow—will Tiis appy or hard,
long or short' How many times, actually, will this new hear

Answers to questions like that aren’t just guesses any more . . . they ; e computed,
far in advance, with an amazing degree of accuracy.

Those marvelous electronic mechanisms called computers have opened af@iew volume
of information about our world, our life, and ourselves in general
And new chapters keep registering on the computer consoles.

The terrific speed with which comple prrtationis whip through the computers
continues to challenge the comprehension. And the basic prific he computers—
of working with electrical charges that are exactly proportional to the involved
—continues to require a power supply that is uniform, unvarying, and depe
This demand is increased by the move to miniaturize the co
to a less cumbersome size by using smaller components all the way
to produce the same, or better, results.

get it down

Computer designers had a problem . .. until they called in Sorensen.

the authority on controlled power for research and industry, the

maker of precision electronic voltage regulalors, - Whea—Serensemer S

collaborated with the computer design people, Nncw—s iogs to the power problem
were found. Sorensen ‘‘resonant regulators”, in special circuitry for co 3

are now providing surge-free power for leading makes of comp

If you have problems of devising a “smooth” power source, AC or DC, fo
apparatus or major installations, consult Sorensen, the power specialisTs.

SORENSEN & COMPANY, INC. Richards Avenue, South Norwalk, Connecticut s
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WITCO

CHEMICALS
AT WORK

REINFORCING RUBBER

Natural and synthetic rubbers are
reinforced to super-toughness to
take grueling punishment. Both
types of elastomers rely heavily on
‘WiTc0o-CONTINENTAL Carbon Blacks
to greatly improve resistance to tear
and abrasion.

BEHIND THE GLEAM

High-quality chrome plating —such
as the finish of this toaster—depends
upon thorough degreasing of the
base metal. Emulsol’s EMCOL emul-
sion-degreasing detergents econom-
ically remove all oil and grease to
leave a spotless surface for plating
or spraying. For details on degreas-
ing with EMCOLS, write for Bulletin
No. 38. Emulsol Chemical Division.

Among the products manufactured by Witco and its divisions are:

Carbon Blacks
Emulsifiers
Vinyl Stabilizers
Metallic Soaps
Mastics Rubber Chemicals

Surface Active Agents
Paint Driers

Polyester Resins
Detergents

© 1957 SCIENTIFIC AMERICAN, INC

CLEANER WASH

Even synthetic fibers need washing.
ULTRA’s low suds NEOPONE LO Beads
are ideal in automatic washers for
synthetic as well as natural fabrics.
ULTRA’s complete line of detergent
beads, flakes, powders and liquids
are available in bulk, or in private-
label packages, for the whole range
of home or industrial cleaning prob-
lems. Ultra Chemical Division.



From Giant Molecules...

Products that look better...wear better
Because of Witco Chemicals

SLIPPERY STEARATES

As lubricants for plastics, WITCO
Metallic Stearates improve perform-
ance in injection molding and
extrusion operations to insure fine-
finish plastics such as this radio
case. More effective greases,
smoother cosmetics, flatter paints
and water-repellent finishes are
other Witco Stearate applications.

PLASTIC PADDING

Fine-celled foams are essential to
the quality of urethane products
such as this safety padding for
dashboards. Formulated by Witco
specifically for urethane applica-
tions, FOMREZ* 50 Polyester Resin
produces foams of excellent appear-
ance and performance. A highly
effective coupler for all urethane
resin foams is Witco 77-86.

*Trade-mark applied for

Easing processing problems and improving
product quality for the rubber, plastics,
paint and other industries have been prime

objectives of Witco for the past 37 years.

Witco manufactures quality industrial
chemicals in bulk quantities. Seven research
and technical laboratories create new,

more useful products—and develop more
efficient application techniques for

older ones. Fourteen Witco plants, here

and abroad, insure that the product

needs of rapidly growing industries in the
chemical and related fields will be met.

Shown here are but a few of the ways in
which Witco chemicals serve industry.
Witco’s many years of experience

may similarly benefit your process or
product. An inquiry will bring you
information on Witco products designed

to serve your manufacturing needs.

37 Years of Growth

WITCO CHEMICAL COMPANY

122 EAST42ND STREET,NEW YORK 17, N.Y,

Chicago » Akron « Boston » Atlanta « Houston » Los Angeles « San Francisco « London and Manchester, England ¢ Toronto, Ontario
14 Manufacturing Plants—7 Research and Service Laboratories
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Robert M. Parke, M.S., University
of Michigan (1933), joined the
General Electric Research Labo-
ratory in 1952, and now serves as
manager of the Materials Appli-
cation and Evaluation Section.
He is a widely known authority
on refractory metals, transfor-
mations in steel, and metal proc-
essing, and he has served as a
civilian advisor to the Army,
Navy, and Office of Scientific
Research and Development.

“Difficult’’ metals aid defense

New processing techniques developed by General Electric’s
Robert M. Parke make casting of refractory metals easier

The word refractory implies “difficult.” The refrac-
tory metals — such as tungsten and molybdenum —
are very difficult to melt and cast, but their high melt-
ing points go hand in hand with their outstanding
high-temperature strength. Thus these metals, pre-
viously used mostly as wire and thin sheet for elec-
trical and electronic devices, now are needed in large
pieces for modern defense equipment such as jet
engines and missiles.

Robert M. Parke has helped solve many of the
problems associated with casting ingots of “difficult”
metals weighing several hundred pounds. He and his
associates at the General Electric Research Labora-
tory have developed new techniques for “growing”
electrodes of refractory metals, permitting continu-

ous melting and casting in special arc furnaces. The
ingots produced by these processes are extremely
pure as well as large. This means improved materials
not only for defense, but for products used in the
home and industry.

At General Electric, such research is motivated by
a belief that providing scientists with the tools, the
incentives, and the freedom to seek out new knowledge
is the first step toward progress for everyone.

Progress Is Our Most [mportant Product

GENERAL @ ELECTRIC
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POLYETHYLENE

The simplest polymer bids fair to become the commonest. Until

recently it could be synthesized only at verv high pressures.

Now with the aid of catalvsts it can be made at low pressure

n the earlv 1930s a group of chem-
I ists in the laboratories of Imperial
Chemical Industries in England
commenced some dangerous experi-
ments. Thev were studying chemical re-
actions at high pressures, and they un-
dertook to try to make a giant molecule
with ethylene. Ethvlene, a gas obtained
from the cracking of petroleum, is a
comparatively inert substance, difficult
to polvmerize. To activate its molecules
and compress the gas to a density suffi-
cient to create a good chance of the
molecules’ forming long chains, the Eng-
lish chemists used high temperatures and
pressures of more than 1,000 atmos-
pheres. This exotic setup invited explo-
sions, and in fact their apparatus did
blow up occasionally. But their hazard-
ous work did not go without reward.
They succeeded in combining the mole-
cules of gaseous ethvlene into a high
polvmer which took the form of a solid.
Ethvlene had been polvmerized be-

H H
|
1. c:cl:
|
H H
H O H H
3 _
|
H H H

POLYETHYLENE CHAIN (2) consists simply of carbon atoms to
which hydrogen atoms are attached. Its monomer is ethylene (1), a

I —0——2I

by Gerald Oster

fore this to smaller chain molecules,
forming oils and greases. But the new
solid polyethylene was an entirelv differ-
ent order of substance, gifted with some
verv attractive PlOPeltleS It was a
tough pliable material with a waxv feel.
It shed water like a duck’s bac]\ was
impervious to chemicals and fungi and
made an excellent electrical insulator.
Polyethylene was soon put to use as in-
sulation for submarine cables, and also
as an insulator in radar equipment, then
just being developed. Probably radar
would not have played so large a role
in World War II if this superbly effi-
cient insulating material had not been
available.

,_X really important new discovery is
+ % not like a new toy, whose attractions
are quickly explored and quickly ex-
hausted. Major innovations in science
and technology usually win appreciation
gradually: it takes time to realize the
full range of their possibilities. Poly-
ethylene has developed more rapidly
than most. In less than two decades it
has become a prominent item of com-
merce and a ubiquitous household arti-
cle all over the world. Babyv bottles and
unbreakable toys, water pipes and elec-
trical insulation, potato bags and squeeze
bottles, chemical-storage drums and ice

N S
S
i b
b
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cube travs, gun covers and farm crop
covers—these and hundreds of other
items are now being made of polvethvl-
ene. It can be prepared in a number of
versions, from thin, transparent films to
tairly stiff piping, and it can easily be
abncated into any form desired. And
polyethylene is compamtwelv inexpen-
sive: ethylene is by far the cheapest of
all the monomers used to make polv-
mers. (At the moment the price of poly-
ethylene per pound is about the same
as that of copper.) Polyethylene is now
being manufactured on a large scale in
the U. S., England, Germany, Italy, the
U.S.S.R. and other countries. In the
U. S., where substantial production of
polyethylene began only three years ago,
it is rapidly becoming the biggest plastic
product. By 1960 production is expected
to reach one billion pounds—polvethvl-
ene will be the first synthetic plastic to
attain that level.

Scientifically also polyethylene is one
of the most interesting of all the giant
molecules. Because it is made of a verv
simple building block—almost the sim-
plest possible hydrocarbon unit—chem-
ists have been able to correlate poly-
ethylene’s properties with its molecular
structure verv satlsfactonlv more satis-
factorily than for any other polvmer. In
fact, ethvlene and its polymers serve as
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gas. The polymer chain shown here is linear; the polyethylene
chain is often branched and may also be cross-linked to other chains.
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BRANCHING MAY OCCUR by this process. A growing polymer chain with an unsatisfied
valence (dot) may remove a hydrogen atom from another chain (1 and 2). This leaves an
unsatisfied valence on the first chain to which monomers may attach in a new chain (3).
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elementary models for experiments and
deductions that lead to understanding
of their more complicated cousins, as has
been pointed out in the preceding arti-
cles in this issue.

P‘ thylene is a symmetrical little mole-

— cule consisting of two carbon atoms,
each guarded by a pair of hydrogen
atoms [see diagram on the preceding
page]. This “saturated” system is highly
invulnerable to chemical attack, but heat
can compel the ethylene molecules to
link together. It is believed that at high
temperatures ethylene reacts with oxy-
gen to form a peroxide, which then de-
composes into a free radical. The reac-
tive free radical attacks an ethylene
molecule, generates a new free radical
at its end and so starts a chain reaction
by which one monomer after another is
added at the active end of the growing
molecule [see article on page 98]. Since
ethylene is a gas that does not liquefy at
high temperatures, the gas must be
squeezed under high pressure in order
to crowd the molecules close enough
together so that they will grow to high
polymers within a reasonable time. They
can build up to chains of enormous
length, but sooner or later the free-radi-
cal end of a growing chain encounters
the active end of another, and when
these ends unite the growth stops.

Polyethylene culminates a family of
chain molecules long known to petro-
leum chemists as the paraffins. The fam-
ily starts with gases (methane, ethane,
etc.), and as the molecules get bigger
and bigger, the substances become lig-
uids (e.g., gasoline) and then solids.
The solid paraffins were known in the
past only as soft waxes, but with the
synthesis of polyethylene we have the
first really solid child of this family—i.e.,
the first which is coherent enough to
form solid objects. It retains the family
characteristics. In particular, it is not
wetted by water and is practically im-
permeable to moisture. This makes it at-
tractive as a material for water pipes:
not only is it light and non-corrosive, but
it allows water to flow much more easily
than a metal does, because, being non-
wettable, it causes little or no frictional
resistance to the flow.

]\fotwithstanding its many attractions,

polyethylene has suffered from two
important drawbacks. First, production
of the polymer by the high-pressure
process remains uncomfortably precari-
ous. Pressures as high as 7,000 atmos-
pheres are used. The reactor in which
polyethylene is cooked is sometimes
called a cannon, and with good reason:
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Solar Advanced Technology

Gas turbine ground support
unit starts giant jets in seconds

ADVANCED JET BOMBERS, like this Convair
B-58 Hustler, require a powerful source of
compressed air to start their high-thrust
engines. Solar advanced technology has
helped solve this aviation problem with
mobile, portable gas turbine units that
supply large volumes of compressed air
as well as shaft power for electric and
hydraulic adaptations.

The new unit, powered by a Solar 500 hp
Jupiter® engine, offers many advantages
over conventional ground support units. It

is portable and lightweight, easy to main-

tain, starts instantly under severe temper-
ature extremes and can be operated on a
variety of fuels—including gasoline,
kerosene, diesel fuel, jet fuels and others.

In addition to aircraft ground sup-
port, Solar gas turbines can be used for
emergency and auxiliary power genera-
tion, pumping and mechanical drive, boat
propulsion and many other applications
requiring a compact, efficient source of
power. For more information write to
Dept. D-71, Solar Aircraft Company, San
Diego 12, California.

SOLAR

AIRCRAFT COMPANY

SAN DIEGO DES MOINES

ENGINEERS WANTED Unlimited oppor-
tunities, challenging projects, good living
with Solar! Write for new brochure.

New “Solar Advanced Technology” facilities brochure is of value to you . .. Write for it.

DESIGNERS, DEVELOPERS AND MANUFACTURERS * GAS TURBINES * AIRCRAFT AND MISSILE COMPONENTS « BELLOWS « CONTROLS * COATINGS « METAL ALLOY PRODUCTS
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fastest growing plastic of all time

A The versatility of colorful Tenite Polyethylene
means new uses every day for this giant molecule

Tenite Polyethylene is a material formed by polymerizing
ethylene gas into giant molecules of solid plastic.

Chemically inert, this plastic has no solvent at room tem-
peratures. It is strong, tough and virtually unbreakable, yet
is the lightest of all plastics. It is an excellent dielectric with
low thermal conductivity and high resistance to water.

Tenite Polyethylene can be injection molded, or extruded
into sheeting which in turn can be vacuum formed. It can be
"blown" into bottles. It can be extruded as film or pipe, or as
a coating on paper, film or foil.

Originally a dull, milky-white material, polyethylene has
been given a colorful new dimension by Eastman. Today,
molders and extruders can order pellets of Tenite Polyethylene
in almost any color desired. For Tenite Polyethylene has
profited by Eastman'’s long experience in the coloring of Tenite
Acetate and Tenite Butyrate—two Eastman plastics based on
another giant molecule, cellulose.

Perhaps Tenite Polyethylene could add longer life, better
performance or greater sales appeal to some product you
make. For more information on this versatile plastic, write
EASTMAN CHEMICAL PRODUCTS, INC., subsidiary of Eastman
Kodak Company, KINGSPORT, TENNESSEE.

TIEN TG

POLYETHYLENE -BUTYRATE  rACETATE
plastics by Fastman

1032 _ FAQTMAEN'? 28TH YEAR IN PLASTICS—~1957
© 1957 SCIENTIFIC AMERICAN, INC
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BUTADIENE... four-carbon building block

Though already one of the few billion-pound chemicals, many new significant uses of Butadiene
are yet to be realized; the structural opportunities offered by this four-carbon building block are limited
only by man’s creative imagination.

To further encourage the development and use of Butadiene, Texus production facilities have been
greatly expanded, assuring the Chemical Industry of sufficient quantities for both current and growth needs.

In addition to providing a dependable source of supply from the world’s largest Butadiene plant,
TEexus offers you the benefits accruing from important and expanding research and development programs.

Your inquiry regarding present and prospective uses of Butadiene is sincerely invited . . . and will be
held in the strictest confidence. A letter or call to our New Yok office will bring you the current Texus
Butadiene Technical Bulletin and also subsequent data as it is published.

EBus

TEXAS-U.S. CHEMICAL COMPANY
260 Madison Avenue, New York 16, N.Y. * MUrray Hill 9-3322
Plants and General Offices: Port Neches, Texas
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the pressure in the reactor may be
greater than that in a big gun at the mo-
ment of firing! Yet these pressures have
to be maintained continuously while the
polymer is being made. Furthermore,
the gas has to be kept at a high tempera-
ture, and to make matters worse, the
polymerization of ethylene itself gener-
ates a considerable amount of heat. To
withstand the pressure, the reactor, a
cannon-like tower about 40 feet high,
must have walls at least 10 inches thick,
made of special metal alloys. Thanks to
automatic safety controls, polyethylene
reactors no longer blow up at the rate
of one a month, as they used to, but a
factory operating under such extreme
conditions is still not calculated to pro-
duce peace of mind.

The second, and more important,
drawback is a major defect in the prod-
uct itself. Polyethylene made by the
high-pressure process begins to soften at
temperatures near the boiling point of
water and melts at a few degrees above
that. Consequently articles made of
polyethylene will not stand heat. A sud-
den surge of current overloading a cir-
cuit will melt away the polyethylene in-
sulation of the wires; a polyethylene
bottle put in boiling water becomes a
shapeless mass; the material will not do
as piping for hot water; and in general
it is limited to uses in which it does not
have to resist heat.

The melting point of polyethylene
produced by the conventional method is
lower (by about 50 degrees Fahrenheit)
than what we would expect of a paraffin
of high molecular weight. The reason for
this is now well understood. The high
temperature used in the process pro-
motes attachment of many side branches
to the main chain of the giant molecule.
These branches add a complication
which puts a stress upon crystalline por-
tions df the polymer (that is, regions
where the chains are aligned in a regu-
lar arrangement). As a result the amount
of crystallinity that can develop is lim-
ited (to about 50 or 60 per cent), and
the structure of the substance is easily
broken down by heat.

T\Taturally chemists looked for a way
= to synthesize polyethylene at rea-
sonable temperatures and pressure. Such
a process might overcome both draw-
backs of the original method: not only
would it eliminate the hazards of the
conventional process but it might yield
unbranched molecules. A polyethylene
consisting of simple linear chains should
be more crystalline, stronger and more
resistant to heat, though it would lose
in pliability. Three years ago a German

o

CROSS-LINKING MAY OCCUR when radiation removes hydrogen atoms from adjacent
polymer chains (1). The two carbon atoms with unsatisfied valences are then bonded (2).

o
.
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H— C —H
|
H—C —CN
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H—C—H
I
H— C— CN

GRAFTING MAY OCCUR when a hydrogen is removed from a polymer chain (1) so that
other monomers may grow from it (2). Here polyacrylonitrile is grafted to polyethylene.
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chemist, Karl Ziegler, found a solution
to the problem. He discovered that
ethvlene could be polymerized to poly-
ethvlene at normal pressure and com-
paratively low temperatures with the aid
of a catalyst—a complicated combination
of metals and organic substances [see
article on page 98]. Since then the
Phillips Chemical Company in the U. S.

LARGE PLANTS are presently going “on stream” for the low-
pressure production of polyethylene. At top is a low-pressure semi-
works of the Phillips Chemical Company in Bartlesville, Okla. At
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and others have developed similar proc-
esses using different catalysts.

The new polyethylene has several
new properties. It is highly crystalline
(as much as 90 per cent) and has a con-
siderably higher melting point (about
275 degrees F.). It is stiffer, stronger
(able to bear twice as great a load) and
denser; the new and old forms of the

© 1957 SCIENTIFIC AMERICAN, INC

substance are therefore distinguished by
the names high-density and low-density
polyethvlene.

Production of high-density polyethyl-
ene is just emerging from the pilot-plant
stage, and the material has not vet been
fully tested. There are problems to be
worked out, including the separation of
the product from the catalysts and im-

bottom is the full-scale Phillips plant near Houston, Tex. Parts
of this plant are still under construction, but it is scheduled to
reach a capacity of 75 million pounds a year by the end of 1957,



ferrite advances add new chapters to the microwave art

Microwave and
Electronic
Engineers—
Outstanding
Opportunities with
Airtron, Inc.

Since the close of World War |l the big push has
been toward the use of higher and higher frequen-
cies to solve the many problems which threatened
to limit modes and extent of radio communication
as well as radar and other detection systems.

From LF to HF to VHF to UHF and beyond —
from the 50 kilocycles radio band to the 10,000
megacycle weather radar is the distance we have
traveled in the past fifteen years. Today our sights
are set on the 30,000 to 90,000 megacycle bands.

Airtron, Inc. has.been a leading contributor to the
extension of the microwave state of the art. It has
been Airtron who has written in the new chapters on
ferrite components and material, double ridge wave-
guides, and high powered, miniature ferrite and non-
ferrite microwave components, to the standard texts
that are the only reference source for engineers and
users of microwave equipment.

Industry’s pressing need for non-reciprocal

Winc.

LINDEN, NEW JERSEY — AIRTRON, CAMBRIDGE (FERRITE DIVISION) CAMBRIDGE, MASS.

FOREIGN AFFILIATES

microwave components demanded applications for
which there was no readily available theory, or ref-
erence source. With Airtron, Inc. it has been the
application of practical theory that has stamped
solved many of these new microwave ferrite design
problems. The end results have been quality pro-
duction items — some of which are in use today in
every weather radar system — electronic devices
operating with ferrite components — miniature fer-
rite isolators and duplexers — high powered ferrite
components and special designs still under the
wraps of security.

Today — there is only ONE organization which
can offer you the complete range of microwave
engineering and equipment . . . only one company
which can point to the advances of the past decade
in the microwave and ferrite art as being almost
wholly its own . . . This is Airtron, Inc. creative
leaders in the Microwave Art.

z
©

AIRTRON CANADA, LTD., TORONTO. CANADA | W. H. SANDERS (ELECTRONICS) LTD., STEVENAGE HERTS, ENGLAND | SIVERS LAB., HAGERSTEN. SWEDEN
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POLYETHYLENE IS FORMED into useful products in a wide va- from a water bath at lower left in the photograph. At upper right
riety of ways. The methods shown here were photographed in the polyethylene sheet is made into a protective helmet by a vacuum
laboratories of W. R. Grace & Co. in Clifton, N.J. At upper left which pulls it down over a metal form. At lower left polyethylene
polyethylene is extruded in a sheet which may be seen emerging is extruded as a thin film. At lower right it is coated on paper.
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provement of the properties of the ma-
terial. But it is so promising that within
two years or so high-density polyethyl-
ene is expected to account for more
than a third of the total polyethylene
production.

\ leanwhile chemists and physicists
~V-L are operating on the new substance
to see what other ualities they can
build into it. Its simple, linear molecules
offer a tempting material to tinker with.
For instance, suppose we cross-linked
the chains chemically, as the molecules
of rubber are cross-linked when it is
vulcanized. The difficulty is that poly-
ethylene lacks chemical groups to form
cross-links. But several years ago A.
Charlesby, a physicist in the British
atomic energy establishment at Harwell,
exposed some polyethylene to intense
ionizing radiation (about 20 million
roentgens) from the nuclear pile and
discovered that the irradiation generated
cross-links. Apparently it knocks hydro-
gen atoms off the chains and so frees
bonds for cross-linkage. A single cross-
link per chain produces a dramatic
change in polyethylene. It becomes
stronger, all but unmeltable and insolu-
ble in the usual solvents. Although it
cannot be fabricated into shaped objects,
it has a number of potential uses.

Few manufacturers are likely to invest
in an atomic pile or even a less expensive
particle accelerator to cross-link poly-
ethylene. However, there is a simpler
way. I have found that polyethylene can
be cross-linked by ultraviolet rays of cer-
tain wavelengths. The rays must be of
short wavelength; the longer ultraviolet
wavelengths tend to break polyethylene
down. For most of our studies at the
Polytechnic Institute of Brooklyn we
used a 15-watt ultraviolet lamp com-
monly employed for sterilization. When
we send an ultraviolet beam through a
batch of polyethylene fortified with cer-
tain sensitizers (which apparently break
down to free radicals), the molecules
become cross-linked in a matter of sec-
onds. The treatment can cross-link both
low-density and high-density polyethyl-
ene. It cures a bad weakness of high-
density polyethylene: namely, a tend-
ency to become brittle after it has been
exposed for some time to a very warm
environment. This weakness has dis-
qualified polyethylene for use as hot-
water piping, but the corrective effect of
the ultraviolet radiation, which appar-
ently controls the crystallization of the
substance, suggests a possible solution
to that problem.

There are other operations we can

perform on the polyethylene chains be- ‘
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WHERE ELECTRONICS | MEETS THE EYE
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marion electrical instrument company
Grenlor Fleld, Manchestor, Now Hampshire

NEW in design...the ER-90
x-y recorder draws curves in
Cartesian coordinates. The
pen moves on the x and y axes
in accordance with DC millivolt
signals applied to the x or y
input terminals.

useful for:

® computer readout
® hysteresis curves
® semi-conductor and tube
characteristics
@ filter characteristics $520
@ stress/strain; tempera-
ture/pressure, etc.
DESCRIPTION:
Servo type x-y recorder, employ- SPECIFICATIONS: )
ing conventional chopper ampli- (E;Ch “‘33' A)"es are electrically
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fiers, 2 phase motors and poten- tndependen 10 MV o
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Flat bed —full chart visibility.
Simple, efficient design. Mod-

erate cost. LIMIT OF ERROR
REPEATABILITY
CHART SIZE
MANDREL
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5134 Glenmont Drive @ Houston, Texas
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sides cross-linking them. We can graft
branches, of our own choosing, onto the
chain, and thus modify the properties of
the polymer in a chosen way. As several
workers in the U. S. and abroad have
discovered, ionizing radiation promotes
grafting, by producing free radicals
which initiate the polymerization of
branches on the main chain. In our own
laboratory we have used ultraviolet ra-

INJECTION MOLD makes a salad tray out of polyethylene in the Clifton laboratories of
W. R. Grace & Co. At the top the die is open before injection; at the bottom, after injection. |
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diation for this purpose. If selected
monomers (other than ethylene) are in-
troduced into a batch of polyethylene,
the chains grow foreign branches which
endow the substance with new proper-
ties. For example, we have grafted poly-
styrene branches onto polyethylene
chains and obtained a material which
combines properties of both polymers
and adds a few new ones. There is an-
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To the
ENGINEER
of high
ability

The most important engi-
neering assignments are now
being placed with companies
which can point to superior
accomplishments not only in
research and development, but
in production of the end items.
Because of this, engineers inter-
ested in aircraft and missile com-
ponents and systems will find
outstanding opportunities at the
Garrett Corporation. QOur prime
areas of operation include the
following :

air-conditioning
pressurization
heat transfer and cryogenics
pneumatic valves and controls
system electronics, computers
and flight instruments
gas turbine engines and
turbine motors

The Garrett Corporation also has
made important advances in prime
engine development and in design
of turbochargers and other industrial
products.

Our engineers work on the very
frontiers of present day scientific
knowledge. We need your creative
talents and offer you the opportunity
to progress by making full use of
your scientific ability. Positions are
now open for mechanical engineers
... mathematicians . .. specialists in
engineering mechanics . .. electrical
engineers . . . electronics engineers.

For further information regarding
opportunities in the Los Angeles,
Phoenix and New York areas,
write today, including a resume
of your education and experience.

Address Mr. G. D. Bradley

THE CORPORATION
9851 S. Sepulveda Blvd.
Los Angeles 45, Calif.

DIVISIONS:
AiResearch Manufacturing
Los Angeles
AiResearch Manufacturing
hoenix

AiResearch Industrial
Rex—Aero Engineering
Airsupply —Air Cruisers
AiResearch Aviation
Service



For control system applications...

the AiResearch time dwell

electro-hydraulic servo valve

SPECIFICATIONS:

Weight____ 1.251Ib.
Electrical input. 10 milli-amperes
Operating pressure_200 to 4000 psi
Rated flow—_0.12to 5 gpm
Fluid— OS45-1 (or)
MIL-O-5606
Oil Temperature. —90°F to 400°F

4

New design results in high spool control forces
with positive switching action

The AiResearch Time Dwell Servo  characteristics: friction loads.

Valve is a two stage switching type Spool velocity rather than posi- It has a wide temperature range

electro-hydraulic valve. It converts tion is the control parameter. of efficient operation.

low level electronic signals into Spool centering springs are not  In combination with a matched

hydraulic energy which actuates required. actuator, the Time Dwell Servo

mechanisms to steer or control mis- Performance is maintained even  Valve gives true 1/s? dynamic per-

siles, aircraft, and ground control with contaminated oil. formance. This allows the servo

and similar equipment. It is unaffected by accelerations  systems engineer to achieve system
Weighing only 11/ pounds, this to 50G in any direction. response, resolution and stability

AiResearch valve has the following It is insensitive to varying spool  previously unattainable.

® Qutstanding opportunities for qualified engineers

THE CORPORATION

AiResearch Manufacturing Divisions

Los Angeles 45, California « Phoenix, Arizona

Designers and manufacturers of aircraft systems and components: ReFRIGERATION SYSTEMS + - PNEUMATIC VALVES AND CONTROLS + TEMPERATURE CONTROLS
CABIN AIR COMPRESSORS + TURBINE MOTORS * GAS TURBINE ENGINES  CABIN PRESSURE CONTROLS * MEAT TRANSFER EQUIPMENT « ELECTRO-MECHANICAL EQUIPMENT + ELECTRONIC COMPUTERS AND CONTROLS
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WHERE RELAYS
MUST WORK

Whether your job is in emergency
service, public works, civil defense,
traffic control, radiation decontamina-
tion, safety engineering, these thumb-
nail relay case studies may give you
some ideas in designing for the ut-
most in failure-free dependability :

Remote blower starting. In a large
Eastern vehicular tunnel, W/L sen-
sitive relays (Bulletin 250) control
starting for huge blower motors. They
are cut in at the proper speed by a
tachometer generator coupled to the
motor shaft. Relay failure here would
mean discomfort, inconvenience, and
possibly danger to hundreds.
Emergency lighting. In a place of pub-
lic assembly, power failure plus panic
can equal disaster. In one system of
emergency lighting, a W/L relay
(Bulletin 105) senses failure of util-
ity power and switches on emergency
power in a fraction of a second.

Traffic light control. Extra-long life of
the W/L multi-pole relay (Bulletin
110) guarantees millions of red and
green flashes for one maker of traffic
controls.

Just a few of the many similar jobs
done by Ward Leonard Relays. They
all call for outstanding reliability in
actual operation—not just in the lab
or model shop. And that’s the best
reason for specifying “Ward Leonard.”

We'll be glad to send you complete
data on any Ward Leonard Relay or
other ultra-dependable Ward Leonard
products: resistors, rheostats, dim-
mers, motor controls. Ward Leonard
Electric Co., 80 South Street, Mount
Vernon, N. Y. (In Canada:
Ward Leonard of Canada Ltd.,

Toronto.) 7.7 g

LIVE BETTER...£/ectrically

152

CROSS-LINKED POLYETHYLENE is more resistant to heat than non-cross-linked. These
two bottles were heated to 300 degrees F. The one at right is cross-linked; the other is not.

other particularly nice illustration of
what can be done by this sort of chemi-
cal block-building. The nonwettability
of polyethylene is a nuisance when it
comes to trying to put a label on a film
or wrapper of the substance: it will not
take printing ink. But by grafting poly-
acrylamide, a hydrophilic polymer, onto
polvethylene, we have made a poly-

ethylene hybrid whose surface is wet-
table by water and consequently will
take print.

Polyethylene can be regarded as the
brightest flower of the high polymers.
Among the achievements that entitle our
era to be called the age of chemistry,
this remarkable man-made substance
certainly ranks near the top.

BULK POLYETHYLENE is shipped to fabricators in a variety of forms. It is then con-
verted into other forms by heat. These pellets were made by Phillips Chemical Company.
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no substitute can do what copper does!

Heavily-used water supply and drainage lines for barns, outbuildings and homes need the combination of
durability, resistance to corrosion and mechanical strength that copper gives. Copper’s ability to conduct
electricity far better than any other non-precious metal, makes it essential to farm wiring for light and
power, electric generators and motors, tractor ignition systems, and copper lightning rod installations.
In agriculture, as in so many other fields, copper always gives something extra no substitute can match!

KENNECOTT COPPER CORPORATION @ Fabricatine g ASE BRASS & COPPER CO. « KENNECOTT WIRE & CABLE CO.

Subsidiaries:
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Keeping
a, fatal
rendezvous

in4D

Any hunter who’s fired at a fast-
flying duck knows you have to
figure time—the 4th dimension—
if you want the shot to meet the
duck in flight . ..

Now substitute an airplane
taking full evasive action at
40,000 feet or more, and conven-
tional ways of aiming become ob-
solete. Yet this problem is
relatively simple, as was dramati-
cally proved at the first tests of
the Nike missile, jointly developed
by Bell Telephone laboratories
and Douglas.

Even more complex than
ground-to-air marksmanship is
air-to-air gunnery, where oppos-
ing planes top 1000 mph, and fire
missiles that move twice that fast.
It’s an entirely new science, based
on principles first expounded by
a Douglas scientist, and proved in
repeated successful tests—even
against unseen targets.
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Dramatic moment in aviation history, a Douglas-built
Nike-Ajax bores in on a drone bomber.
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A split second later finds the bomber in flames,
as Nike-Ajax scores a direct hit.

© 1957 SCIENTIFIC AMERICAN, INC

Here is Nike-Hercules, soon to take over
defense of U. S. cities from the earlier
Nike-Ajax. Tripling the range of its pre-
decessor, Nike-Hercules can be armed
with a nuclear warhead, to knock out
entire fleets with a single blast.

.

Douglas engineers load the rocket pod of
an F4D Skyray. Fire control problems
at supersonic speed, naturally much
greater than encountered at stable ground
emplacements, are solved on principles
developed by a Douglas engineer. Con-
sistent hits can be scored by planes
approaching one another at close to a
mile per second, and even when unseen.



CRYSTALLINITY OF CELLULOSE is indicated by this polar- cular patterns correspond to “pits” in the walls in which the proto-
ized-light photomicrograph of a thin shaving of spruce. The long  plasm of one cell is continuous with that of the next. These patterns
tubular cells of the wood run from the top of the page to the bot- arise when the polarized light of the microscope passes through
tom. The light-red vertical streaks are the walls of the cells. The cir- cellulose molecules arranged in crystalline array in the pits.
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CELLULOSE

This polymer is made not by man but by plants. Dissolved out of wood

or cotton, it is reshaped into rayon and other artifictal materials.

Such materials still outweigh all those made from synthetic polymers

ellulose, a basic substance of all
C plants, serves as the structural

support of their cell walls, like
the steel frame of a building. Empty
the cell of its contents, strip away the
filling material (masonry) of the walls,
and the skeleton remaining is cellulose.
This framework of the cell wall is a
strong, tough, fibrous material. Its me-
chanical properties explain the sturdi-
ness of products made of cellulose—for
instance, the rigidity and firmness of
timbers, the strength and durability of
a cotton handkerchief. Cellulose is com-
pletely insoluble in water, which ac-
counts for the fact that cotton fabrics
can safely be washed. The fibrils com-
posing cellulose are in part rather loose-
ly built; as a consequence other mate-
rials, such as dyes, can penetrate into
spaces within them. Thus cellulose,
an inexhaustible product of the plant
world, provides us with a widely useful
material of high tensile strength, high
bending strength, ability to absorb dyes
and so forth.

It is not surprising that a substance
with such virtues and potentialities
should have been an object of intense
study for many years. One of the first
facts to emerge when chemists began to
analyze cellulose was an intriguing para-
dox: this completely insoluble compound
is composed of a building block which
is very soluble indeed—namely, the
sugar glucose. The paradox is not dif-
ficult to explain, however, with the
present understanding of organic chem-
istry. The glucose molecule, comprising
a ring of carbon atoms, has hydroxyl
groups (OH) attached to five of its six
carbons. It is these groups that, by virtue
of their strong affinity for water, confer
upon the molecule its ready solubility.
It follows that in cellulose the hydroxyl
groups must be eliminated or blocked

by R. D. Preston

in some way. One of these groups in
each glucose unit is eliminated in the
formation of the cellulose chain: that is,
when glucose molecules are joined to-
gether, the hydrogen atom is split off
from the oxygen of a hydroxyl group
and the oxygen atom becomes the link
between one glucose molecule and the
next [see diagrams on next two pages].
The other hydroxyl groups are masked,
as we shall see, by the bundling together
of cellulose molecules.

A cellulose molecule consists of many
thousands of glucose units chained to-
gether like a long string of beads. The
molecule itself of course is far too fine

to be seen, but under an electron micro-
scope we can discern very narrow
threads (microfibrils) —evidently bun-
dles of the chain molecules spun out by
some spinning agent present in plants.
We can calculate that each microfibril
probably contains somewhere between
280 and 800 chain molecules.

he microfibrils were first observed
L in a seaweed called Valonia. This
alga of the warm seas is a delightful
material for study under the microscope,
because the plant consists of a single
giant cell, sometimes as large as a hen’s
egg, whose wall is made up of ex-

PLANT CELL is shown in cross section. The open area in center is the vacuole, filled with
a watery solution. The stippled area around the vacuole is the protoplasm. Around the
protoplasm is the cell wall, which consists of cellulose. The oval area at top is the nucleus.
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STRUCTURAL FORMULA of a molecule of the simple sugar glu-
cose is given at left. In the molecule of cellulose thousands of

tremely thin layers. The layers can be
stripped apart, and they are thin enough
to be penetrated by the electron beam
in an electron microscope. It has there-
fore been possible to obtain some beau-
tiful pictures of the structure of the
sheets, plainly showing the microfibrils
[see electron micrograph below]. Not
only are the threads very obvious, but
they can be seen to form a crossed pat-

THREADS OF CELLULOSE in the cell wall of the seaweed Va-
lonia are enlarged 21,000 diameters in this electron micrograph.
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tern: the fibrils in successive layers lie
almost at right angles to one another. Na-
ture practiced weaving long before man,
but we are still in the dark as to the
nature of the “loom” by which the walls
of a plant cell achieve their fine and
accurate weaving.

The microfibrils of cellulose have
themselves been studied intensively by
the method of X-ray analysis, and the
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these monomers are joined (with the loss of water) in a continuous
chain, a short segment of which is given at right. The carbon at-

X-ray diffraction pictures [see page 160]
show that they too have a regular struc-
ture. They are, in fact, crystals. It mav
seem strange to describe fibers (the fi-
bers of a ravon stocking, for instance) as
crystalline, for they certainly do not have
the flat, polished faces or sharp edges
commonly characteristic of crystals. But
the definition of a crystal is that its atoms
or molecules form a regular, repetitive

These so-called microfibrils, which are from 100 to 200 Angstroms
in diameter, lie at right angles to each other in alternate layers.




CH,OH OH

oms of the glucose molecule and the first two units of the cellu-
lose chain are numbered from 1 to 6. In the cellulose chain, carbon

arrangement in space, and the internal
arrangement of the molecules in cellu-
lose fulfills this definition—as does that
of other natural fibers such as hair. An
X-ray diagram of a bundle of cellulose
microfibrils demonstrates not only that
they have a regular structure but also
that the cellulose molecules are long
chains lying parallel to one another. It
also explains why cellulose is insoluble

THREADS APPEAR TO GROW out of masses of granular mate-
rial in this electron micrograph of the Valonia cell wall from the

in water. The molecules, lying side by
side, are so close together that their
hydroxyl groups are united by hydro-
gen bonds. This is a very weak type of
bond, but there are so many such bonds
along the immense length of the cel-
lulose chains that the sum total of the
energy binding them together is great
enough to prevent their separation (and
solution) by water. Furthermore, the
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atom 1 is joined to carbon atom 4 by an oxygen atom, resulting in
a regular alternation in the orientation of the glucose units.

force binding the chains together ac-
counts for the fact that cellulose does
not melt when heated.

his, then, is a general picture of the

- molecular architecture of cellulose.
Let us now take a look at the arrange-
ment of cellulose in the structure of plant
cell walls. A typical example is fur-
nished by a wood, such as pitch pine,

inside. The granular material may be the part of the protoplasm
in which the cellulose molecules of the microfibrils are synthesized.

159



X-RAY DIFFRACTION PATTERNS indicate the crystallinity of
cellulose in Valonia (left), wood (center) and rayon (right). Al

which is made up of long, cylindrical
cells. During its period of growth
the cell has a very thin, delicate wall.
When the cell stops growing, the proto-
plasm inside it proceeds to thicken the
wall by laying down three more internal
layers. We can see this structure if we

- -
e
= -
L

break the wood down into individual cells
by immersing some shavings in dilute
chromic acid. With a polarizing micro-
scope and an electron microscope we can
make out the orientation of the cellulose
microfibrils in these layers. In the outer-
most (original) layer the fibrils tend to

though the cellulose in all three of these materials is chemically
identical, its arrangement in their crystals is somewhat different.

run right around the cell, i.e., transverse-
ly to its lengthwise direction. In the three
inner layers they run at an angle—in
other words, they spiral around the cell
[see diagram on page 162]. The spiral is
rather steep in the middle one of the
three inner layers and flatter in the

CRYSTAL OF CELLULOSE has this structure. The hexagons cor-
respond to the rings of atoms in the formulas on the preceding two
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pages. The ball at the corner of each hexagon corresponds to the
oxygen atom in the ring. The dimensions are given in Angstroms.



Number two of a series

Surface Reports on metal treating

automation at 2200°F

In this age of miracles, high speed
production lines with automatic transfer,
metal removal, and gaging operations
are pretty much taken for granted. Some-
what more novel—but further along than
is generally known—is the complete in-
tegration of heat treating processes into
automated lines. The high temperatures
involved present special challenges, the
central problem being reliability. Large
dollar volumes of product may be in
process at one time and interruption of
heating cycles can be very costly.

Yet in many plants Surface Combus-
tion has helped to take the furnaces out
of the heat treat department and put
them “on the line,” with improved con-
trol of end product quality and high re-
turns on the investment.

Surface mechanized the first batch
type furnace a generation ago, and has
since developed materials handling tech-
niques, controls, and automatically con-
trolled atmospheres especially adapted
to processing requirements at high
temperatures.

As an example, one automated line
for bearing races integrates press form-
ing, machining, annealing, washing, car-
burizing, and grinding operations. It
includes four furnaces through which
work moves continuously, protected by

controlled atmospheres which insure
uniformly high metallurgical specifica-
tions. An abundance of technical articles
on the subject is available in the Surface
files. We invite you to write us for
authoritative information on almost any
phase of automated heat treating.

new concept-new word

“Super-convection” is the word we
coined to describe a new application
of a heat transfer technique for heat
treating.

Much heat treatment is done simply
by raising work temperature in a fur-
nace essentially by soaking or baking.
In response to the need for greater
speeds, several years ago Surface began
experiments in “high thermal-head” heat-
ing which elevates air temperatures in
the furnaces as high as 2700° F, and
conveys parts through the furnace with
split second timing. We were able, for
instance to stress relieve long steel tubes,
moving at 120 feet per minute—and raise
their temperature to 650° F in only six
seconds.

The latest advance in high speed heat
treatment is shown in the chart below.
Not only is air raised to very high temp-
eratures: blowers are added to increase
the speed of heat transfer to the parts
in process, in this case, aluminum billets.

HIGH SPELD COMVECTION p—
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- / CONVENTIONAL CORVECTION HEATING
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SURFACE COMBUSTION CORPORATION

Surface® Heat Treat, Steel Mill, Glass Divisions * Kathabar® Air Conditioning & Drying Division ¢ Janitrol® Aircraft-
Automotive Division * Janitrol® Heating & Air Conditioning Division ®* Webster Engineering Company: Boiler Burner Division
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Super-convection is especially desirable
inheat treating aluminum and other light
metal parts, whose reflectivity makes
processing with radiant heat difficult.
We invite you to ask for literature or
case histories on this important subject.

right atmosphere-
for bringing up steel

Modern metallurgy has brightened—
not dulled—the magic of carbon in up-
grading steel quality. Here for instance
are five fully automatic case carburizing
furnaces (made by Surface) which pro-
vide pin-point control of carbon poten-
tial in the atmospheres. Thus a major
implement producer is able to pin-point
the hardness values and gradients of a
great variety of parts—many sizes and
many different alloys. The operator pre-
sets the desired carbon potential to re-
duce, maintain, or increase the carbon
content of the parts and can program
almost any temperature cycle through
zone control in the furnaces.”

Heat treating equipment for ferrous
and non-ferrous metals is just one facet
of Surface’s many sided organization.

For further information on any phase
of heat treating or other Surface serv-
ices, write Surface Combustion Corpora-
tion, 2391 Dorr Street, Toledo 1, Ohio.
In Canada: Surface Industrial Furnaces,
Ltd., Toronto, Ontario.

« Surface &
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others. It can be seen that this tvpe of
framework makes the cells flexible as
well as strong and gives to timber many
of its remarkable properties. The spirals
are normally held together by lignin, the
filling in the cell walls that confers hard-
ness on wood. When a timber is short
on lignin, it becomes very springyv: when
apple trees are infected by a virus which
causes a breakdown in lignin formation,
their branches mayv be so “rubbery” that
thev spring back like a fishing rod after
thev are bent.
This appears to be the basic cell plan
of all vegetable fibers—wood, bamboo,
jute, hemp, sisal and so on. But there are
variations. The cotton cell, for example,
has several peculiarities. The cell grows
as a hair from a fertilized seed in the
flower. For about the first 20 davs the
thin-walled cell elongates; then it stops
growing lengthwise and the wall pro-
ceeds to thicken. This goes on for 20 to
40 days; each dav the cell lavs down a
new sheet, or layver, in the wall. Except
for the larger number of lavers, this fol-
lows the same basic plan as the growth
of wood cells. But the spiraling micro-
fibrils of cotton develop an odd twist. In

TUBULAR CELL OF A PINE TREE is much shortened in the diagram at left. The small
circles are the “pits” described on page 156. At right is an enlarged diagram of the section
A-A. The wall of the cell is divided into four layers, in each of which cellulose chains are
arranged in parallel helixes (broken lines). The pitch of the helix varies with the layer.
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Exciting new things
are happening at
HOFFMAN ELECTRONICS

Out of advanced electronics
research and development at
Hoffman comes an entirely new
concept in ground radar. Still
under wraps by the Military, this
unusual and practical Hoffman
development applies revolutionary
techniques to solving complex
weapons systems problems.

Hoffman’s extensive experience in
designing, developing and
producing radar for airborne and
shipboard installations laid the
groundwork for this exciting new
electronics development. In radar,
as in other vital military and com-
mercial fields—countermeasures,
navigation, weapons and com-
munications systems — Hoffman
continues to produce the pattern
for progress in electronics.

In a dynamic industry where only
change is permanent, exciting
things continue to happen

at Hoffman.

PHYSICISTS ¢« ELECTRONICS AND
ELECTRO-MECHANICAL ENGINEERS
Significant new developments at
Hoffman in the fields of navigation,
VLF, HF, VHF, UHF, radar, ECM,
weapons systems and semiconductors
have created important positions for
scientists and engineers of high
calibre. Please address inquiries to
Chief Engineer.

an
Flectronics

HOFFMAN LABORATORIES, INC.

3761 South Hill Street
Los Angeles 7, California



T2 battlefneld It's another outstandlng example of ...

“radar’s caught infiltration on hill four zero...”

As at sea and in-the air, Hoffman-developed radar
now gives our Armed Forces
greatly extended capabilities for survelllance on the

Eleciromcs *35

Where exc:!mg new lhings
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HOFFMAN LABORATORIES, INC.
3761 South Hill Street
Los Angeles 7, California
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CELLULOSE IS PREPARED from wood for the manufacture of into wood pulp. This is the pulp mill of the Canadian Chemical
fibers, films and other artificial materials by breaking down logs and Cellulose Company, Ltd., in Prince Rupert, British Columbia.

J A

CELLULOSE IS CAST into cellophane in a Richmond, Va., plant end of this 200-foot-long casting machine in solution and emerges
of E. I. du Pont de Nemours & Company. Cellulose enters one in rolls of dry, shiny film. The film is now further processed.
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the layers where they spiral steeply, they
may run in the right-handed direction
for a short distance and then suddenly
switch over and spiral in the left-handed
sense. Indeed the whole structure is
much as though the hair were made up
of short cells piled on one another (as in
fact is the case in some wild cotton |
plants). Just why the cell develops this |
structure is not known. In any case,
the great length of the cell and its spiral
texture make for an easily handled,
strong yet flexible fiber with good wear-
ing qualities. Moreover, cotton cells are
remarkably rich in cellulose—which con-
stitutes as much as 95 per cent of their
walls—so that they furnish an excellent
source of this substance.

The water plants known as algae,

which have been a subject of intense
study in our laboratory over the past few
vears, generally seem to have a some-
what different form of cellulose from
that in the higher plants. But the sea-
weed Valonia and a few other algae have
precisely the same cellulose as wood.
Valonia cellulose is, however, more reg-
ular in structure; indeed, it is the most
highly crystalline and most accurately
orientated of any known cellulose. Its
cell wall consists of 70 per cent cellulose
by weight. This, together with the well-
oriented wall structure, obviously results |
in a wall designed to withstand high ten-
sion in all directions. Indeed, the plant
needs such a wall, for the large cell, ab-
sorbing water by osmosis, has to with-
stand an internal hydrostatic pressure
amounting to many tons of tension per
square inch of wall section.

Even bacteria, still lower in the plant
kingdom than the single-celled algae,
produce cellulose. One of the species
capable of doing so is Acetobacter xyli-
num, which grows in vinegar exposed to
the air. Oddly enough, however, the cel-
lulose of the bacterium forms outside the
bacterial cell itself, apparently from ma- |
terials synthesized inside the microbe
and passed out into the surrounding
medium. In a vinegar bottle this mass of
cellulose can be seen as a scum on the
surface of the liquid. Bacterial cellulose
is the same as that of higher plants, but
its microfibrils are arranged at random,
because they have been produced in a |
liquid medium instead of on a rigid cell
wall. These fibers can be tightly com-
pacted, and hence make a thin, strong,
finely porous filter paper. |

Cellulose is by no means restricted to ‘
the plant kingdom: animals also produce |
it. It has long been known, for instance,
that the envelope (tunic) of the sea
squirt is cellulose. Tunicates like the sea |

giant molecules
from little LITHIUM ions grow

Lithium compounds are bagging some mighty big game these days in the field
of high polymer chemistry. Though small in stature (their ionic radius is the
smallest of the alkalis), these compounds are well suited to the task of building
molecular giants.

Take polyisoprene, for example. Made by the use of lithium ecatalysts, this
synthetic has physical properties and polymer structure entirely comparable
to natural rubber. The high solubility and association of lithium alkyls in
organic solvents assure high polymerization efficiency.

Polyethylene is another. Alkyl lithium compounds have been known to add to
olefins . . . modifying and improving the olefins according to a predetermined
plan.

Protein fibre solubility is another. The thiocyanates and cyanates of sodium and
potassium are traditional solubilizers of protein fibres. Lithium thiocyanate
and cyanate, their alkali brothers, have also demonstrated this unusual
property to solubilize certain proteins. Because of lithium’s small ionic size
and consequently higher charge density, lithium thiocyanate and cyanate may
well do the job more efficiently with less change to the basic structure of the
fibres.

These applications and others conclusively demonstrate the high potential
of lithium compounds as a catalytic control in polymerization and as a syn-
thesizing agent in organic preparations. They’re worth investigating. Why not
put lithium compounds on your list of ‘‘things-to-try’’? Write for your copy
of “Chemical and Physical Properties of Lithium Compounds”’—an earthy
collection of facts and figures on some 23 compounds. Address request to the
Technical Literature Section, Foote Mineral Company, 454 Eighteen West
Chelten Building, Philadelphia 44, Pa.
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<
RESEARCH LABORATORIES: Berwyn, Pennsylvania

PLANTS: Cold River, N. H.; Exton, Pa.; Kings Mountain, N. C.;
Knoxville, Tenn.; Sunbright, Va.
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MINERAL COMPANY
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CELLULOSE IS SPUN into rayon in this demonstration apparatus of the Celanese Corpora-
tion of America. The vessel at the top contains liquid cellulose acetate. When the liquid
emerges through tiny holes in a spinneret at the bottom of the vessel, it hardens into fiber.
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squirt make this “animal cellulose”
(which is indistinguishable from plant
cellulose) in rather large quantities; ap-
parently many other animals produce
small amounts of it. For instance, cellu-
lose has recently been discovered in
small quantities in the skin of animals,
including man. The significance of its
presence there is not yet known.

Jow let us look at the uses of cellulose
and its derivatives in industry.
When treated with caustic soda, cellu-
lose is transformed into a new crystalline
form; this “mercerized” product (named
after John Mercer, inventor of the
process) is porous and shiny and is com-
monly called artificial silk. A later and
now more popular method of converting
cellulose to artificial silk involves dissolv-
ing the substance with an appropriate
solvent and then reprecipitating it. In
order to orient the molecules in fiber
form, the viscous solution of cellulose is
projected into the precipitating bath
through a fine nozzle, and the extruded
threads are stretched. The physical proc-
ess is roughly comparable to combing out
amass of cotton wool to draw the threads
of the cotton all in the same direction.
The filaments can be drawn out to great
length to make strong fibers. It is a re-
markable fact that many seaweeds con-
tain cellulose in this form or very like it.
Nature had discovered mercerized cellu-
lose long before Mercer himself!

Regenerated cellulose of this kind can
be transformed into a number of deriva-
tives, each with its own useful proper-
ties. In the viscose process, for instance,
cellulose is treated with caustic soda and
allowed to oxidize for a time in the air;
then the material is squeezed and treated
with carbon disulfide vapor. The product
is spun into fibers to make the well-
known viscose rayon. Its chemical com-
position is the same as that of cellulose
except that sulfur has been added to a
side chain.

When regenerated cellulose is treated
with acetic acid (the acid in vinegar),
it becomes cellulose acetate, a com-
pound used for making photographic
films, lacquers and many other products.
Cellulose treated with nitric acid be-
comes nitrocellulose; this compound, in
various degrees of nitration, can be used
for photographic film (now unpopulax
because it is highly inflammable), for
the coating of artificial leather and for
guncotton for explosives.

t has thus far been impossible to syn-
- thesize cellulose in the laboratory
without the intervention of a living plant.
Indeed we must confess that we still



SUPERALLOYS for supersonic performance

We develop them. And through modern vacuum melting produce them

to the closest possible limits of chemical control and uniformity of mechanical
properties for use in such critical components as aircraft turbine blades,
buckets and skin material for missiles and rockets. UDIMET 500, one of
our well established vacuum melted alloys, combines unsurpassed
stress-rupture life with excellent ductility and fatigue strength in the 1200°F
to 1800°F range. At 1200°F, for example, its tensile strength is 180,000 psi
—at 1600°F, 100,000 psi. For further information concerning

applications of these superalloys to your products, write to address below.

VACUUM MELTING

Shock wave around a simulated missile

provides these properties

o High temperature
corrosion resistance

o Increased ductility

o Extreme cleanliness

e Precise chemical control

e Longer stress-rupture life

o Increased tensile strength

o Better fatigue resistance

o Greater yield strength

o Greater impact resistance

o Greater creep properties
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know very little about how plants them-
selves make this remarkable material.
During the past few years, however,
some progress has been made toward
understanding parts of the process. In
the cell wall of the seaweed Valonia we
observed granular masses of protoplasm
in which the ends of microfibrils were
embedded. The writer suggested that
the microfibrils were spun out of this
material, growing at the ends lying in
the protoplasm. Recently a group of in-
vestigators in Canada, studying the for-
mation of cellulose by cultures of the
vinegar bacterium (Acetobacter xyli-
num ), reported confirming evidence that
microfibrils do indeed grow in this way;
that is, it appears that the long fibers are
built up by addition of cellulosic links to
their ends, rather than by the aggrega-
tion into bundles of long molecular
chains already preformed.

The vinegar bacterium has proved a
particularly useful tool for studying the
synthesis of cellulose. Shlomo Hestrin of
the Hebrew University in Israel has
demonstrated by tracer experiments
with glucose labeled with radioactive
carbon that cellulose is in fact formed
from glucose, although it appears that
under some conditions the glucose mole-
cules are first broken down to smaller
fragments and the latter are then assem-
bled into cellulose. In general the syn-
thesis of cellulose requires a continuous
supply of oxygen.

Like any other biochemical process,
the making of cellulose depends on help
from enzymes, the catalysts of living or-
ganisms. S. Peat, a chemist at the Uni-
versity of Wales, has discovered that an
enzyme called emulsin, extracted from
bitter almonds, will cause a concen-
trated glucose solution to form cello-
biose—a well-known compound consist-
ing of two glucose molecules joined by
precisely the same kind of linkage that
forms the chain of glucose in cellulose.
More recently M. Stacey and his collabo-
rators at the University of Birmingham
have built up cellobiose to cellotriose
(i.e., incorporating a third glucose mole-
cule) by the use of a medium containing
certain fungi. It is probable that progress
toward the synthesis of cellulose in vitro
will now be rapid. Indeed, while these
lines are being written, Glenn A. Great-
house of the University of Florida has
just announced that he has synthesized
cellulose completely from glucose with
the aid of a cell-free extract from the

| vinegar bacterium. If this result is solid-

ly confirmed by further work, a great
step has been taken toward solving the
problem of how the giant molecule of
cellulose is made.
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IMPORTANT PART IN DEPENDABLE PERFORMANCE OF

New powerruL CURTISS-WRIGHT rureo

COMPOUND ENGINES

Increased demand for faster non-stop service has placed
great demands on the engines that power modern airliners.
Helping to meet this need is the powerful EA Series
Turbo Compound engines built by the Wright
Aeronautical Division of the Curtiss-Wright Corporation,
Wood-Ridge, New Jersey. In each of these 18-cylinder
giant engines, 3 GRAPHITAR oil seals play an important
part in maintaining the dependability, efficiency and power.
Three power-recovery units are employed on the Turbo
Compound to utilize normally wasted exhaust gases and
provide still additional thrust. The GRAPHITAR

seals are used on the turbine shaft in each of these units
and must withstand continuous high speeds and high
temperatures. These seals prevent hot gases from reaching
the shaft bearings and carbonizing the lubricant. Low
coefficient of friction, and the excellent wear and sealing
properties of GRAPHITAR make it ideally suited for

this demanding installation.

Compacted under extreme pressure, and fused at heats to
4500° F., GRAPHITAR can be formed into relatively
complex shapes, ground to tolerances as close as .0005”.
Since it is entirely self-lubricating, GRAPHITAR can be
used where only steam or water are present.
GRAPHITAR is lightweight, durable, chemically

inert and virtually unaffected by extremes of vibration,
pressure, or temperature.

Get the fact-filled GRAPHITAR
engineering Bulletin No. 20.
Write today for your copy. If
you have design questions on
problems, our engineering
staff will be happy to assist
you in any way possible.

R-248-1

THE UNITED STATES GRAPHITE GDMPANY

DIVISION OF THE WICKES CORPORATION, SAGINAW 6, MICHIGAN
GRAPHITAR® carpoN-crapHiTE © GRAMIX® sintereo merac parts © MEXICAN® crapnite propucts o USG® BRuskes
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...RIGIDITY!

Test dishpans made from the same mold using conventional polyethylene and Fortiflex demonstrate the superior rigidity possessed by
Fortiflex. The dishpans were placed on the ground, then filled with equal amounts of water. The tester attempted to lift each with one
hand. The Fortiflex molded dishpan had the needed rigidity. The conventional polyethylene dishpan collapsed under the weight.

FORTIFLEX

Polymer chemistry produces another wonder

... a high-density linear polyolefin plastic
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...HEAT RESISTANCE!

- .

- /

Laboratory test shows the effect of sterilization on standard molded nursing bottles made of conventional
polyethylene, Fortiflex and glass, Only the glass bottle and Fortiflex bottle withstood the 15-minute test con-

ducted at 15 psi, 250° E.

A polyethylene that withstands sterilization...that has outstand-
ing rigidity and excellent surface gloss. ..

These are the distinguishing characteristics of Celanese
Fortiflex—the chief reasons why this new plastic is moving into
areas of usefulness never before practical or even possible.

Linear in structure, with resulting high density, Fortiflex pos-
sesses the rigidity, heat resistance, strength and high lustrous
surface so vital to the development and production of a wide
variety of consumer and industrial products. Appliance and
equipment housings and parts; containers, caps, and closures;
housewares; toys; monofilaments for ropes and textiles, are
good examples.

Its other important properties—low permeability to moisture
and most gases, and excellent electrical and chemical charac-
teristics—make possible applications such as electrical insula-
tion, rigid lightweight pipes for the transmission of fluids and
gases, packaging films.

There's scarcely an industry that won't benefit from the de-
velopment of Celanese Fortiflex. This new plastic, now in com-
mercial production, is being shipped in volume from ware-
houses located in Newark, N. J.— Chicago, Ill. —Los Angeles,
Calif.—and from the Celanese Fortiflex plant in Houston, Texas.

Complete information can be obtained by writing the Sales
Development Department, Plastics Division, Celanese Corpora-
tion of America, 290 Ferry Street, Newark 5, N.J. Or, by filling
in and returning the coupon below. Celanese® Fortiflex®

€y PLASTICS and RESINS

Celanese Corporation of America, Plastics Division, Newark 5, N. J.
Canadian Affiliate: Canadian Chemical Co., Limited, Montreal, Toronto, Vancouver.
Export Sales: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Ave., N. Y. 16,

Sales Development Department, Plastics Division,
Celanese Corporation of America, Dept. 192-S, 290 Ferry Street, Newark 5, N. J.
Please send me more information about Fortiflex.
[ | am interested in 01 aminterested in ] | would like to have
production quantities. test run quantities. a technical represent-
ative call on me.

Name

Title

Company. _
Address

City. — Zone. State

|
I
|
|
|
|
|
|
|
|
!
|
!

A--t:-~si3n | have in mind -
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ring...Facilities ... Quality
Anid

A“Xll.lARY POWER UNITS
e V- I FOR AIRCRAFT AND MISSILES

A complete power plant in a small package. This A.P.U.
uses mono-propellant fuel to drive hydraulic and electrical
accessories for a guided missile. For engineering career
opportunities, write to Dr. J. D. Stanitz, Chief Engineer,

ceessovies Z)i(/isim
TAhompson i Products

CLEVELAND 17, OHIO

Specialists in the design, development and manufacture of aircraft and missile fuel systems and pumps, small gas

turbines, turbine-driven accessories, power packages and nuclear energy accessories and components.
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PROTEINS

The principal substance of living cells, these giant molecules

have 1dentical backbones. Each 1s adapted to 1its speciﬁc task

by a unique combination of side groups, size, folding and shape

! I Yhousands of different proteins
go into the make-up of a living
cell. They perform thousands of

different acts in the exact sequence that
causes the cell to live. How the proteins
manage this exquisitely subtle and enor-
mously involved process will defy our
understanding for a long time to come.
But in recent years we have begun to
make a closer acquaintance with pro-
teins themselves. We know they are
giant molecules of great size, complexity
and diversity. Each appears to be de-
signed with high specificity for its par-
ticular task. We are encouraged by all
that we are learning to seek the explana-
tion of the function of proteins in a
clearer picture of their structure. For
much of this new understanding we are
indebted to our experience with the con-
siderably simpler giant molecules syn-
thesized by man. High-polymer chemis-
try is now coming forward with answers
to some of the pressing questions of bi-
ology.

Proteins, like synthetic high polymers,
are chains of repeating units. The units
are peptide groups, made up of the mon-
omers called amino acids [see diagram
below]. There are more than 20 different
amino acids. Each has a distinguishing
cluster of atoms as a side group [see
next two pages], but all amino acids
have a certain identical group. The link-

by Paul Doty

ing of these groups forms the repeating
peptide units in a “polypeptide” chain.
Proteins are polypeptides of elaborate
and very specific construction. Each kind
of protein has a unique number and
sequence of side groups which give it
a particular size and chemical iden-
tity. Proteins seem to have a further
distinction that sets them apart from
other high polymers. The long chain of
each protein is apparently folded in a
unique configuration which it seems to
maintain so long as it evidences biologi-
cal activity.

We do not yet have a complete picture
of the structure of any single protein.
The entire sequence of amino acids has
been worked out for insulin [see “The
Insulin Molecule,” by E. O. P. Thomp-
son, SCIENTIFIC AMERICAN, May, 1955];
the determination of several more is
nearing completion. But to locate each
group and each atom in the configura-
tion set up by the folded chain is in-
trinsically a more difficult task; it has
resisted the Herculean labors of a gen-
eration of X-ray crystallographers and
their collaborators. In the early 1930s
W. T. Astbury of the University of Leeds
succeeded in demonstrating that two
X-ray diffraction patterns, which he
called alpha and beta, were consistently
associated with certain fibers, and he
identified a third with collagen, the pro-

tein of skin, tendons and other structural
tissues of the body. The beta pattern,
found in the fibroin of silk, was soon
shown to arise from bundles of nearly
straight polypeptide chains held tightly
to one another by hydrogen bonds. Ny-
lon and some other synthetic fibers give
a similar diffraction pattern. The alpha
pattern resisted decoding until 1951,
when Linus Pauling and R. B. Corey of
the California Institute of Technology
advanced the notion, since confirmed by
further X-ray diffraction studies, that it
is created by the twisting of the chain
into a helix. Because it is set up so
naturally by the hydrogen bonds avail-
able in the backbone of a polypeptide
chain [see top diagram on page 176], the
alpha helix was deduced to be a major
structural element in the configuration
of most proteins. More recently, in 1954,
the Indian X-ray crystallographer G. N.
Ramachandran showed that the colla-
gen pattern comes from three polypep-
tide helixes twisted around one another.
The resolution of these master plans was
theoretically and esthetically gratifying,
especially since the nucleic acids, the
substance of genetic chemistry, were
concurrently shown to have the struc-
ture of a double helix [see following
article]. For all their apparent general
validity, however, the master plans did
not give us the complete configuration

H H R (0] H H R o H
N C C N C C N C C N C C N C C —
H R o H H R ©) H H R o

POLYPEPTIDE CHAIN is a repeating structure made up of
identical peptide groups (CCONHC). The chain is formed by
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amino acids, each of which contributes an identical group to
the backbone plus a distinguishing radical (R) as a side group.
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AMINO ACIDS, the 20 commonest of which are shown in this
chart, have identical atomic groups (in colored bands) which react

in three dimensions of any single pro-
tein.

he X-ray diffraction work left a num-

ber of other questions up in the air.
Since the alpha helix had been observed
only in a few fibers, there was no solid
experimental evidence for its existence
elsewhere. There was even a suspicion
that it could occur only in fibers, where
it provides an economical way to pack
polypeptides together in crystalline
structures. Many proteins, especially
chemically active ones such as the
enzymes and antibodies, are globular,
not linear like those involved in fibers
and structural tissues. In the watery
solutions which are the natural hab-
itat of most proteins, it could be ar-
gued, the affinity of water molecules for
hydrogen bonds would disrupt the alpha
helix and reduce the chain to a random
coil. These doubts and suppositions
have prompted investigations by our
group at Harvard University in collabo-
ration with E. R. Blout of the Children’s
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Cancer Research Foundation in Boston.

In these investigations we have em-
ployed synthetic polypeptides as labora-
tory models for the more complex and
sensitive proteins. When Blout and co-
workers had learned to polymerize them
to sufficient length—100 to 1,000 amino
acid units—we proceeded to observe
their behavior in solution. For our meas-
urements we employed the techniques
described by Peter . W. Debye [see
page 90].

Almost at once we made the gratify-
ing discovery that our synthetic poly-
peptides could keep their helical coils
wound up in solutions. Moreover, we
found that we could unwind the helix
of some polypeptides by adjusting the
acidity of our solutions. Finally, to com-
plete the picture, we discovered that we
could reverse the process and make the
polypeptides wind up again from ran-
dom coils into helixes.

The transition from the helix to the
random coil occurs within a narrow
range as the acidity is reduced; the hy-
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to form polypeptide chains. They are distinguished by their unique
side groups. In forming a chain, the amino group (NH2) of one

drogen bonds, being equivalent, tend to
let go all at once. It is not unlike the
melting of an ice crystal, which takes
place in a narrow temperature range.
The reason is the same, for the ice crys-
tal is held together by hydrogen bonds.
To complete the analogy, the transition
from the helix to the random coil can
also be induced by heat. This is a true
melting process, for the helix is a one-
dimensional crystal which freezes the
otherwise flexible chain into a rodlet.
From these experiments we conclude
that polypeptides in solution have two
natural configurations and make arevers-
ible transition from one to the other,
depending upon conditions. Polypep-
tides in the solid state appear to prefer
the alpha helix, though this is subject
to the presence of solvents, especially
water. When the helix breaks down here,
the transition is to the beta configura-
tion, the hydrogen bonds now linking
adjacent chains. Recently Blout and
Henri Lenormant have found that fibers
of polylysine can be made to undergo the
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molecule reacts with the hydroxyl group (OH) of another. This
reaction splits one of the amino hydrogens off with the hy-

alpha-beta transition reversibly by mere
alteration of humidity. It is tempting to
speculate that a reversible alpha-beta
transition may underlie the process of
muscle contraction and other types of
movement in living things.

Having learned to handle the poly-
peptides in solution we turned our
attention to proteins. Two questions had
to be answered first: Could we find the
alpha helix in proteins in solution, and
could we induce it to make the reversi-
ble transition to the random coil and
back again? If the answer was yes in
each case, then we could go on to a third
and more interesting question: Could we
show experimentally that biological ac-
tivity depends upon configuration? On
this question, ourbiologicallyneutral syn-
thetic polypeptides could give no hint.
For the detection of the alpha helix
in proteins the techniques which had
worked so well on polypeptides were im-
potent. The polypeptides were either all
helix or all random coil and the rodlets of
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the first could easily be distinguished
from the globular forms of the second by
use of the light-scattering technique.
But we did not expect to find that any of
the proteins we were going to investigate
were 100 per cent helical in configura-
tion. The helix is invariably disrupted by
the presence of one of two types of
amino acid units. Proline lacks the hy-
drogen atom that forms the crucial hy-
drogen bond; the side groups form a
distorting linkage to the chain instead.
Cystine is really a double unit, and forms
more or less distorting cross-links be-
tween chains. These units play an im-
portant part in the intricate coiling and
folding of the polypeptide chains in
globular proteins. But even in globular
proteins, we thought, some lengths of
the chains might prove to be helical.
There was nothing, however, in the
over-all shape of a globular protein to
tell us whether it had more or less helix
in its structure or none at all. We had to
find a way to look inside the protein.
One possible way to do this was sug-
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droxyl group to form a molecule of water. The nitrogen of the first
group then forms the peptide bond with the carbon of the second.

gested by the fact that intact, biological-
ly active proteins and denatured pro-
teins give different readings when ob-
served for an effect called optical rota-
tion. In general, the molecules that ex-
hibit this effect are asymmetrical in
atomic structure. The side groups give
rise to such asymmetry in amino acids
and polypeptide chains; they may be
attached in either a “left-handed” or a
“right-handed” manner. Optical rota-
tion provides a way to distinguish one
from the other. When a solution of
amino acids is interposed in a beam of
polarized light, it will rotate the plane of
polarization either to the right or to the
left [see diagrams at top of page 178]
Though amino acids may exist in both
forms, only left-handed units, thanks to
some accident in the chemical phase of
evolution, are found in proteins. We
used only the left-handed forms, of
course, in the synthesis of our polypep-
tide chains.

Now what about the change in opti-
cal rotation that occurs when a protein
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is denatured? We knew that native pro-
tein rotates the plane of the light 30 to
60 degrees to the left, denatured protein
100 degrees or more to the left. If there
was some helical structure in the pro-
tein, we surmised, this shift in rotation
might be induced by the disappearance
of the helical structure in the denatura-
tion process. There was reason to believe
that the helix, which has to be either left-

handed or right-handed, would have
optical activity. Further, although it ap-
peared possible for the helix to be wound
either way, there were grounds for as-
suming that nature had chosen to make
all of its helixes one way or the other. If
it had not, the left-handed and right-
handed helixes would mutually cancel
out their respective optical rotations.
The change in the optical rotation of

proteins with denaturation would then
have some other explanation entirely,
and we would have to invent another
way to look for helixes.

To test our surmise we measured the
optical rotation of the synthetic poly-
peptides. In the random coil state the
polypeptides made an excellent fit with
the denatured proteins, rotating the light
100 degrees to the left. The rotations in

ALPHA HELIX gives a polypeptide chain a linear structure shown
here in three-dimensional perspective. The atoms in the repeating

unit (CCONHC) lie in a plane; the change in angle between
one unit and the next occurs at the carbon to which the side group

BETA CONFIGURATION ties two or more polypeptide chains to

one another in crystalline structures. Here the hydrogen bonds do

RANDOM CHAIN is the configuration assumed by the polypep-
tide molecule in solution, when hydrogen bonds are not formed.
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not contribute to the internal organization of the chain, as in the
alpha helix, but link the hydrogen atoms of one chain to the oxygen

The flat configuration of the repeating unit remains, but the chain
rotates about the carbon atoms to which the side groups are at-



both cases clearly arose from the same
cause: the asymmetry of the amino acid
units. In the alpha helix configuration
the polypeptides showed almost no rota-
tion or none at all. It was evident that
the presence of the alpha helix caused a
counter-rotation to the right which near-
ly canceled out the leftward rotation of
the amino acid units. The native proteins
also had shown evidence of such coun-

ter-rotation to the right. The alpha con-
figuration did not completely cancel the
leftward rotation of the amino acid units,
but this was consistent with the expec-
tation that the protein structures would
be helical only in part. The experiment
thus strongly indicated the presence of
the alpha helix in the structure of globu-
lar proteins in solution. It also, incident-
ally, seemed to settle the question of

nature’s choice of symmetry in the alpha
helix: it must be right-handed.

When so much hangs on the findings
of one set of experiments, it is well to
double check them by observations of
another kind. We are indebted to Wil-
liam Moffitt, a theoretical chemist at
Harvard, for conceiving of the experi-
ment that provided the necessary con-
firmation. It is based upon another as-

(R) is attached. The helix is held rigid by the hydrogen bond
(broken black lines) between the hydrogen attached to the nitro-

gen in one group and the oxygen attached to a carbon three groups
along the chain. The colored line traces the turns of the helix.

atoms in the adjoining chain. The beta eonfiguration is found in
silk and a few other fibers. It is also thought that polypeptide

chains in muscle and other contractile fibers may make reversible
transitions from alpha helix to beta configuration when in action.

tached. The random chain may be formed from an alpha helix
when hydrogen bonds are disrupted in solution. A polypeptide
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chain may make a reversible transition from alpha helix to ran-
dom chain, depending upon the acid-base balance of the solution.
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OPTICAL ROTATION is induced in a beam of polarized light by
molecules having certain types of structural asymmetry. At top a
beam of light is polarized in the vertical plane and transmitted
unchanged through a neutral solution. At bottom asymmetrical

pect of the optical rotation effect. For a
given substance, rotation varies with the
wavelength of the light; the rotations of
most substances vary in the same way.
Moffitt predicted that the presence of
the alpha helix in a substance would
cause its rotation to vary in a different
way. His prediction was sustained by
observation: randomly coiled polypep-
tides showed a normal variation while
the helical showed abnormal. Denatured
and native proteins showed the same
contrast. With the two sets of experi-
ments in such good agreement, we could

conclude with confidence that the alpha
helix has a significant place in the struc-
ture of globular proteins. Those amino
acid units that are not involved in helical
configurations are weakly bonded to
each other or to water molecules, prob-
ably in a unique but not regular or per-
iodic fashion. Like synthetic high-poly-
mers, proteins are partly crystalline and
partly amorphous in structure.

The optical rotation experiments also
* provided a scale for estimating the
helical content of protein. The measure-

molecules in the solution cause the beam to rotate from the ver-
tical plane. The degree of rotation may be determined by turning
the second polarizing filter (right) to the point at which it cuts
off the beam. The alpha helix in a molecule causes such rotation.

ments indicate that, in neutral solutions,
the helical structure applies to 15 per
cent of the amino acid units in ribonu-
clease, 50 per cent of the units in serum
albumin and 85 per cent in tropomyosin.
With the addition of denaturing agents
to the solution, the helical content in
each case can be reduced to zero. In
some proteins the transition is abrupt, as
it is in the synthetic polypeptides. On
the other hand, by the use of certain
solvents we have been able to increase
the helical content of some proteins—in
the case of ribonuclease from 15 to 70

COLLAGEN MOLECULE is a triple helix. The colored broken

line indicates hydrogen bonds between glycine units. The black
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broken lines indicate hydrogen bonds which link hydroxyproline
units and give greater stability to collagens in which they are found.



MIRACLE
IN
MINIATURE

Observation and control of am-

phibious and airborne landings. test performance.

Close observation of jet or piston engine

Observation of danger areas,
where exposure would involve
danger to personnel.

Surveillance of assembly
areas and movements
of forces.

Brand new! RCA ‘“‘Telemite’ (model JTV-1) a 1-pound
ultra-miniature television camera, makes possible direct
observation of sites and events never before accessible by TV

It fits lightly into the hand; it can be carried in a
pocket; it weighs about a pound; it will go places too
small for ordinary cameras, too dangerous for man; it
will observe without being conspicuous; it may be
mounted on a tripod, fastened to wall or bulkhead,
hand-held by a pistol grip. Size: 176"’ x 238"’ x 434"".

By means of a transistorized circuit and the new RCA
half-inch Vidicon, the “Telemite” actually surpasses

Tmk(s) ®

standard Vidicon-type industrial TV cameras in sensi-
tivity. It produces clear, contrasty pictures with a
scene illumination of 10-foot candles or less.

The “Telemite’ operates with up to 200 feet of cable
between it and the control monitor, and this distance
can be further extended by using a repeater amplifier.
This is the first TV camera to employ photoelectric
sensitivity control, which provides automatic adapta-
tion to widely varying scene illumination.

DEFENSE ELECTRONIC PRODUCTS

RADIO CORPORATION of AMERICA

CAMDEN, N.J.
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CLOSED CIRCUIT
TV SYSTEMS

from standard accessories

I

| INDUSTRIAL TV CAMERA WITH RE-

' MOTELY CONTROLLED PAN-TILT
AND IRIS-FOCUS UNITS.
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KIN TEL'S exceptionally complete line
of wired, closed-circuit TV equipment
can provide the ideal combination of
items for any job. Production line sut-
veillance, data transmission, in-plant
training, hazardous area observation,
and hundreds of other diverse, success-
ful installations illustrate the versatility
of KIN TEL Industrial Television. New
ruggedized equipment is especially de-
signed for the high noise and shock of
rocket and jet engine test facilities.

Write for literature and demonstration
today. Representatives in all major cities

“‘“n
S7285 KEARNY VILLA RD.

(RAY LaB) SAN DIEGO 11, CALIFORNIA
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per cent. As in the polypeptides, the
transition from helix to random coil is
reversible. The percentage of helical
structure in proteins is thus clearly a
variable. In their natural environment,
it appears, the percentage at any given
time represents the equilibrium between
the inherent stability of the helix and the
tendency of water to break it down.

In a number of enzymes we have been
able to show that biological activity falls
off and increases with helical content.
Denaturation is now clearly identified
with breakdown of configuration, cer-
tainly insofar as it involves the integrity
of the alpha helix. This is not surprising.
It is known that catalysts in general must
have rigid geometrical configurations.
The catalytic activity of an enzyme may
well require that its structure meet
similar specifications. If this is so, the
rigidity that the alpha helix imposes
on the otherwise flexible polypeptide
chain must play a decisive part in estab-
lishing the biological activity of an en-
zyme. It seems also that adjustability of
the stiffness of structure in larger or
smaller regions of the polypeptide chain
may modify the activity of proteins in
response to their environment. Among
other things, it could account for the
versatility of the gamma globulins;
without any apparent change in their
amino acid make-up, they are able
somehow to adapt themselves as anti-
bodies to a succession of different in-
fectious agents.

The next step toward a complete
anatomy of the protein molecule is to
determine which amino acid units are in
the helical and which in the nonhelical
regions. Beyond that we shall want to
know which units are near one another
as the result of folding and cross-linking,
and a myriad of other details which will
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supply the hues and colorings appro-
priate to a portrait of an entity as intri-
cate as protein. Many such details will
undoubtedly be supplied by experiments
that relate change in structure to change
in function, like those described here.

In the course of our experiments with

proteins in solution we have also
looked into the triple-strand structure
of collagen. That structure had not
yet been resolved when we began our
work, so we did not know how well it
was designed for the function it serves
in structural tissues. Collagen makes
up one third of the proteins in the body
and 5 per cent of its total weight. As
can be seen in the electron micrographs
that illustrate the article by Francis O.
Schmitt [see page 204], it occurs as tiny
fibers or fibrils with bonds that repeat
at intervals of about 700 Angstroms.
It had been known for a long time that
these fibrils could be dissolved in mild
solvents such as acetic acid and then
reconstituted, by simple precipitation,
into their original form with their band-
ings restored. This remarkable capacity
naturally suggested that the behavior of
collagen in solution was a subject worth
exploring.

Starting from the groundwork of other
investigators, Helga Boedtker and I were
able to demonstrate that the collagen
molecule is an extremely long and thin
rodlet, the most asymmetric molecule
yet isolated. A lead pencil of comparable
proportions would be a yard long. When
a solution of collagen is just slightly
warmed, these rodlets are irreversibly
broken down. The solution will gel, but
the product is gelatin, as is well known to
French chefs and commercial producers
of gelatin. The reason the dissolution
cannot be reversed was made clear when

ALPHA HELIX BREAKDOWN is induced in solutions of some polypeptides when the pH
(acidity or alkalinity) reaches a critical value at which hydrogen bonds are disrupted.
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FOR THE

NUCLEAR
PROGRAM

Several divisions of the Norton Company
are making important contributions to the
field of nuclear energy. Some of the produects
that are proving helpful in furthering
progress in nuclear energy are:

e Ceramic fuel units, from sample lots
to full core loadings.

e Reactor shield and control rod ma-
terials, particularly boron carbide, in a
wide range of special shapes.

o Metallurgical refractories for process-
ing and reprocessing nuclear fuel ma-
terials and other unusual alloys and
metals.

o Source or intermediate materials, such
as oxides or carbides, for use in produc-
ing zirconium and other materials for
reactor construction.

e Diamond cut-off wheels for dicing or
wafering — that eliminate waste and as-
sure dimensional accuracy of the costly
materials being cut.

The Norton organization includes an en-
gineering staff experienced in atomic devel-
opment — available for cooperation where
electric furnace products may be of interest.
Facilities are available for the production
of, or research in, classified items. For fur-
ther facts, write to NORTON COMPANY, 548
New Bond Street, Worcester 6, Mass.

*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries

NORTON

REFRACTORIES

Engineered... R_ ...Prescribed

Waking betfer products...
fo make your products betfer

NORTON PRODUCTS
Abrasives ¢ Grinding Wheels
Grinding Machines ¢ Refractories
BEHR-MANNING DIVISION
Coated Abrasives » Sharpening Stones « Behr-cat Tapes

Ceramic Fuel Pellets For Nuclear Reactors. Those illustrated are of a thorium-
uranium oxide mixture, They are typical of the ceramic fuel element components
available in a wide range of compositions made to exact specifications.

These Reactor Parts Are Made Of Boron Carbide, known as NORBIDE*
— a hard, stable, lightweight material. They absorb neutrons without becoming
radioactive. Besides the shields and other structural parts shown, Norton boron
carbide may be molded into control rods, tubes, discs, segments, etc.

High Purity Refractories Vital To Metallurgy include crucibles, made of
MAGNORITE* pure magnesia, zirconia and thoria, svitable for melting uranium,
plutonium, thorium, etc. A special Norton laboratory devoted exclusively to nuclear
problems is developing other unique ceramics for the atomic program.
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“KENTANIUM®

o CONTINUOUS
2200 F  OPERATING
TEMPERATURES
5000°F LIMITED
EXPOSURE

If any of your designs are grounded
because your temperatures are too high
for your materials—Kentanium may
be just what you need.

Kentanium is the name of a family
of Titanium Carbides, developed by
Kennametal Inc. It is molded from
powders into many forms, retains
strength and structural integrity at
elevated temperatures, and possesses
unusual resistance to thermal shock.

Engineers have reported successful
use at continuous operating tempera-
tures up to 2200°F, and under inter-
mittent exposures up to 5000°F, where
oxidizing atmospheres were combined
with abrasion, and the parts were under
compressive or tensile loading.

Many grades of this lightweight,
exceptionally pure titanium carbide
have been developed for various re-
quirements. Kentanium can be ex-
truded and molded into many forms,
eliminating difficult machining. More
intricate forms are readily machined
from pressed slugs. Precise dimensional
tolerances are attained by grinding
after forms are sintered.

Kentanium is presently serving in
bearings, thrust runners and other parts
in pumps for handling high temperature
liquid metals; blades, wheels, nozzle
vanes, and temperature sensing ele-
ments for gas turbines and jet engines;
bushings, seals and bearings (unlubri-
cated); and other applications at high
temperatures. Added information is
offered in our bulletin “Kentanium.”
Send for it . . . and ask Kennametal
engineers for added help if you need it
to adapt Kentanium to your specific
problem. Write KENNAMETAL INC.,
Dept. SA, Latrobe, Pennsylvania.
*Kentanium and Kennametal are the trademarks
of a series of hard carbide alloys of tungsten,
tungsten-titanium and tantalum.
DUSTRY AND

KENNAMETAL

Poitrons in Drogress |

c-3052

ASYMMETRY of a helix is either left-hand-
ed (left) or right-handed. Helix in proteins
to be exclusively right-handed.

appears

we found that the molecules in the
warmed-up solution had a weight about
one third that of collagen. It appeared
that the big molecule of collagen had
broken down into three polypeptide
chains.

At about the same time Ramachan-
dran proposed the three-strand helix as
the collagen structure. Not long after-
ward F. H. C. Crick and Alexander Rich
at the University of Cambridge and
Pauline M. Cowan and her collaborators
at King’s College, London, worked out
the structure in detail. It consists of three
polypeptide chains, each incorporating
three different amino acid units—pro-
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COMPLETE YOUR
DATA FILES

$-200 ReVIEW OF AIR GAGING

In‘‘ A Review of Pneumatic Dimensional Gages, Louis
Polk, chairman and president of The Sheffield Cor-
portmon describes the different types of air gages,
their applications and uses. Amply illustrated with
schematic drawings of pneumatic circuitry and photo-
graphs of multiple-dimension and automatic air gages.
Contains selective bibliography on air gaging. 24 pages.

S$-201 THEORY OF GAGING

Reprint from an address before the American Society
of Mechanical Engineers, this six page technical paper
reviews the operating principles of several types of
mechanical, electrical, electronic and pneumatic gages.
Many schematic drawmgs

§-204 MEASUREMENT STANDARDS

LABORATORY

This pocket-size booklet describes the construction,
inspection environment, and instrumentation in
Sheffield’s newly opened laboratory for precision
measurement. Lists the types of Measurement and
Inspection services available to Industry including
Gage Block and End Measure Calibration, Hardness
Testing, and Surface Finish Analysis.

S$-205 AUTOMATION CATALOG

Twelve page, easy-to-read catalog containing applica-
tion and engineering data on standard Sheffield control
units for automatic machine control, gaging, classifying,
and segregating processes. Many photographs and
diagrams of typical automated production processes.

S-208 NON-CONTACT GAGING

A 16-page catalog describing the Sheffield** Measuray’’—
a non-contact X-Ray gage for continuous or inter-
mittent measurement of strip or sheet stock while in
motion or stationary—hot or cold. Contains models and
capacity ranges as well as types of materials on which
it can be used.

S-211 AIR GAGING JET ENGINE BLADES
AND BUCKETS

The critical dimensions and conditions of jet engine
blades or buckets and how they are gaged quickly and
accurately with Sheffield Precisionaire gages are de-
scribed in this 28-page catalog.

S§-216 CRUSHTRUE WHEEL DRESSING
PROCESS

‘What Crushtruing is and how it can be used is told in
this 12-page catalog. Contains types and sizes of Crush-
true devices available for both surface and cylindrical
grinders, and information on their selection. Many
case histories and illustrations.

S$-219 MULTI-FORM GRINDING

An 8-page catalog covering machine features and speci-
fications of new model 180 Grinder. This machine uses a
4”7 wide Crushtrue dressed wheel and will grind work
up to 10” in diameter and will accommodate a work-
part 24” long. Features automatic grinding and gag-
ing, automatic Crushtruing and automatic compensa-
tion for wheel wear after dressmg

§-225 ULTRASONIC MACHINING

A 16-page booklet describing the techniques, advan-
tages, uses and machines for ultrasonic machining of
hard materials such as carbides, glass, and ceramics.

S-226 AUTOMATIC WELDING MACHINES
A 4-page Engineering Data Sheet describing both
Point and Disk type welding machines that are used for
automatic welding of point and disk shape contacts
of precious and semi- -precious metals to small contact
arms, leaf springs, and instrument components. Ex-
amples of metals that can be welded are gold, silver,
platinum, palladium, and iridium.

S-231 ELECTRONIC GAGE BLOCK

COMPARATOR
Engineering Data Sheet covering the Sheffield Elec-
tronic Gage Block Comparator that is used to calibrate
gage blocks to reference masters to a certified accuracy
of several millionths of an inch. Available with dual
amplifications of 50,000/200,000, 10,000/100,000 or
10,000/20,000 to 1.

§-235 DIMENSIONAL CONTROL AND

GAGING POLICY

A 40-page booklet containing important information
for inspection ;lyersonnel on gages and % ging ollcy.
gagemakers' tolerances, unilateral and 1latera gage
tolerances. and the care, control and use of gages. Also,
included are diagrams and charts on Unified and
American Standard Screw Threads.

§-236 TEXTILE FIBER MEASUREMENT

A 36-page bulletin describing the advantages and
world wide use of the Sheffield Micronaire in all seg-
ments of the cotton and textile industry.

S§-237 PAPER SMOOTHNESS TESTING

A 6-page Engineering Data Sheet describing the Paper
Smoothness Gage, its function and method of operation.

S-238 PRODUCTIVITY ANALYZER

A 4-page Engineering Data Sheet describing the
Sheffield Monitorecord, a device that provides a printed
time graph of each element of the cycle of an auto-
mated machine in order to reveal timing errors which
reduce productivity

In requesting the bulletins you want, give
your company affiliation and position.
Write to Dept. 112.

THE SHEFFIELD CORPORATION
Dayton 1, Ohio, U. S. A.
7843
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AMF

Research, Development,
Production in these fields:
® Armament

® Ballistics

® Radar Antennae

® Guided Missile

Support Equipment

® Auxiliary Power Supplies
® Control Systems

Pick a program... you'll find
has missile experience you can use

In program after program, including each of those above, AMF has played or is
playing an important role. A component supplier in some, a system developer in
others, AMF knows the missile business first-hand. e AMF contributions to the
nation’s missile programs include test and check-out systems, handling and launch-
ing equipment, on-site missile storage facilities, accessory power supplies. ¢ See for
yourself why AMF’s widely diversified background plus its up-to-the-minute missile

activities add up to “experience you can use”.

Another @ Product

Defense Products Group
DEREEUL“T 55 |3 AMERICAN MACHINE & FOUNDRY COMPANY
1101 North Royal Street, Alexandria, Va.
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Indox ceramic
magnets bring

D C motor design
breakthrough

184

Demagnetization curves of Alnico V
top, Indox | bottom, showing why
3rd quadrant operation with nega-
tive magnetlic induction can use
only Indox I.

Q. Why are Alnico magnets
used only for small d.c. motors?
A. Price per unit of usable mag-
netic energy dictates size limit
and Alnico contains expensive
raw materials. This is less sig-
nificant for small magnets.

Q. How can Indox I, with only
1/5 the energy product (BHmax)
of Alnico V, be used for d.c.
motor fields?

A. BHmax is a good criterion
only for static magnetic circuits.
In motors with strong demag-
netizing fields, BHmax is not
important. Here the usable
energy is determined by the in-
cremental permeability and the
negative field which can be ap-
plied to the material without
permanent loss. Indox may be
used in fields up to —2900 oer-
steds, that is in the third quad-
rant of the hysteresis loop, while
Alnico V will be completely de-
magnetized at — 600 oersteds.

Q. How does Indox V compare
with Indox I and Alnico V?

A. Indox V is the strongest
ceramic magnet material avail-
able today. It is suitable for
almost all motors above 1/25
hp, but not for tiny toy motors.
Q. What are size limitations?
A. Indox I is suitable for the
smallest possible motors up to
about 1/5 hp. Indox V can be
applied to much larger motors,

Write for the July-September
issue of Applied Magnetics for a
complete discussion of the sub-
ject. Write to Dept. J-9.

THE INDIANA

STEEL PRODUCTS COMPANY
VALPARAISO, INDIANA

INDIANA

PERMANENT
MAGNETS

World's largest manufacturer
of permanent magnets
IN CANADA:

The Indiana Steel Products Company
of Canada Limited, Kitchener, Ontario

line, hvdroxyproline and glvcine. The
key to the design is the occurrence of
glycine, the smallest amino acid unit, at
every third position on each chain. This
makes it possible for the bulky proline
or hydroxyproline groups to fit into the
links of the triple strand, two of these
nesting in each link with the smaller
glvcine unit [see diagram on page 178].

One question, however, was left open
in the original model. Hydroxyproline
has surplus hydrogen bonds, which, the
model showed, might be employed to
reinforce the molecule itself or to tie it
more firmly to neighboring molecules in
a fibril. Independent evidence seemed
to favor the second possibility. Collagen
in the skin is irreversibly broken down
in a first degree burn, for example, at a
temperature of about 145 degrees Fahr-
enheit. This is about 60 degrees higher
than the dissolution temperature of the
collagen molecule in solution. The ob-
vious inference was that hydroxyproline
lends its additional bonding power to the
tissue structure. Moreover, tissues with
a high hydroxyproline content withstand
higher temperatures than those with
lower; the skin of codfish, with a low
hydroxyproline content, shrivels up at
about 100 degrees. Tomio Nishihara in
our laboratory has compared the break-
down temperatures of collagen mole-
cules and tissues from various species
and found that the tissue temperature is
uniformly about 60 degrees higher. Thus
we must conclude that the extra stability
conferred by hydroxyproline goes di-
rectly to the molecule and not to the
fibril.

The structure of collagen demon-
strates three levels in the adaptation of
polypeptide chains to fit the require-
ments of function. First there are the
chains as found in gelatin, with their
three amino acids lined up in just the
right sequence. These randomly coiled
and quite soluble molecules are trans-
formed into relatively insoluble, girder-
like building units when united into sets
of three by hydrogen bonds. The sub-
tly fashioned collagen molecules are still
too fragile to withstand body tempera-
tures. When arranged side by side, how-
ever, they form a crystalline structure
which resists comparatively high tem-
peratures and has fiber-like qualities
with the vast range of strengths and tex-
tures required in the different types of
tissues that are made of collagen.

The story of collagen, like that of
other proteins, is still far from complete.
But it now seems that it will rank among
the first proteins whose molecular struc-
ture has been clearly discerned and re-

lated in detail to the functions it serves. |
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Now available
to help you

INDUSTRY'S
MOST COMPLETE
RESISTANGE WELDING
APPLICATION
RESEARGH FACILITIES

In response to industry’s rapidly
growing interest in resistance weld-
ing, the facilities of the Sciaky Re-
search Division have been made
available for contract research in
the application of resistance welding.

These facilities include an experi-
enced engineering staff, a complete
range of the most advanced resist-
ance welding machines including the
largest spot welder in the world and
a laboratory equipped for metal-
lography, chemistry, electronics,
photography and testing as applied
to resistance welding.

Typical projects include: Coordi-
nation of design and production for
resistance welding; research on the
weldability of new metals; investi-
gation of weldability and pilot run
of new product; research to develop
data for roll spot welding heavy
gauges of aluminum.

If you have a fastening require-
ment, here is the place to determine
objectively the feasibility of resist-
ance welding. Send an outline of
your problems and ask for the 20-
page Research Division brochure.
Sciaky Bros., Inc., 4938 W. 67th St.,
Chicago 38, Ill., POrtsmouth 7-5600.

The Sciaky Research Division is housed in this mod-
ern 15,000 sq. ft. building devoted exclusively to re-
search in the application of resistance welding.

Helps Put Profit
Into Manufacturing



PPLIE
RYOGENICS. ..

a new process environment

Strange things happen to gases, liquids and solids at
the low end of the temperature scale. Many tech-
niques long used at normal process temperatures
serve with surprisingly effective results at extremely
low temperatures. Heat- and mass-transfer purifica-
tion processes, mechanical separations, stabilization
of highly reactive chemicals and transport of lique-
fied gases are among the current list of profitable
cryogenic applications . . . and the end of new pos-
sibilities is not in sight.

Air Products is on firm ground in this strange cold
world. Its lifelong experience in the liquefaction and
separation of gases has developed familiarity with
low temperature phenomena and established its
leadership in the field of applied eryogenics.

Steel mills, chemical plants, rocket and missile instal-
lations depend on Air Products’ equipment to provide
reliable supplies of high purity gases and liquids from
a wide variety of atmospheres and feedstocks.

Possibly some phase of this expanding technology
may be useful in your work or help you to solve a
difficult process problem. For informed assistance,
call or write Air Products, Incorporated, P.O. Box
538, Allentown, Penna.

Ao Roduicls

...INCORPORATED
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Urethane rubber mallet head is so tough it can drive
spikes through 2 x 4 without damage, yet so resilient
a similar blow will not mar a polished table top.

New Urethane Material
Combines Bounce of Rubber
With Toughness of Metal

... Gives Up To 10 Times The Wearability of Ordinary Rubber.

Resistance to high and low tem-
peratures, common solvents,
grease and oil make urethane rub-
ber a natural choice for dia-
phragms, reservoirs and pump
parts for industrial equipment.

186

An entirely new kind of rubber,
classed as a chemical elastomer, is
being evaluated as the first elastic
material that can qualify as a re-
placement for metals and plastics
in industrial uses where a high
degree of hardness must be com-
bined with good flex fatigue resist-
ance, exceptional toughness and
wearing abilities.

Urethane rubber, a high poly-
mer discovery of Farbenfabriken-
Bayer, A. G., has been brought to
the stage of commercial develop-
ment in this country by Mobay,
whichis jointly-owned by Monsanto
and Bayer. In commercial applica-
tion tests, the new material exhibits

© 1957 SCIENTIFIC AMERICAN, INC

such a broad range of desirable
engineering properties, plus unu-
sual versatility in the way such
properties as hardness and elas-
ticity can be combined, that prod-
uct engineers in many basic indus-
tries see in it the key to radical
design changes in the industrial
equipment field.

In one functional area, particu-
larly, the triumph of urethane rub-
ber over conventional rubber ma-
terials seems complete. In direct
contrast to natural and other syn-
thetic rubbers, the tear strength
and abrasion resistance of the ure-
thane product increases in almost
direct proportion to the hardness



2 SR
o

In addition to exceptional strength and abrasion re- A high degree of flexibility and extraordinary tensile
sistance, the ease of casting urethane rubber in parts strength are among properties which may be combined
with difficult undercuts, slots, inserts and threads for drive belts. Low abrasion loss,lower noise leveland
puts this material in the “work horse’’ category for high coefficient of friction are additional advantages.

designers and engineers.

factor. In controlled laboratory
tests, urethane rubber with a hard-
ness value of 78-83 Durometer
(Shore A Scale) was found to pro-
vide from three to ten times the
wear resistance of other rubber
materials in the same category.

In ordinary rubber, toughness is
increased by blending in fillers
which deaden elasticity, and by use
of reinforcing fibers which increase
costs and reduce working proper-
ties. In contrast, with urethane
rubber the molecular structure of
thematerialitselfis modified which
imparts an inherent stability to the
end product and makes precise
quality control possible.

The superiority of urethane
rubber over other types of rubber
is unmistakable . . . in rebound elas-
ticity, high and low temperature
strength, elongation, resistance to
solvents, ozone, acids and oxygen;
in electrical properties and dielec-
tric constant . . . and in other
properties of interest in specialized
manufacture.

Huge flanged coupling for ship’s drive shaft, cast of urethane rubber in one

rethane r rcan ast or . . . " N . .
Uret e rubber canbe cast o piece without reinforcement, will outwear ordinary materials many times.

machined to meet specifications for
almost any configuration or con-
tour, for such uses as oscillating
bearing surfaces, automotive sus-
pension systems, ball-joint assem-
blies, gears, grommets, vibration For further information, technical assistance and
dampening devices, tools and in-  sources of supply for urethane rubber, write to:
dustrial truck tires. Its exceptional Mobay Chemical Company, S-1, St. Louis 4, Mo.
strength and toughness make it an

alternate choice for metals, in many

cases, as well as an improvement :
over molded nylon and other rub- An associate company of Monsanto Y | () B A\/

ber materials. First in Urethane Chemistry
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NUCLEIC ACIDS

These polymers appear to carry the pattern of living matter from

one generation to the next. Their basic chain consists of sugars

joined by phosphates. Attached to the sugars, in turn, are bases

life, the nucleic acids are its blue-

prints—the molecules on which the
Secret of Life, if we may speak of such
a thing, is written. The nucleic acids oc-
cur in every living cell. It seems, accord-
ing to our best present information, that
they direct the manufacture of proteins
and hold the key to the hereditary con-
stitution of all living things. Like the
proteins, the nucleic acids are high poly-
mers, but they are polymers with a dif-
ference. If we ever achieve a complete
understanding of their construction and
behavior, we shall probably have the
answer to how nature goes about form-
ing each living organism.

In this article I shall give my own
view of the meaning of the facts learned
about the nucleic acids so far. A great
deal of work has been done on these sub-
stances, and there is considerable room
for disagreement in interpreting the find-
ings. But it is possible to form a general
theory which seems to fit most of the
known facts and serves as an attractive
working hypothesis.

There are two kinds of nucleic acid:
DNA, short for deoxyribonucleic acid,
and RNA, ribonucleic acid. DNA is al-
ways found in the nucleus of the cell,
RNA mainly in the cytoplasm outside
the nucleus. Chemically they are very
similar. Each consists of a long chain
of phosphate and sugar molecules with
small side groups (called bases) at-
tached to the sugars [see diagrams on
pages 190 and 191]. In DNA the sugar is
deoxyribose; in RNA it is a very slightly
different molecule called ribose. The two
also differ in one of the four bases at-
tached as side groups. Both contain ade-
nine, guanine and cytosine, but in the
case of DNA the fourth base is thymine,
whereas in RNA it is uracil.

The bases along the backbone of the

If proteins are the principal stuff of

188

by F. H. C. Crick

nucleic acid do not follow a regular or-
der (such as ABCDABCD and so on).
We have some reason to believe that the
sequence in each case has a particular
meaning and determines the function of
the molecule, just as the sequence of let-
ters in this sentence conveys my mean-
ing to you as you read. But more about
this later.

Electron-microscope pictures show
that pieces of DNA are long and rather
stiff, like a piece of cord. And by X-ray
analysis it has been found that DNA is
actually a double molecule, with one
chain twined around the other in helical
tashion. The bases of one chain fit neatly
onto the bases of the other. But in order
to fit, a given base on one chain must be
opposite a particular one on the other:
guanine pairs only with cytosine and
adenine only with thymine. Thus the se-
quence of bases on one chain determines
the sequence on the other.

}\,Iuch less is known about the struc-
YL ture of RNA, but some progress
has been made in creating simpler syn-
thetic analogues. One of these polymers
has only the base adenine attached to the
backbone, and is known as polyadenylic
acid—or Poly A to its friends. Under cer-
tain circumstances Poly A probably
takes the form of two chains wound
around each other, with the adenine of
one chain fitting onto the adenine of the
other. Another synthetic analogue to
RNA has been made with uracil as the
base—it is known as Poly U. When Poly
U and Poly A are put together in a solu-
tion, a remarkable combination takes
place: the two chains join in an inter-
twined helical structure like that of
DNA. It seems very likely that the struc-
ture is held together mainly by hydrogen
bonds between the adenines on one
chain and the uracils on the other. Alex-

© 1957 SCIENTIFIC AMERICAN, INC

ander Rich and his colleagues at the Na-
tional Institutes of Health in Bethesda,
Md., who deciphered this structure, have
found that in the presence of magnesium
the mixture of Poly A and Poly U seems
to form a three-chain structure, one Poly
A chain joining up with two Poly U
chains. The details of this new structure
are eagerly awaited. Other interesting
questions arise. Does Poly G (made with
guanine) pair up with Poly C (contain-
ing cytosine), as the DNA pairing would
lead us to expect? Unfortunately it seems
very difficult to produce a good Poly G,
so for the present we cannot answer this
question.

There are indications that natural
RNA consists of two chains, but it gives
rather poor X-ray pictures, suggesting an
irregular structure. Whether the dis-
order is inherent in the molecule or is
produced during the extraction of RNA
from the cell we cannot say, because we
have little information to tell us what
RNA is like inside living cells. Perhaps
in the cell it assumes an orderly and sig-
nificant configuration only when it is
combined with DNA or protein.

Some progress has recently been made
toward synthesizing the nucleic acids
with the help of enzymes extracted from
living cells. Marianne Grunberg-Manago
and Severo Ochoa at New York Univer-
sity discovered an enzyme system in cer-
tain bacteria with which they were able
to make RNA-like molecules, as well as
Poly A and Poly U. Arthur Kornberg
and his colleagues at Washington Uni-
versity in St. Louis found a different sys-
tem, also in bacteria, which produces
DNA-like material. The RNA-type poly-
mers were made from diphosphates of
the nucleotides corresponding to the
four natural bases (adenine, uracil,
guanine and cytosine). When all four
diphosphates were provided at the same
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CHROMOSOMES in these photomicrographs are in cells of broad
bean seedlings grown in an experiment by J. Herbert Taylor of
Columbia University and Philip S. Woods and Walter L. Hughes
of Brookhaven National Laboratory. The seedlings were grown in
a medium containing thymidine labeled with radioactive hydrogen
(tritium) . When the cells synthesized new chromosome material,
the DNA contained labeled thymine. The photomicrograph at up-
per left shows a single bean chromosome. The photomicrograph at
upper right shows a layer of photographic emulsion above the

« I

1

% .

same chromosome. Each dark spot in the emulsion was made by a
particle emitted in the decay of a tritium atom. After the cells had
produced one generation of labeled DNA, they were transferred
to a medium containing no radioactive thymidine. The photo-
micrograph at lower left shows several paired chromosomes in a
cell two divisions after labeling. The photomicrograph at lower
right shows a layer of photographic emulsion above the same paired
chromosomes. The spots in this photomicrograph roughly indi-
cate that only one chromosome of each pair is radioactive.

189
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BASES AND SUGARS forming the basic units of nucleic acids
are diagrammed. The D-ribose sugar is the basis of ribonucleic
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acid (RNA) and gives it its name. Deoxyribonucleic acid contains
the deoxyribose sugar. Adenine and guanine, which are found in

time, a product called Poly AUGC was
formed. This is very similar to natural
RNA, but so far has not shown any bio-
logical activity. If the sequence of the
bases in natural RNA accounts for its
biological behavior, this synthetic mate-
rial mav turn out to be “nonsense RNA.”
But then perhaps some natural RNA is

nonsense RNA. Who knows? In any
event the enzyme system that makes this
substance seems to be widelv distributed
among bacteria, and is presumably there
for some purpose.

The svstem that synthesized Korn-
berg’s DNA-type material requires the
triphosphate instead of the diphosphate

of the nucleotides, and of course deoxy-
ribose rather than ribose. The exact re-
quirements of the svstem were at first
obscure: the brilliant work of Kornberg
and his colleagues is a fine example of
biochemical order being extracted from
confusion. Two conditions appear to be
necessary. First, all four nucleotides
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NUCLEIC ACID CHAIN is made up of a backbone of sugar mole-
cules linked by phosphate groups. Each sugar link carries a side
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chain of a base like those at the top of the page. The chain above
has side chains of cytosine, thymine, adenine, thymine, cytosine and
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both DNA and RNA, are bases of the purine type. The other bases
shown are all pyrimidines. Cytosine is common to both DNA and
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RNA, but uracil is found only in RNA. In DNA thymine occurs in-

stead of uracil. The 5-methyl cytosine, found in DNA, is less common.

must be present simultaneously: if any
one is omitted, little or no synthesis takes
place. Secondly, the polymerization will
not proceed unless some natural DNA is
present as a primer. The experiment has
provoked great interest and excitement,
because these two conditions suggest the
possibility that the synthetic “DNA” is

produced by replication of the priming
DNA, rather than assembled from the
raw materials at random. It has not yet
been possible to show that the synthetic
DNA is biologically active, but every
biochemist arriving in England from the
States is eagerly asked if he knows
whether Kornberg has done this yet.

Perhaps by the time this article is pub-
lished . . .

here are many reasons to suspect that
DNA is either the genetic material of
life (what used to be called the genes)
or an important part of it. DNA is always
associated with chromosomes, and not
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guanine. It represents a fragment of a DNA molecule which consists
of thousands of sugar links with side chains in seemingly random
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order. RNA is similar except that it has ribose as the sugar instead
of deoxyribose, and uracil replaces thymine in its side chains.
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MODEL OF DNA STRUCTURE is a double helix with slanted
cross-links connecting the two chains. The nucleic acid chains
which form the helixes are identical but head in opposite direc-

tions. The cross-links (black lines) consist of complementary pairs
of side chains connected by hydrogen bonds. The broken colored
line traces the centers of the cross-links and also forms a helix.

with any other part of the cell. Each set
of chromosomes appears to have a fixed
amount of DNA. There are at least two
phenomena which give direct evidence
that DNA plavs a genetic role. Firstly, it
has been found that pure DNA extracted
from certain bacteria is capable of trans-

formed bacteria pass these properties on
to their descendants. Secondly, when a
bacterial virus infects a bacterium, it is
the virus’s DNA (not its protein) that
enters the bacterial cell, and much of
this DNA turns up in the progeny virus
produced in the cell.

DNA is genetic material. If that is the
case, our problem is to learn how DNA
reproduces itself. The double-helical
structure of DNA suggests a possible
answer, which I have discussed in a
previous article [see “The Structure of
the Hereditary Material,”

ferring some of the properties of this
strain to a related strain, and the trans-

RADIOACTIVITY OF LABELED DNA in a bacterial virus is
indicated by this “star” of tracks in a nuclear-emulsion photograph
made by Cyrus Levinthal of the Massachusetts Institute of Technol-
ogy. When bacteria infected with the virus were grown in a medium
containing radioactive phosphorus, the viruses used the radioactive
material in making new DNA. Then viruses containing radioactive
DNA were transferred to a culture of bacteria growing in a non-
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Taking all the evidence together, it is
difficult to resist the conclusion that

by F. H. C.
Crick; SciexTtiric American, October,
1954]. The basic idea is that the two
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radioactive medium. When the bacteria were broken open by the
virus infection, their contents were mixed with the photographic
emulsion. Each track in the developed emulsion is made by a par-
ticle emitted in the decay of a phosphorus atom; the number of
tracks is proportional to the amount of radioactive phosphorus in
the virus. Thus it is possible to trace how the phosphorus in the
DNA of first generation of viruses is distributed in later generations.
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chains of the DNA, which fit together as
a hand fits into a glove, are separated in
some way and the hand then acts as a
mold for formation of a new glove while
the glove acts as a mold for a new hand.
Thus we finish up with two gloved hands
where we had only one before. In chemi-
cal terms we imagine that monomers
supplied by the cell align themselves

along the mold chain with complemen-
tary bases pairing up.

There is experimental evidence which
gives some support to this idea. Cyrus
Levinthal at the University of Michigan
studied the DNA of a bacterial virus
(called T2) by a special radioactive
tracer method. He discovered that the
DNA of the virus is not all in one piece—

i.e., it is an aggregation of DNA mole-
cules of different sizes. In each virus
there is one “big piece” with.a molecular
weight of about 42 million, and the rest
are considerably smaller. Levinthal con-
centrated on this big piece and followed
it through the reproduction of the virus.
He found that after it had been labeled
with radioactivity (by growing the virus
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BASES OF ADJACENT DNA CHAINS can only be linked when

they are paired as indicated in this diagram. The base guanine
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pairs with cytosine;
bases is linked in tv
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the base adenine, with thymine. Each pair of
vo places by hydrogen bonds (broken lines).
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Then you’re thinking about cata-
lysts . . . and some of the world’s
most useful catalysts are vanadium
chemicals.

Since 1870, the potency of vanadium
as an oxidation catalyst has been
recognized. Today, vanadium finds
wide application in both inorganic
and organic chemistry. Many of the
intermediates employed in the pro-
duction of polymeric compounds so
important to modern manufacturing
and living depend on vanadium in
their synthesis.

Vanadium Corporation of America
— a leading producer of vanadium
chemicals and alloys, as well as other
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stantly explores new possibilities for
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POSSIBLE REPLICATION MECHANISM of DNA is outlined. Two linked chains (1)
come apart (2). Monomers then assemble along each chain (3). The result is two pairs
of linked chains whose bases (black squares) have the same sequence as those of the orig-
inal pair. The bases are labeled: A, adenine; C, cytosine; T, thymine; and G, guanine.
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in a medium containing radioactive
phosphorus) its radioactivity dropped to
one half in the virus progeny produced
later in a nonradioactive medium. Pre-
sumably this means that the big piece
now was composed of two parts—half
radioactive DNA from the parent, and
half newly synthesized, nonradioactive
DNA. When these progeny reproduced
themselves in a nonradioactive medium,
some of them again had DNA of the
same composition—apparently half origi-
nal and half new.

It is very tempting to construe this as
evidence for the hand-glove hypothesis
of the replication of DNA: that is to say,
to suppose that the radioactivity repre-
sents a chain (hand or glove) which
acted as the mold and the other half
represents the new chain molded on this.
We can suppose further that the big
piece is the part of the DNA which car-
ries the virus’s genes. But these are as yet
only assumptions. All we can say is that
the experiments do seem to bear out the
idea that DNA carries out an internal
duplication. However, I should add that
certain experimental findings by Gun-
ther S. Stent of the University of Cali-
fornia do not easily fit into this picture.

Recently J. Herbert Taylor of Colum-
bia University and his colleagues made
a similar experiment with bean seed-
lings. They grew the seedlings in a
medium containing thymidine labeled
with radioactive hydrogen (tritium),
and thus tagged the thymine of the new
DNA synthesized in the bean cells. Then
the seedlings were transferred to a non-
radioactive medium for further growth.
The beauty of bean cells for such an ex-
periment is that their chromosomes are
very large, so that under a microscope it
is possible to see their various parts and
to catch them iu the act of dividing [see
photomicrographs on page 189]. Taylor
found that after the second division of
the cells one daughter chromosome of a
pair tended to be radioactive while the
other was not (apart from secondary
complications).

This again suggests that the DNA of
chromosomes is a two-part structure.
However, neither the virus nor the bean-
cell experiment really tells us whether
the duplicating process operates at the
level of the helical chains. Further, we
still have the difficult problem of trying
to imagine what sort of mechanism the
chromosomes can employ to unwind the
two DNA chains to free them for replica-
tion.

[Xssuming that DNA does represent the
genes, how does it act to determine
the make-up of the total organism? Here
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again we have a suggestive general
theory but very few facts, although the
ones we have are interesting enough.
The theory says very simply that the
nucleic acids control the making of each
organism’s characteristic living sub-
stances—its proteins. DNA bears the
master plans, carrying them on from
generation to generation; RNA consti-
tutes the working copies used in the
actual synthesis of the proteins. This
production is controlled in a rather
straightforward way by the sequence of
bases in each nucleic acid, which de-
termines in what particular order amino
acids will be assembled in the polypep-
tide chains that make up a protein. The
order is all-important, for it governs the
character and functions of the protein.

I think it very likely that this hypoth-
esis is correct, at least in broad outline.
It makes sense of an enormous body of
biochemical facts, and it has the beauty
which we associate with simplicity and
generality. Moreover it has been a pow-
erful guide in attacking the bewildering
complexity of biological systems.

Iet us consider first the function of
<4 RNA. It is found mainly in combina-
tion with protein in particles in the cyto-
plasm of the cell. These particles are
believed to contain the templates on
which specific proteins are modeled.
The most convincing evidence that
RNA is responsible for the specific con-
struction of proteins has come from
recent work on the tobacco mosaic virus,
done mainly by Heinz Fraenkel-Conrat
and his colleagues at the University of
California and by Gerhard Schramm and
co-workers at the University of Tiibin-
gen in Germany. They have separated
the RNA from the proteins of the virus
and used the RNA, separately and in
combination with different proteins, to
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New polymers with ‘‘tailored’’ properties
are continually being created to meet new needs, new
markets. In the grafting of monomers to polymers, re-
search is being stimulated by the unusual degree of energy
control possible with ionizing radiation from scanned
electron beams.

The Van de Graaff particle accelerator is a principal source of
this controllable ionizing radiation. Powerful, efficient, and safe in
operation — the Van de Graaff is exceptionally versatile.

® It can irradiate liquids, gases, solids, powders,
and sponges.

® Processing can be handled in trays, pipes, rolls,
sheets, or bottles.

® The beam can be either scanned or concentrated.

® Voltage and current can be controlled through a
wide range, with dosage monitored automatically.

generate virus progeny. RNA alone, in-
oculated into a tobacco plant, has proved

| capable of reproducing the virus. In this

case the progeny multiplying in the in-
fected plant had the protein correspond-
ing to the virus strain from which the

RNA was taken, although the plant had
never seen this protein before. Equally
remarkable is the fact that a “mixed vi-

Typical industrial applications in which the Van de Graaff is pro-
viding useful data are: cross-linking, sterilization, pasteurization, catalysis,
radiation finishing, polymerization, vulcanization, and molecular grafting.
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rus,” made by combining the RNA of
one strain with the protein of another,
yields progeny which contain not the
new protein but the protein with which
the RNA was originally associated. In
other words, the infected plant manu-
factures a protein dictated by the RNA,
not a copy of the protein actually given
to it. This result illustrates very well a
hypothesis which my colleagues and I
call the Central Dogma: namely, that



SCHEMATIC OF AUTOMATIC PERCUSSION
WELDER USED IN PRODUCTION OF NEW RELAYS
FOR BELL TELEPHONE SWITCHING EQUIPMENT.

ma oRive— . [/
cam AT i
7

production line

A highly successful adaptation of
percussion welding is being used at
Western Electric in the manufacture of
the new wire spring relay developed
for the Bell Telephone System. The
technique is utilized as part of one of
the advanced applications of automatic
manufacture of telephone equipment.

Percussion welding, dating back to
the turn of the century, has hitherto
been little used in industry. However,
engineers at Western Electric, working
on the problem of how to produce the
relays at high speed and low cost, saw
important advantages in the method if
it could be applied successfully.

Their problem was to design a ma-
chine for automatic multiple welding
of bimetallic contact blocks to the ends
of an array of small wires extending
less than a quarter of an inch from
molded phenolic plastic. This array,
fixed in the plastic, forms a comb
which becomes the stationary contact
member of the relay.

In addition to wanting a high-speed
automatic machine that would weld
parts of unequal size and of differing
electrical and heat conductivities
Western’s engineers sought to develop
a welding component that was both
flexible and highly precise. For ex-
ample, this machine should be capable
of producing not just one type of comb
but a family of combs, varying as to
the number and type of contacts re-
quired by the code of relays into which
each is assembled. Any one of four
different contact conditions may be
required on one comb.

And because of rigid design require-
ments, precision was an essential ingre-
dient of this engineering accomplish-
ment. For example, the contact blocks
are 0.073” wide while the wires to
which they are welded have a diam-
eter of 0.040”. Moreover, all of the
contact surfaces must be located on the
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same plane within a tolerance of
+0.002".

The basic process used in the per-
cussion welding machine developed by
Western engineers is shown in the
diagram below:

VELOCITY
-—

ELECTRIC
CIRCUIT

PROPELLING
SPRING

It affords these advantages as com-
pared with other welding methods:
speed, ease of attaining proper heat
balance of mating parts, and accuracy
in locating contacts.

As it is applied in the automatic pro-
duction of relays at Western Electric’s
Hawthorne (Ill.) Works, percussion
welding consists basically of the appli-
cation of a high potential—900 to 1800
volts—across the gap between the two
parts to be welded. One of the parts—
a block of 70-30 per cent cupro-nickel
with palladium contact surfaces —is
gripped by the jaws of a gun which
moves at high speed toward the other
part—a silicon copper wire —which is
held stationary.

Contact blocks are punched from bi-
metal tapes by tools located adjacent to
each of two carriage-mounted jaws.
Transfer fingers then thrust the blocks
into the jaws. Both carriages are re-
leased by drop-off cams and the blocks
are propelled toward the wires.

Each jaw carriage is driven by a

spring exerting a force of about eight
pounds, providing velocity at impact of
about thirty inches per second. At a
certain point of separation, the airgap
breaks down and an arc is initiated.
The arc heats the abutting surfaces
before they meet, forming a thin layer
of molten metal on both surfaces. As
the parts come together, the weld is
made. Time is allowed for the weld to
set before the cam returns the carriage,
pulls the jaw off the welded contact
and positions for the next cycle.

Each cycle of the cam shaft requires
about half a second and 12 cycles are
required for welding the twenty-four
contacts on two wire combs. Each
cycle includes the feeding of the tape,
punching a part out of it, transfer of
the part to the jaws, positive seating of
the contact block in the jaw, advance
of the jaws to the drop-off point, re-
lease of the jaw carriage, its travel to
the wire end, an interval for the metal
to freeze, and return of the carriage to
the start of the stroke.

The foregoing is not so much a rare
instance of the ingenuity of Western
Electric engineering as it is typical of
our approach. Always, the question
confronting us is: what techniques,
new or old, can be adapted, modified
or invented in order to solve Western’s
basic problem of finding efficient ways
to produce constantly improved
designs of Bell telephone equipment.
Our success in this area has had a
direct bearing upon holding down the
costs of Bell telephone service while its
quality and dependability have gone up.

MANUFACTURING AND SUPPLY
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UNIT OF THE BELL SYSTEM
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being applied to the magnet wire going into
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Another TEFLON Finish formula was applied
to laminating platens in a cementing opera-
tion. Previously, these hot, high -pressure
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metals, chromium, nickel and its alloys, cop-
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It is applied like paint, then fused at ele-
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specifications by mailing the attached coupon.

TABLE 1
Film Characteristics of TEFLON Clear Finish

Power factor (60 cycles to 1 megacycle)....... 0.0008-0.007
Dielectric constant.........ccuvuuunn .

Tensile strength (in Ibs. per sq.in.).
Adhesion to metal (in Ibs. pull on a 1-inch-

wide strip) over 850-201 Primer............ 10.3
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once information (meaning here the de-
termination of a sequence of units) has
been passed into a protein molecule it
cannot get out again, either to form a
copy of the molecule or to affect the
blueprint of a nucleic acid. The idea is

" | not universally accepted, however. In

fact, Sir Macfarlane Burnet, the eminent
Australian virologist, persuasively ar-
gued another point of view in a very in-
teresting little book which he published
recently.

r]’he hemoglobin of a horse’s blood is

- not exactly the same as that of human
blood; the insulin molecule, too, differs
slightly in horses, pigs, sheep, whales
and so on. These well-known facts sug-
gest that genes control the amino acid
make-up of specific proteins—but they do
not necessarily prove it. The proof has
now been provided by my colleague
Vernon Ingram, working in the Caven-
dish Laboratory of the University of
Cambridge. He discovered that sickle
cell hemoglobin (a defect responsible
for a fatal disease) is exactly like normal
hemoglobin, as far as he can tell, except
for a single alteration: in one place
where the normal molecule has a glutam-
ic acid, the diseased hemoglobin has a
valine unit. Genetic studies have estab-
lished that this difference is due to a
single gene. It is interesting that a
change in one amino acid out of nearly
300 results in the fatal sickle cell condi-
tion, but it is even more interesting to see
that a gene can control such a small
change. Genes not only work powerfully
but they can also work delicately.

How do they manage to operate so
selectively upon the fine-structure of a
protein? The most spectacular informa-
tion on this point has recently been an-
nounced by Seymour Benzer of Purdue
University. By very elegant genetic
techniques he mapped a single “gene” of
a bacterial virus, and he was able to
distinguish more than 100 different func-
tional sites arranged in a linear order
along the length of the “gene.” Assum-
ing that genes are made of DNA, we can
perhaps trace a correspondence between
his map and the DNA molecule. Benzer
calculated that the smallest distance be-
tween sites on his genetic map would
take in just a few base-pairs along the
DNA double chain.

From every point of view biology is
getting nearer and nearer to the molec-
ular level. Here in the realm of heredity
we now find ourselves dealing with poly-
mers, and reducing the decisive controls
of life to a matter of the precise order in
which monomers are arranged in a giant
molecule.
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time be a more practical solution to your
technical problems than simply hiring
more and more engineers?

Electronic measuring equipment saves hours
and days of time by making common—and
uncommon—engineering measurements more
swiftly and accurately. These proven electronic
tools free your “pioneering” people for the
truly creative work that so directly affects your
Company’s progress. One Hewlett-Packard
instrument saves time for many men; yet
most -hp- instruments cost far less than just
the recruiting of one new engineer.

Over 130 Hewlett-Packard field engineers
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faster, more efficient engineering. A letter
from you will assure an -hp- engineer in touch
with your technical people—right now!
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developed. $650 to $1,100. Make sure your next
instrument requisition specifies -hp- equipment.
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CYANAMID—and

The modification of natural polymers and the creation
of new ones—these are the areas in which Cyanamid

@ is active in “big molecule” chemistry.
Of the Cyanamid divisions that participate in polymer chemistry,
none is centered so completely upon the practical developments

of long-chain and cross-linked molecules as the Plastics and Resins
Division. Polymers and polymer systems are offered for applications
ranging from flexible surface coatings to extra-hard molded and cast

o n th e plastics. Cyanamid’s extensive research and development in plastics
technology has resulted in the following well-known product lines:
c h ] I

MOLECULE MAINTENANCE
“Giant” long-chain and cross-linked molecules
are often subject to gradual deterioration
through the action of atmospheric oxygen and
ultraviolet light. Cyanamid has developed anti-
oxidants and ultraviolet absorbers which com-
bat these destructive influences and greatly
prolong the useful life of plastics and elastomers.

RUBBER BRAVES THE WEATHER— yet retains its appearance, strength and
flexibility through years of use thanks to highly effective antioxidants. Cyan-
amid Antioxidant 2246® and Antioxidant 425® not only satisfy oxidation-
protection requirements of all types of natural and synthetic rubbers, but
are also nondiscoloring and can be used with the whitest of rubbers.
(Organic Chemicals Division)

AN INVISIBLE SHIELD against invisible destruction —that’s the role of Cyan-
amid’s ultraviolet absorbers as they convert ultraviolet rays to harmless heat.
As a result, polymers, such as this plastic hose, retain their color, strength and
flexibility for greatl*y increased periods even through severe exposure conditions.
Cyanamid’s UV 9* Ultraviolet Absorber, for example, has greatly expanded
the application possibilities of polyvinyl chloride, polyester resins, styrene
polymers and other plastics. (New Product Development, Dept. A) #Trademark
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the world of “Big Molecules”

BeeTLE® Urea Molding Compounds
LAMINAC® Polyester Resins
RezvL® Alkyd Resins
CycoroL® Copolymer Coating Resins
CvzAc® Coating Resins
MELURAC® Melamine-Urea Adhesives
URAC® Urea Adhesives
CymEeL® Melamine Molding Compounds
and Laminating Resins
CyYMAC® Methylstyrene Molding
Compounds
(Plastics and Resins Division)

BUILDING BLOCK AND
MODIFIER for giant mole-
cules is Cyanamid’s Acrylo-
nitrile. As a building block,
it yields diverse products
such as the synthetic fibers
used in luxurious sweaters
and blankets. As a modifier,
it reacts with natural poly-
mers such as proteins,
starches and cellulose, im-
proving their physical and
chemical properties, there-
by greatly widening their
range of applications. Many
derivatives of Acrylonitrile
serve as monomers in prac-
tical applications — Acryl-
amide, for example, used in
water-sensitive polymers.

(Organic Chemicals Division)

AN INCREASINGLY POPULAR POLYMERIZATION
TECHNIQUE to build large molecules is the emulsifi-
cation of monomers in aqueous solution, permitting
rapid, controlled polymerization at moderate temper-
atures. Cyanamid’s AErosOL® Surface Active Agents
are ideal in this application, providing excellent
monomer solubilization, emulsion stability and resist-
ance of dried polymer films to water spotting.
(Industrial Chemicals Division, Dept. A)

< CYANAMID ___>

AMERICAN CYANAMID COMPANY
30 ROCKEFELLER PLAZA, NEW YORK 20.N. Y.

Helping America Make Better Use of Its Resources

For further information on these and other chemicals, call, write or wire American Cyanamid Company
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FIBRILS OF COLLAGEN, the principal protein of skin, are en- Gross of the Massachusetts General Hospital. The fibrils have been
larged 60,000 diameters in this electron micrograph made by Jerome shadowed with a heavy metal to bring out their banded structure.
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Giant Molecules in Cells and Tissues

How are protein and nucleic acid molecules organized in protoplasm?

It appears, largely on the basis of evidence supplied by the electron

microscope, that these molecules are monomers of higher polymers

he preceding two articles have de-

I scribed the elaborate construction

of two kinds of natural high poly-

mers: proteins and nucleic acids. This

article will discuss how these giant mole-

cules are organized in the cells and

tissues of living organisms. Indeed, pro-

teins and nucleic acids can be considered
monomers of larger structures.

As the preceding articles have indi-
cated, the living cell fashions relatively
simple monomers into huge molecules.
The macromolecules then organize
themselves into the exquisitely special-
ized structures of cells and tissues. This
spontaneous process apparently depends
on specific properties built into the mole-
cules.

These giant monomers may be poly-
merized in the cell where they are made,
or they may be transported in inactive
form to another part of the organism.
There they may be activated and poly-
merized as the occasion demands. For
example, the soluble protein fibrinogen
is always present in the blood, but it is
polymerized into the insoluble fibrin of a
blood clot only when bleeding must be
stopped.

The function of a natural high poly-
mer is of course reflected in its proper-
ties. The protein keratin has great tensile
strength; it forms the principal struc-
ture of hair, horn and fingernail. The
protein collagen serves a similar purpose
in skin and tendon. Elastin is a springy
protein; it occurs in ligaments and the
elastic fibers of connective tissue.

These three types of polymer are more
or less passive; others respond actively to
changes in their chemical environment.
Under the influence of such changes the
protein of muscle contracts. Contraction
is a property not only of muscle but also
of many other biological structures, from
the rapidly oscillating tail of the sperm

by Francis O. Schmitt

cell to the flowing pseudopods of the
amoeba. Indeed, contractility is an es-
sential feature of all living cells, and
probably employs a common molecular
mechanism.

The threadlike chromosomes of the
cell nucleus, made up of protein and
nucleic acid, are polymers with another
function: the maintenance of the spe-
cific linear sequence of the genes. We
should also reserve a category for natural
high polymers whose purpose is not
known. A good example is the fibrous
protein of nerve cells. These so-called
neurofibrils are very long and less than
a millionth of an inch thick. They run
through the core of all nerve fibers; in
the light microscope they are seen as
bundles of coagulated filaments. Their

presence in all nerve tissue indicates that
they must serve some function, but to
date no one has been able to show what
it might be. Considerable effort is cur-
rently being made to isolate this protein
(from the giant nerve fibers of the
squid) and to determine its composition
and function.

The idea that biological fibers are com-

posed of fibrous molecules is not new.
In the 19th century microscopists ob-
served that such fibers tended to fray
into finer fibers, and assumed that the
hierarchy continued downward in scale.
At the same time natural fibers were
analyzed with polarized light, and the
analysis indicated that their molecules
were organized in regular structures. In

MOLECULES OF COLLAGEN, enlarged 100,000 diameters, appear as long, thin threads in
this electron micrograph made by Cecil E. Hall of the Massachusetts Institute of Technology.
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HIERARCHY OF FIBERS is outlined in these drawings of collagen as seen at four differ-
ent magnifications. At top are collagen fibers in a bit of connective tissue as they appear
under the light microscope. In a light microscope of higher power a single frayed collagen
fiber is seen to consist of many fibrils (second drawing from top). Enlarged still more
with an electron microscope, the same fibrils show cross-bands and other details (third
drawing from top). X-ray diffraction methods permit even finer analyses revealing that
a single fibril is made up of parallel chains of collagen molecules (fourth drawing).
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the 1920s and 1930s polarization analy-
sis showed that the cellular fibers were
very thin. Today we know that they are
the molecules themselves; they can ac-
tually be visualized in the electron micro-
scope. Used in conjunction with X-ray
diffraction and other older methods, this
instrument has provided significant in-
formation on the molecular organization
of structures in living cells.

When a thin section of a muscle cell
is observed in the electron microscope,
it is resolved into finer fibers called
myofibrils, each of which consists of
many thin filaments. A striking feature of
the fibrils is the striations that occur reg-
ularly along their length. These cross-
bands are brought out by staining the
muscle tissue with compounds of heavy
metals, which scatter electrons more
than do the lighter elements of which
the tissue is composed. Thus the bands
are regions that combine well with the
stains. When the fibrils are shadowed
with metal so that they can be seen in
relief, adjacent bands have slightly dif-
ferent thicknesses and hence are more
visible.

The band pattern provides a kind of
molecular fingerprint by which the
protein can be identified in the electron
microscope and which provides impor-
tant clues to how giant molecules are or-
ganized into fibers. Let us consider in
detail collagen, the protein of skin and
tendon. Collagen, which is also present
in bone, teeth and loose connective
tissue, represents as much as a third of
all the protein in an animal. In compact
form such as tendon it will resist a pull
of as much as 100,000 pounds per
square inch, roughly the strength of
steel wire. Intensively studied by elec-
tron microscopists, X-ray crystallogra-
phers and chemists, it is now one of the
best-known fibrous proteins.

If we tease a bit of tendon or skin with
fine needles, or break it up in a blendor,
its fibers are split into fibrils. We can
see under the light microscope that
the fibrils have a fairly uniform width:
usually from 200 to 1,000 Angstrom
units (an Angstrom unit is a hundred
millionth of a centimeter). The fibrils
are composed of still finer strands:
protofibrils. These are thought to con-
sist of fibrous molecules strung end to
end.

When undried native collagen fibrils
are examined in the electron microscope,
they show cross-bands which repeat at
intervals of about 700 Angstroms.
Richard S. Bear of the Massachusetts
Institute of Technology has offered the
following explanation for this band-
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FIBRIL OF PARAMYOSIN, a protein from the muscle of a clam, The pattern of bands visible in the fibril repeats every 145 Ang-
is enlarged 160,000 diameters in this electron micrograph by Hall. strom units, roughly a 10th the length of the paramyosin molecule.

&

RECONSTITUTED PARAMYOSIN, i.e., paramyosin dissolved in ameters in an electron micrograph by J. W. Jacques of M.LT.
salt solution and then made to reassemble, is enlarged 67,000 di- Here the band pattern repeats every 1,600 to 1,800 Angstrom units.

LIGHT MEROMYOSIN, derived from the muscle protein myosin, by Andrew G. Szent-Gyorgyi of the Marine Biological Laboratory
is enlarged 160,000 diameters in an electron micrograph furnished in Woods Hole, Mass. The pattern repeats every 420 Angstroms.

NATIVE COLLAGEN FIBRIL has a band pattern which repeats acid and reconstituted in salt solution may also have this pattern.
at intervals of about 640 Angstroms. Collagen fibrils dissolved in The electron micrograph enlarges the fibril 170,000 diameters.

" § =
COLLAGEN RECONSTITUTED in a solution containing certain of about 2,800 Angstroms. The electron micrograph at left, made by
organic substances has a band pattern which repeats at intervals Gross, shows reconstituted fibrils with “fibrous long-spacing”;
208
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ing. The molecular chain of collagen
consists of amino acid units in specific
sequence. Thus the characteristic side
chains of the amino acids also occur in
regular sequence. When protofibrils lie
side by side, certain side chains, espe-
cially the short ones, fit together in re-
gions of relative order. The longer side
chains, on the other hand, do not fit well,
and give rise to less orderly regions. Bear
concluded that the regions of relative
disorder correspond to bands (the re-
gions which are slightly thicker and
take on more stain) ; the regions of rela-
tive order, to the space between bands
(interbands). The banding of col-
lagen would thus reflect the sequence
of amino acid units along the molecular
chains.

Now when a collagenous tissue, such
as the tendon of a rat’s tail, is placed
in dilute acid, it swells up and eventual-
ly dissolves; the resulting solution is as
clear as water but relatively viscous. The
solution can then be spun in an ultra-
centrifuge to remove the larger aggre-
gates of collagen. The molecules in the
remaining solution were measured by
Paul Doty of Harvard University, using
the methods of the physical chemist [see
article on page 90]. He determined that
they are 14 Angstroms wide and 2,900
Angstroms long. The molecules were vis-
ualized directly by Cecil E. Hall of
M.L.T., who found that their dimensions
were roughly the same [see illustration
on page 205].

The dispersed molecules can be re-
assembled into fibrils by changing the
character of the solution. The cross-
bands of the artificial fibrils can then be
studied in the electron microscope. De-
pending on the nature of the treatment,
the band patterns show considerable
variation. First, the bands may be en-
tirely absent. Second, the principal
bands may repeat about every 700 Ang-
stroms, as in the native fibril. Third, the
bands may repeat in about a third of
this distance. Fourth, they may repeat
about every 2,800 Angstroms, a distance

made by Alan J.

the micrograph at right,
Hodge at M.IT., “segment long-spacing.”
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Only the men are flying

The fact is, men beat birds at
their own game. Even when our
feathered friendsare grounded, we’re
aloft; flying ever higher, faster, safer,
further. And, unbelievable as it may
seem, more accurately.

Among the companies spear-
heading man’s conquest of the sky
are nine of the GPE Group. Their
contributions are basic—technologi-
cal bench marks such as—

e the only compass systems
that always know where north is,
whatever the plane does, wherever
it goes: Kearfott’s stable-platform
gyro compasses;

Hertner Electric

e the only simulators to meet
the need for on-the-ground training
in supersonic flight: famous Link
jet simulators;

e the only airborne navigation
systems in operational use guiding
planes automatically and with un-
precedented accuracy — anywhere,
in any weather: GPL Doppler auto-
navigators.

Inertial navigation, missile guid-
ance, photoscience, and certain nu-
clear power applications, are some
other phases of aviation in which
GPE companies are deeply and
jointly involved. And while many of

GENERAL PRECISION EQUIPMENT

the products of the GPE companies
— particularly in the field of avia-
tion—serve defense needs today, the
important scientific advances they
embody are “plowshares” for to-
morrow.

Aviation is but one industry in
which GPE companies work. A bro-
chure describing the activities of the
group is available. More than a
dozen basic industries are served by
products resulting from GPE coor-
dinated technologies and resources.

il CORPORATION

b
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man aloft

The pilot — before he set eyes on this
jet, before he set hand to the actual controls
— had already “flown” it. He learned how,
on the ground, in a Link F-102 Simulator

. . one of more than a million fliers who
have logged “Link time.” Millions more will.

Military flight and fliers benefit im-
measurably from the systems and equip-
ments developed by GPL, Kearfott, Libra-
scope and the other GPE companiesworking
in aviation. Once these classified products
are released for civilian use, everyone will
enjoy their benefits.

The coordinated resources of the
companies of the GPE Group, so ef-
fective in anticipating and meeting
the needs of flight, serve with equal
effectiveness otherindustries suchas:
Automatic Controls and Instrumentation

Chemical and Petroleum
Marine
Motion Picture and Television
Paper, Printing and Textile
Power Generation and Conversion
Steel, Mining, Transportation

For brochure describ- I '
ing the work of the |
GPE Group, write to: ]

GENERAL PRECISION EQUIPMENT
CORPORATION, 92 Gold Street,
New York 38, New York.

four times that of the normal spacing.
| This “long spacing” occurs in two forms:
| “fibrous” and “segment” [see illustrations
on pages 208 and 209].
Reflecting on these band patterns,
i Jerome Gross of the Massachusetts Gen-
eral Hospital and John H. Highberger
of the United Shoe Machinery Corpora-
| tion, working in collaboration with the
[ author, deduced that they represent dif-
ferent ways in which the collagen mole-
cules can come together under different
conditions. When the molecules are
| lined up side by side with their ends “in
| register,” their principal bands will re-
peat about every 2,800 Angstroms. In
other words, the distance between the
principal bands is about the same as the
length of the molecule. If adjacent mole-
cules are in register and pointing in the
same direction, the pattern will be of the
segment long-spacing type. If adjacent
molecules are in register but pointing in
opposite directions, the pattern will be
fibrous long-spaced. If the adjacent
molecules are pointing in the same direc-
tion, but are regularly staggered by
about a fourth of their length, they will
form bands with the native spacing of
700 Angstroms. If the ends of neighbor-
ing molecules have no orderly arrange-
ment, no bands at all are formed.
These observations will explain why
it seems likely that the organization of
protoplasm depends on highly specific
properties built into its giant monomers.
As Doty indicates in his article on pro-
teins in this issue, the collagen molecule
consists of three chains of amino acid
units wound in a helix around a common
axis. Side chains extending from this
| molecule interact with similarly placed
side chains on adjacent collagen mole-
cules. The molecules will “recognize”
each other even if much foreign material
is present.

This interaction is significantly influ-
enced by the chemical environment of
the molecules. Thus an artificial fibril
of collagen with its band pattern repeat-
ing every 2,800 Angstroms cannot be
made in a solution of pure collagen. A
second constituent, such as adenosine
triphosphate (ATP), must be added.
Presumably the ATP, by combining with
certain side chains of the collagen mole-
cule, changes the pattern of the side
chains still available for interaction with
neighboring molecules.

he cross-bands of various kinds of
muscle-protein also have been an-
alyzed, though not in such detail as
those of collagen. When the muscle that
holds shut the shell of a clam is minced

in a dilute salt solution, it breaks up into

© 1957 SCIENTIFIC AMERICAN, INC

fibrils of the protein paramyosin. In the
electron microscope the stained fibrils
have a band pattern which repeats about
every 145 Angstroms. By means of X-ray
diffraction Bear has demonstrated that a
unit five times this length also repeats
along the fibrils.

Paramyosin fibrils can be dissolved
and reconstituted so that the pattern of
their bands repeats at the length of the
paramyosin molecule. The Australian
electron microscopist Alan ]. Hodge,
working at M.L.T., has shown that this
distance is about twice the X-ray period,
or about 1,500 Angstroms. It would be
interesting to know the connection be-
tween the structure of the paramyosin
fibril and the long-lasting contraction of
the clam’s muscle.

A fast muscle of the sort that causes
the blink of an eyelid has a rather differ-
ent construction. The fibrils consist of
parallel filaments made up of at least
two kinds of protein: actin and myosin.
They are segmented into alternating
regions, in one of which the filaments are

SIDE CHAINS of collagen molecules lying
side by side may be long or short. The long
side chains sometimes end in an electrically
charged group (4 or —). The short side
chains tend to fit together in an orderly
manner; the long, to interact in a disorder-
ly manner. These disordered regions corre-
spond to the bands in electron micrographs.
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is “segment long-spaced.” If adjacent molecules point in opposite directions and are in
register (third from left), the pattern is “fibrous long-spaced.” If they point in the same
direction but are regularly staggered (fourth), the pattern repeats at a shorter interval.
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BAND PATTERNS of collagen are explained by means of a schematic collagen molecule
(upper left) marked at regions where it interacts with other collagen molecules. If adjacent
molecules point in the same direction and are in register (second from left), their pattern
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more highly organized than in the other.
Throughout both regions a finer band
pattern repeats about every 400 Ang-
stroms. The bands of isolated actin fibrils
have a similar length, as do those of light
meromyosin (a derivative of myosin).
How this length is related to the repeat-
ing pattern of the fibril and its constitu-
ent protein molecules is not yet clear.

In contractile structures other than
muscle the filaments may be specialized.
The hairlike cilia of microorganisms and
higher animals, for example, consist of
two fine filaments surrounded by nine
thicker filaments or pairs of filaments,
the whole encased in a cylindrical
sheath. It is not yet known whether such
filaments are composed, like those of
muscle,of several types of protein.

that makes contractile polymers con-
tract? We can only sketch the proc-
ess in rough outline. In the case of mus-
cle there must be a protein which forms
filaments extending the length of the
muscle. This protein transmits tension to
the connective-tissue sheath of the
muscle and thus to the tendon; it may
be actin or a complex of actin and other
proteins. In close proximity to these fila-
ments is a second set of filaments, pre-
sumably consisting primarily of myosin.
The Nobel laureate Albert Szent-
Gyorgyi and his school have shown that
muscular contraction and relaxation in-
volve a quick change in the relationship
between these two proteins. The rela-
tionship is influenced by ions of potas-
sium, sodium, calcium and magnesium,
and by the energy-rich substance ATP.
We must discover what this relationship
is if we are to understand what makes
fibrous systems contract. According to
some workers, contraction occurs when
one set of filaments slides past the other.
It is believed by others that during con-
traction a filament of one kind coils in
a helix around a filament of the other.
Whatever the mechanism, it seems
likely that it is governed by comple-
mentary patterns or chemical groups
built into both kinds of protein molecule.
This complementarity is expressed or
suppressed by the presence or absence
of substances such as ATP. The function
of ATP in turn is regulated by the en-
zyme adenosine triphosphatase (ATP-
ase), which is an integral part of the
myosin filament. This enzyme is local-
ized in such a way that it can act on ATP
only at one specific moment during the
cycle of contraction and relaxation.
Another example of this subtle inter-
action between specific natural polymers
and their chemical environment is the
fibrinogen-fibrin system of blood clot-
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Two ways to look at an earthquake

Here are two photographs made on Du Pont paper.

Above is a seismic trace made on Du Pont Seismo-Writ
photorecording paper. The second line from the top re-
cords the San Francisco earthquake of March 22, 1957,
It registered a magnitude of 5.3 on the Richter scale.

Below the trace is a news photo printed on DuPont
“Velour Black” photographic paper. This shot was taken
during the quake on the Coast Highway about 10 miles
south of San Francisco. It was flashed to newspapers
coast to coast by wire service circuits.
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ting. When measured in solution, fibrino-
gen molecules are about 40 Angstroms
in diameter and 550 Angstroms long.
In the electron microscope they are
about 400 Angstroms long and consist
of three spheres, each 30 to 40 Ang-
stroms in diameter, joined by a delicate
thread [see illustration at left].

When blood clots, a peptide segment
is split out of the fibrinogen molecules.
The molecules are thus activated and
combine to form a so-called intermediate
polymer, the length of which is 4,000 to
5,000 Angstroms. The intermediate
polymers, which have been observed in
the electron microscope by B. M. Siegel
of Cornell University, now come togeth-
er to form fibrils of the insoluble protein
fibrin. These fibrils prevent bleeding by
MOLECULES OF FIBRINOGEN are enlarged 130,000 diameters in this electron micrograph  clogging the broken blood vessels. In the
by Hall. Each of the molecules consists of three tiny spheres joined by a fine thread. electron microscope the fibrils of fibrin
have a band pattern which repeats every
235 Angstroms. This distance is not
g clearly related to the length of the fibrin-
Wy - : ogen molecule. John D. Ferry of the

' # : University of Wisconsin has suggested
that the bands may be related to activat-
ed fibrinogen molecules which are lined
up side by side but staggered.

The mechanism by which soluble
fibrinogen is activated and converted
into the intermediate polymer is ex-
tremely complicated. Like the contrac-
tion of muscle, it involves not only the
interacting protein molecules but also
ions, enzymes and other substances.
Some of these facilitate the reaction;
others inhibit it. Only by such delicate
feed-back mechanisms can the organism
maintain high-polymer systems which
go into action when they are needed but
FIBRIL OF FIBRIN, the insoluble protein made up of fibrinogen, is enlarged 180,000 diam- remain inactive when they are not.
eters in this electron micrograph by Hall. Its band pattern repeats every 235 Angstroms.

7e now come to the most remark-
able high-polymer system of all.
This is the system that enables the or-
ganism to reproduce itself: the nucleic
acid and protein of the chromosomes.

The structure of chromosomes has
been studied intensively and fruitfully
under the light microscope, but reliable
information about their molecular or-
ganization is scanty. In the electron mi-
croscope chromosomes of many kinds
appear to have the same basic struc-
ture: a relatively dense, smooth-edged
filament from 100 to 200 Angstroms
wide. On this scale no bands or dis-
continuities are apparent.

This lack of bands or discontinuities
does not mean that the chromosome
threads are not made up of long mole-
cules which specifically interact with
one another. It is due to the fact that
NERVE FILAMENTS are enlarged 26,000 diameters in this electron micrograph by Myles nucleic acid molecules, unlike protein
Maxfield of M.I.T. Filaments of this kind are found in the central core of all nerve fibers. molecules, have no long side chains
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V4, V2 and 1-second re-
corders speed research
and test projects by pre-
serving accurate data.

Measure rapidly changing
variables with £/actrnonik

fast speed recorders

Its high-speed recording makes the ElectroniK instrument ideal for
accurately measuring split-second changes in many types of
variables. Three models are available, with pens which traverse
the full 11-inch width of the chart in 14, 14 or 1 second.

ElectroniK fast speed recorders combine the accuracy and depend-
ability of standard ElectroniK instruments with special pens,
specially geared motors and high powered amplifiers . . . to give
precise, complete records.

You’ll find these recorders particularly valuable in rocket or guided
missile testing, spectography and other analyses, and jet engine
development. Use them to measure thrust, torque, strain, tem-
perature, pressure, fuel and air flows, and other rapidly changing
variables requiring continuous, accurate recording.

Get complete details from your nearby Honeywell field engineer.
He’s as near as your phone.

MiNNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division,
Wayne and Windrim Avenues, Philadelphia 44, Pa.

Honeywell
. Tt e Coitieli
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which, by interacting with the side
chains of neighboring molecules, can
form bands. It is well known, however,
that under the light microscope the giant
chromosomes in the salivary gland of the
fruit fly have pronounced bands. The
darker bands represent regions in which
the ratio of DNA to protein is high;
the lighter bands, regions in which the
ratio is low. From this it is obvious that
the position of the DNA and protein
molecules is precisely determined. What
is perhaps more to the point, geneticists
have related the hereditary traits of
the fruit fly and other insects to specific
segments of their chromosomes.

I should like to suggest that the les-
sons learned from the organization of a
protein such as collagen can be applied
profitably to the study of the chromo-
some and the gene. Let us for the mo-
ment neglect the internal structure of
DNA and its protein partners in the
chromosome, and merely make some
reasonable deductions from other facts.

First, DNA can be dissolved out of
the nucleus of the cell by salt solution.
This is a very weak chemical treatment,
yet it effectively breaks the bonds that
link DNA molecules to protein molecules

GIANT CHROMOSOMES of the fruit fly Drosophila are enlarged 500 diameters in this and to one another. The fac.t that thes.e
light-microscope photograph made by Herman W. Lewis of M.I.T. Cross-bands are visible. bonds can be broken so easily makes it
seem rather unlikely that, in its replica-

tion and in exerting its biochemical ef-
fects, the chromosome is an indivisible
unit with all its macromolecules in an
unchanging array.

An alternative is that the genetic spe-
cificity resides ultimately in the individu-
al giant molecules of the chromosomes
and determines the manner in which
they interact. Since DNA molecules pre-
serve their chemical pattern from one
generation to the next, they must be
capable of precise replication. If they
can perform such a difficult feat, they
may also be capable of highly specific
interactions with other kinds of DNA
molecules and with protein molecules.
Thus they might spontaneously aggre-
gate into the specific patterns character-
istic of native chromosomes.

In this picture the chromosome is an
aggregation of DNA and protein mole-
cules which is stable in a particular
chemical environment in the nucleus of
the cell. A change in this immediate en-
vironment may alter not only the struc-
tural relationship of the molecules but
also their biochemical and genetic activi-
ty. These possibilities are now being in-
vestigated in our laboratory at M.IT. by
applying the techniques used in the
study of collagen to DNA, to the protein
MOLECULES OF DNA are enlarged 100,000 diameters in this electron micrograph made by ~ of chromosomes and to the giant banded
Hall. The material for the micrograph was extracted from the sperm cells of the salmon. chromosomes of fruit flies.
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— ¢
Throughout the world

...free men recognize the United States Air Force

as a symbol of security, a guardian of liberty.
This evident achievement of its purpose, as well as its
technical proficiency, is a fair measure of effectiveness
of our Air Force in its Golden Anniversary year.

Progress /s Ouvr Mest Imporfant Prodvet
GENERAL (% ELECTRIC

DEFENSE ELECTRONICS DIVISION
HEAVY MILITARY ELECTRONIC EQUIPMENT DEPARTMENT + SYRACUSE, N. Y.
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HERE'S HOW YOU CAN USE
SNELL'S SCIENTIFIC MANPOWER
TO BUILD TOMORROW’S PROFITS

By 1960, at least 10% of total manufacturer’s sales are expected to be

in products not known in 1956%.

Will 10% of your company’s sales be accounted for by new products?
... or are you neglecting to do what is necessary zow to keep up with
this trend? Are you saying to yourself: “I can’t do it because of the
shortage of scientific manpower.” #From McGraw-Hill's 10th Annval Survey of Business’ Plans.

DON’'T LET THE SHORTAGE HOLD YOU BACK

In these days when the need for research know-how
exceeds the trained-brains supply, your needs are met
most easily and economically by a concentrated team
of practical scientists, available to any firm suffering
a shortage of technical manpower, either numerically
or in terms of specific experience.

The Snell team, 36 years in the building, consists
of 150 scientific, technical and engineering personnel,
with 40,000 square feet of laboratory and office space
in five locations throughout the United States.

The experts on this team, working together for
many years, are closely coordinated to provide the
maximum concentration of knowledge, skill and ex-
perience to each assignment.

BEEEEED B E DB Ey

Foster D. Snell, Inc., Dept. $-8
29 West 15th Street
New York 11, N. Y.

Gentlemen:
| would like to know more about your services in
the following fields (check which):

[ Creative Engineering
[ Market Research

[ Toxicology

[ Food Technology

[ Bacteriological Services

[ New Product Development

[ Giant Molecules

[ Product Evaluation

{7 Chemical & Biological Analyses
[J Chemical Market Abstracts

Company
Address........ocoeiiiiiiieie,

HERE’S WHY IT PAYS TO USE SNELL

Because of this close coordination of many brains
accustomed to “teaming-up,” the Snell organization
can accept and carry forward a wide range of assign-
ments. The ratio of assignments per man and the
degree of accomplishment reaches its maximum peak
when so many experts can work so closely together
on clients’ problems.

That is why, during a shortage of scientific man-
power, it may be far more economical and resultful
for you to use the Snell organization to help you carry
forward your new product research and development
programs . . . particularly since it represents new
product results withowt capital investment!

THIS TEAM REALLY KNOWS HOW

It was the men on the Snell team who contributed
out of their vast experience to produce the book-
let: “HOW TO DEVELOP SUCCESSFUL NEW
PRODUCTS.” This booklet is now in the hands of
thousands of alert top-management men. Further
evidence of their skill and experience can be found
in the wealth of technical literature prepared by the
Snell organization.

You can start building MORE PROFITS FOR
TOMORROW by taking one important step now.
Find out for yourself how well the Snell organization
can help you speed your present research and develop-
ment program, ot accept a total assignment, from
start to finish! Use the convenient coupon at left.

36 YEARS OF SUCCESSFUL ‘
NEW PRODUCT RESEARCH
AND DEVELOPMENT

New York, N. Y. « Baltimore, Md. * Bainbridge, N. Y. ¢ Beverly Hills, Calif.
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YOU GET CONSISTENT END-PRODBUCT QUALITY

The consistent quality of Sunoco® petrochemicals can save you time and money.
Every shipment you buy from Sun Oil meets the same high-quality specifications.
This means you don’t have to waste time and money changing your processing pro-
cedure to allow for variations in the quality of your raw material. Try these
reliable petrochemicals...available in quantities to suit your production needs.

UNIFORMITY OF SUNOCO PETROCHEMICALS HELPS

PRODUCT

MAJOR USES

PROPYLENE TRIMER - Composed almost
entirely of mono-olefins...with about 16% of
the double bond in the terminal position. Typi-
cally 95% pure with less than 1% of Cg and
lighter boiling hydrocarbons. Low sulfur con-
tent. Narrow boiling range.

Synthetic detergents, motor fuel additives, syn-
thesis of various chemical intermediates such
as nonyl phenol. High-purity olefin for impor-
tant oxo derivatives—decyl alcohol, etec.

PROPYLENE TETRAMER - Low-cost in-

termediate with narrow boiling range and low
sulfur content.

SUNAPTIC® ACIDS—_No olefinic unsatura-
tion and high resistance to oxidative rancidity.
Has a low pour point and high hydrocarbon
solubility. Low-cost replacement for fatty, naph-
thenic and synthetic acids in corrosion inhibitors
and oil emulsions.

SULFONATE OS _A low-cost oil-soluble

sulfonate.

Manufacture of alkyl aryl sulfonate detergents.
Long-chainolefinfor synthesis of oxoderivatives.

Corrosion and rust inhibitors. Also in cleaning,
defoaming, foaming, dispersing, emulsifying,
and wetting agents.

Fat-splitting processes. Additive for soluble
cutting oils and lubricants.

BENZENE — Thiophene-free. Nitration grade with a mol % purity of 99.6 and a guar-
anteed minimum freezing point of 5.2 C.

TOLUENE-Minimum 99.5% purity with aromatic content of at least 99.8%. Better than
nitration grade. Free of gum-forming compounds and typically free of olefins and sulfur.

XYLENE - Five-degree material with an unusually low acid-wash color.
ANHYDROUS AMMONIA - A new 300 ton-per-day plant now on stream at

Marcus Hook, Pa. Highest purity refrigeration and commercial grades available in tank-
car quantities.

For Technical Bulletins, prices, and delivery information, call your Sun repre-
sentative or write to SUN OiL CoMPANY, Philadelphia 3, Pa., Dept. SA-9.

INDUSTRIAL PRODUCTS DEPARTMENT

SUN 0"- COMPANY Philadelphia 3, Pa.

IN CANADA: SUN OIL COMPANY LIMITED, TORONTO AND MONTREAL

€Sun Oil Co., 1957
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For the design,

engineering and

manufacture of
electro-hydraulic
servomechanisms

VALVE €O., INC.
PRONER AIRPORT
EAST AURORA, N. Y.
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by ‘Martin Gardner

| omerset Maugham’s short story
S “Mr. Know-All” contains the fol-
lowing dialogue:

“Do you like card tricks?”

“No, I hate card tricks.”

“Well, I'll just show you this one.”

After the third trick, the victim finds

an excuse to leave the room. His reaction
is understandable. Most card magic is a
| crashing bore, unless it is performed by
skillful professionals. There are, how-
ever, some “self-working” card tricks
that are intensely interesting from a
mathematical standpoint.

Consider the following trick. The ma-
gician, who is seated at a table directly
opposite a spectator, first reverses 20
cards anywhere in the deck. That is, he
turns them face up in the pack. The
spectator thoroughly shuflles the deck
so that these reversed cards are random-
ly distributed. He then holds the deck
underneath the table, where it is out of
sight to everyone, and counts off 20
cards from the top. This packet of 20
cards is handed under the table to the
magician,

The magician takes the packet but
continues to hold it beneath the table so
that he cannot see the cards. “Neither
you nor I,” he says, “knows how many
cards are reversed in this group of 20
which you handed me. However, it is
likely that the number of such cards is
less than the number of reversed cards
among the 32 which you are holding.
Without looking at my cards I am going
to turn a few more face-down cards face
up and attempt to bring the number of
reversed cards in my packet to exactly
the same number as the number of re-
versed cards in yours.”

The magician fumbles with his cards
for a moment, pretending that he can
distinguish the fronts and backs of the
cards by feeling them. Then he brings
the packet into view and spreads it on
the table. The face-up cards are counted.
Their number proves to be identical with

© 1957 SCIENTIFIC AMERICAN, INC

MATHEMATICAL GAMES

Concerning various card tricks

with a mathematical message

the number of face-up cards among the
32 held by the spectator!

This remarkable trick can best be ex-
plained by reference to one of the oldest
mathematical brain-teasers. Imagine
that you have before you two beakers,
one containing a liter of water; the other,
a liter of wine. One cubic centimeter of
water is transferred to the beaker of wine
and the wine and water mixed thor-
oughly. Then a cubic centimeter of the
mixture is transferred back to the water.
Is there now more water in the wine than
wine in the water? Or vice versa?

The answer is that there is just as
much wine in the water as water in the
wine. The amusing thing about this
problem is the extraordinary amount of
irrelevant information involved. It is not
necessary to know how much liquid
there is in each beaker, how much is
transferred, or how many transfers are
made. It does not matter whether the
mixtures are thoroughly stirred or not.
It is not even essential that the two ves-
sels hold equal amounts of liquid at the
start! The only significant condition is
that at the end each beaker must hold
exactly as much liquid as it did at the
beginning. When this obtains, then ob-
viously if x amount of wine is missing
from the wine beaker, the space previ-
ously occupied by this wine must now
be filled with x amount of water.

If the reader is troubled by this rea-
soning, he can quickly clarify it with a
deck of cards. Place 26 cards face down
on the table to represent wine. Beside
them put 26 cards face up to represent
water. Now you may transfer cards back
and forth in any manner you please from
any part of one pile to any part of the
other, provided you finish with exactly
26 in each pile. You will then find that
the number of face-down cards in either
pile will match the number of face-up
cards in the other pile.

Now try a similar test beginning with
32 face-down cards and 20 face up.
Make as many transfers as you wish,
ending with 20 cards in the smaller pile.
The number of face-up cards in the large
pile will of necessity exactly equal the
number of face-down cards among the



You'll find a
new challenge

DEVELOPING

the world's
largest

computers
at

The design and development

of SAGE (Semi-Automatic Ground
Environment) computers, part

of our nation’s radar defense system,
offer stimulating new challenges to
creative engineers at IBM Kingston.

Projects currently in process include:
Digital and analog systems . . .
advanced circuitry . . . electronic
packaging . . . communications
engineering . . . simulation studies . . .
air traffic control . . . automation.

If you are an electrical or

mechanical engineer, a mathematician
or a physicist—and want to do
development work—you owe it

to yourself to investigate the exciting
possibilities that SAGE computers
offer you at IBM Kingston.

Associate Engineer Donald A. Patterson dem-
onstrates a problem in pleggable unit layout.

Plants and laboratories: Endicott, Kingston, Owego, P

Computer Student Stanley J. Ostrowski studies
wave forms in the IBM Computer Engineering
School laboratory.

N
Field Engineering Instructor Joseph Rechloff
explains basic display console functions at
IBM, Kingston, N. Y.

Associate Engineer Robert M. Blake points out
a feature of an advanced magnetic tape circuit
development.

Staff Engineer Michael S. Zucker and associ-
ates plan electronic digital computer systems.

FOR DETAILS,

just write, outlining background

and interests, to:

Mr. R. A. Whitehorne, Dept. 1109

Mgr. of Engineering Recruitment
International Business Machines Corp.
590 Madison Avenue, New York 22, N. Y.

MILITARY
PRODUCTS

DATA PROCESSING

ELECTRIC TYPEWRITERS
MILITARY PRODUCTS

SPECIAL ENGINEERING PRODUCTS
SUPPLIES

TIME EQUIPMENT
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Ky.; Rochester, Minn.; San Jose, Calif.
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In this S band directional coupler,
tolerances on all openings and inte-
rior common wall thickness are held
within 0.005”. The 6 pound pressure-
tight casting replaces a difficult fabri-
cation. Our unusual foundry methods
are particularly suited to larger alumi-
num castings in which intricacy, den-
sity, accuracy and surface finish must
be of a high order.

Electronics parts too large or too
complex for conventional fabrication
and casting methods may often be just
the thing for Morris Bean & Company.
Write for our illustrated wave guide
literature.

Morris Bean & Company

Yellow Springs 5, Ohio

complex cast wave guide
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20. Now turn over the small pile. This
automatically turns its face-down cards
face up and its face-up cards face down.
The number of face-up cards in both
groups will therefore be the same.

The operation of the trick should now
be clear. At the beginning the magician
reverses exactly 20 cards. Later, when
he takes the packet of 20 cards from the
spectator, it will contain a number of
face-down cards equal to the number
of face-up cards remaining in the deck.
He then pretends to reverse some addi-
tional cards, but actually all he does is
turn the packet over. It will then contain
the same number of reversed cards as
there are reversed cards in the group of
32 held by the spectator. The trick is
particularly puzzling to mathematicians,
who are apt to think of all sorts of com-
plicated explanations.

\,[any card effects known in the con-
~' L juring trade as “spellers” are based
on elementary mathematical principles.
Here is one of the best. With your back
to the audience, ask someone to take
from one to 12 cards from the deck and
hide them in his pocket without telling
you the number. You then tell him to
look at the card at that number from the
top of the remainder of the deck and re-
member it,

Turn around and ask for the name of
any individual, living or dead. For ex-
ample, someone suggests Marilyn Mon-
roe (the name, by the way, must have
more than 12 letters). Taking the deck
in your hand, you say to the person who
pocketed the cards: “I want you to deal
the cards one at a time on the table,
spelling the name Marilyn Monroe like
this.” To demonstrate, deal the cards
from the top of the deck to form a face-
down pile on the table, taking one card
for each letter until you have spelled
the name aloud. Pick up the small pile
and replace it on the deck.

“Before you do this, however,” you
continue, “I want you to add to the top
of the deck the cards you have in your
pocket.” Emphasize the fact, which is
true, that you have no way of knowing
how many cards this will be. Yet in spite
of this addition of an unknown number
of cards, after the spectator has com-
pleted spelling Marilyn Monroe, the next
card (that is, the card on top of the
deck) will invariably turn out to be his
chosen card!

The operation of the trick yields easily
to analysis. Let x be the number of cards
in the spectator’s pocket and also the
position of the chosen card from the top
of the deck. Let y be the number of let-
ters in the selected name. Your demon-
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At Los Alamos ... the challenge of controlled thermonuclear energy

The controlled release of fusion energy in a practical thermonuclear reactor will be an important
milestone in the nuclear age. This scientific achievement is the object of PROJECT SHERWOQOD...
one of the interesting scientific investigations now under way at Los Alamos Scientific Laboratory.

Pictured above is “Columbus 1, an early experimental device developed by Los Alamos
scientists to further this study. The bright line along the axis of the tube was produced by a dis-
charge in heated and highly conducting argon gas. This discharge was “pinched” down to a
small fraction of the tube diameter by the mutual attraction of its own currents. The temperature
was roughly equal to that of the sun’s photosphere. Intense bursts of neutrons appeared at time A
of the voltage time signatures of the pinch (above, left), providing an interesting puzzle as to
their origin. The similar signatures of successive discharges indicate the degree of reproduci-
bility that has been achieved. Detailed studies of such reproducible behavior have led to consider-
able advances in understanding both the dynamics and the means for stable containment of
heated plasmas.

At Los Alamos, in the cool mountain environment of narthern New Mexico, you will find research
challenges worthy of your abilities. College graduates in the Physical Sciences or Engineering are
invited to write for information about the Laboratory, the attractive employee benefits, and the
family living and recreational facilities of the Los Alamos area. Write to:

DIRECTOR OF PERSONNEL

; LOS ALAMOS SCIENTIFIC LABORATORY
DIVISION 2112

M . ne LOS ALAMOS, NEW MEXICO
scientific laboratory

OF THE UNIVERSITY OF CALIFORNIA Los Alamos Scientific Laboratory is a non civil service operation of
/. .\ LOS ALAMOS, NEW MEXICO the University of California for the U. S. Atomic Energy Commission.
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for military and in-
dustrial applications.
Illustrated are some
of these units . . .
any can be modified
to meet your specific
requirements if the
basic design is not

adequate.

Shown below is the new catalog of the A. ¢
W. Haydon Company describing all of the o
basic types of units available and many
of the ‘*specials’’. Included in this 25-page ¢
catalog are 60 photographs of timers, 30
dimensional @
drawings, and
50 charts and @
diagrams.  This
complete cata- @
[

log will be sup-
plied on request.

A. W. HAYDON COMPANY offers
COMPLETE LINE of STANDARD and CUSTOM
DESIGNED TIMING MOTORS and

DEVICES!
.

Long a pioneer in the timing field, The A. W.
Haydon Company is prepared to assist you in
solving your timing and control problems.
When a solution to your problem has been
reached, The A. W. Haydon Company is pre-
pared to follow through with production geared
to meet your requirements whether a basic
timing unit or a highly specialized device is
required.

the A. W. HAYDON COMPANY

How To Get Things_Done—

BOARDMASTER VISUAL CONTROL

Y Gives Graphic Picture—Saves Time, Saves
Money, Prevents Errors

v Simple to operate—Type or Write on Cards,
Snap in Grooves

77 Ideal for Produciion,
Scheduling, Sales, Etc.

7Y% Made of Metal. Compact and Attractive.
Over 150,000 in Use

Full price $4950 with cards
FR EE 24-PAGE BOOKLET NO. C-300
Without Obligation
Write for Your Copy Today
GRAPHIC SYSTEMS

55 West 42nd Street ® New York 36, N. Y.

Traffic, Inventory,
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243 NORTH ELM STREET
WATERBURY 20, CONNECTICUT

Design and Manufacture of Electro-Mechanical Timing Devices

New “Mechanical Educator” to

IMPROVE MEMORY

Inability to recall names, places, facts quickly is a
common, often costly, shortcoming that can now be
easily overcome with the aid of a new device for
self-instruction, memory and concentration train-
ing. This versatile new educational tool can also be
used effectively in language learning, speech cor-
rection and improvement, in mastering tables, for-
mulae—anything to be memorized—faster than ever.

DORMIPHONE Memory Trainer

* Speeds up learning processes
* Aids Concentration

Using a new record-
ing principle, Memory
Trainer records, in-
stantly plays back, and
automatically repeats
speech, music, or any
spoken or broadcast

material through a "ECURM'G
built-in speaker. No CARTRIDGE

reels of tape to wind
and rewind. Complete-
ly portable—13"x71%"
x 6” and weighs only
9 Ihe. 1deal for home,
school, industrial safe-

Easily
removed. Can be stored
or ‘‘erased’’ instantiy

and re-used repeated-
ly. Just record, flip a

ty training use. So switch — listen — and
simple, children hene- learn!

fit—so helpful and .

practical, it is used Write TODAY for FREE folder

with complete information.
Modernophone, Inc.
220-097 Radio City,
New York 20, N. Y.

by educators, psychol-
ogists, people of all
ages and professions.

1
%Irc’e 7-0830

| MODERNOPHONE, INC. |

220-097 Radio City, New York 20, N

I Gentlemen: P’lease send me your FREE Booklet. I am I
interested in learning more about tie Dormiphone I

| Memory Trainer and what it can do for me. No obliga-

| tion—no salesman will call. |

| Name " I

l Address I

| City Zone State |

I My main interest in the Memory Trainer is for:

I [0 Learning a Language [0 Speech Improvement I
O Memorization [0 Sleep Inducement l

I [ Habit Correction [ School or College Work \

(]
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stration of how to spell the name auto-
matically reverses the order of y cards,
bringing the chosen card to a position
from the top that is y minus x. Adding x
cards to the deck therefore puts y minus
x plus x cards above the selected one.
The x’s cancel out, leaving exactly y
cards to be spelled before the desired
card is reached.

more subtle compensatory principle

is involved in the following effect.
A spectator is asked to select any three
cards and place them face down on the
table without letting the magician see
them. The remaining cards are shuffled
and handed to the magician.

“I will not alter the position of a sin-
gle card,” the magician explains. “All I
shall do is remove one card which will
match in value and color the card you
will select in a moment.” He then takes
a single card from the pack and places it
face down at one side of the table.

The spectator is now asked to take
the remaining cards in hand and to turn
face up the three cards he previously
placed on the table. Let us assume that
they are a nine, a queen and an ace. The
magician requests that he start dealing
cards face down on top of the nine,
counting aloud as he does so, beginning
the count with 10 and continuing until
he reaches 15. In other words, the spec-
tator deals six cards face down on the
nine. The same procedure is followed
with the other two cards. The queen,
which has a value of 12 (jacks are 11,
kings 13), will require three cards to
bring the count from 12 to 15. The ace
(1) will require 14 cards.

The magician now has the spectator
total the values of the three original face-
up cards, and note the card at that posi-
tion from the top of the remainder of the
deck. In this case the total is 22 (9 plus
12 plus 1), so he looks at the 22nd card.
The magician turns over his “prediction
card.” The two cards match in value and
color!

How is it done? When the magician
glances through the deck to find a “pre-
diction card,” he notes the fourth card
from the bottom and then removes an-
other card which matches it in value and
color. The rest of the trick works auto-
matically. I leave to the reader the easy
task of working out an algebraic proof
of why the trick cannot fail.

rl‘he ease with which cards can be

shuffled makes them peculiarly ap-
propriate for demonstrating a variety of
probability theorems, many of which are
startling enough to be called tricks. For
example, let us imagine that two people
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Your Search for MORE... MORE... MORE=Look to
FLUID POWER

KALAMAZOO DIVISION
Kalamazoo, Mich.
HYDRECO Hydraulic equipment for indus-
trial and mobile applications. Gear and
Dual-Vane Pumps and Motors to 2000 psi,
to 120 gpm, to 120 hp. Control Valves
to 2000 psi and 150 gpm. Cylinders:
Telescopic, Single and Double-acting
to 10” diameter, strokes to over 20 ft.

WATERTOWN DIVISION
Watertown, N. Y.
Railroad Air Brake equipment of all
types; STRATOPOWER Hydraulic Pumps
and Motors for Aircraft, to 5000 psi for
operation to 400° F.

AURORA PUMP DIVISION
Aurora, IIL
AURORA Centrifugal Pumps to 8500 gpm
and 600 ft. heads. APCO Turbine type
Pumps, 5 to 150 gpm, Heads to 700 ft.
Condensate Return Units 800 to 100,000
sq. ft. radiation.

KINNEY MFG. DIVISION
Boston, Mass.

High Vacuum Mechanical Pumps, single
stage, 13 to 780 cfm, pressures to .01
mm Hg; two stage, 2 to 46 cfm, pres-
sures to .0002 mm Hg; Mechanical
Booster Pumps, 30 to 5000 cfm, pres-
sures to .0001 mm Hg. Rotary Liquid
Handling Pumps to 3000 gpm.

VACUUM EQUIPMENT DIVISION
Camden, N. J.

Complete KINNEY Vacuum Systems—

Vacuum Furnaces (Arc, Induction or Re-

sistance), Evaporators, Optical Coaters

and Metallizers, TV Tube Aluminizers; Oil

Diffusion Pumps, Gages, Valves and Oils.

More pieces per hour, greater pre-
cision, more functions from equip-
ment, more goods to more people
faster ... these are the areas wherein
Fluid Power performs today’s
miracles in production and distribu-
tion. Engineers in The New York Air
Brake Company are singularly well
equipped with "know-how' and ex-
perience to answer YOUR problems.

HYDRECO Gear and Dual-Vane
Pumps and Fluid Motors, Control
Valves and Cylinders run the gamut
of Industrial and Mobile Equipment
applications . . . for machine tools;
lift trucks; farm and construction
equipment; conveyors; oil well,
mining or lumbering machinery; for
operating winches, cargo booms, or
for hatch covers. Name a function
on land or sea requiring push, pull,
press, raise, lower or rotary motion,
and the names HYDRECO and Dual-

Vane are your answer.

In the air—STRATOPOWER Hydrau-
lic Pumps and Motors combine amaz-
ing weight/horsepower ratios with
equally amazing ability to perform
dependably at all altitudes and high
temperatures.

In Liquid Handling, AURORA Centrif-
ugal and Turbine-type Pumps and
KINNEY Heliquad and Rotating
Plunger Pumps provide the practical
and economical means for moving
"anything that will flow through a
pipe,” from gasoline to asphalt.

KINNEY High Vacuum Pumps, pro-
ducing pressures down to 0.0001 mm
Hg., atford still another important tool
to make things better, faster and at
lower cost. High vacuum is the new
technique in many industries.

What are your "MORE" problems?
Are you fully aware of what Imagi-
native Engineering of The New York
Air Brake Company can do to help
you solve them?

Complete your file of data on new developments in Hydraulic,
Liquid Handling and Vacuum Equipment. Write for catalogs today.

THE NEW YORK AIR BRAKE COMPANY

230 PARK AVENUE - NEW YORK 17, N. Y.
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ELECTRICAL
ENGINEERS

If you have had engineering experience in any of the cat-
egories shown below, Northrop Aircraft has an attractive
position for you, with many benefits. Important among
them are high compensation, challenging assignments,
steady advancement, recognition of initiative and ability,
and continued interest in your progress. Many outstand-
ing engineering positions are offered, as follows:

ELECTRICAL GROUP, which is responsible for the de-
sign of such things as power generation and distribution
systems, rectifiers and power converters, and auxiliary
systems as applied to manned aircraft, guided missiles
and ground support equipment.

COMMUNICATIONS AND NAVIGATION GROUP, which
is responsible for the design of C/N systems in manned
aircraft and installation of guidance systems in missiles.

FIRE CONTROL RADAR GROUP, which is responsible
for the installation and application of the most advanced
type of fire control systems in fighter-interceptor aircraft.
The work covers the installation of the equipment and
associated wiring; continuing liaison with equipment
manufacturers; preparation of system analysis and re-
ports; and follow-up of system performance in the field
as aircraft become operational.

INSTRUMENT GROUP, which is responsible for the de-
sign of instrument systems for manned aircraft and the
installation of flight test instrumentation for guided
missiles.

There are also opportunities for draftsmen with either
electrical or mechanical experience.

At Northrop Aircraft you will be with a company that
has pioneered for seventeen years in missile research
and development. Here you can apply your skill and abil-
ity on top level projects such as Northrop’s new super-
sonic trainer airplane, Snark SM-62 intercontinental mis-
sile, and constantly new projects. And you'll be located
in Northrop’'s soon to be completed multi-million-dollar
engineering and science building, today’s finest in com-
fortable surroundings and newest scientific equipment.

If you qualify for any of these representative positions,
we invite you to contact the Manager of Engineering
Industrial Relations, Northrop Aircraft, Inc., ORegon
8-9111, Extension 1893, or write to: 1015 East Broadway,
Department 4600-A2, Hawthorne, California.

NORTHROP

NORTHROP AIRCRAFT, INC., HAWTHORNE, CALIFORNIA

Producers of Scorpion F-89 Interceptors and Snark SM-62 Intercontinental Missiles
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each hold a shuffled deck of 52 cards.
One person counts aloud from 1 to 52;
on each count both deal a card face up
on the table. What is the probability that
at some point during the deal two iden-
tical cards will be dealt simultaneously?

Most people would suppose the prob-
ability to be low, but actually it is better
than 1/2! The probability there will be no
coincidence is 1 over the transcendental
number e. (This is not precisely true,
but the error is less than 1 over 10 to the
69th power. The reader may consult
page 47 in the current edition of W.
Rouse Ball’'s Mathematical Recreations
and Essays for a method of arriving at
this figure.) Since e is 2.718 . . ., the
probability of a coincidence is roughly
17/27 or almost 2/3. If you can find
someone who is willing to bet you even
odds that no coincidence will occur, you
stand a rather good chance to pick up
some extra change.

he answers to the puzzles devised by
Sam Loyd, described in this space
last month, are as follows:

In the chess problem, for the benefit
of chess enthusiasts, White mates in
three by taking the pawn with his rook.
If black bishop takes rook, White jumps
his knight to B3, Black is forced to move
his bishop and White mates with pawn
to Kt4. If Black had taken the knight
instead of the rook, white rook checks
on R3, Black interposes bishop, White
mates with pawn to Kt4 as before.

After the bullet shatters the white
knight, White mates in four by taking
the pawn with his pawn. If Black moves
bishop to K6, White moves rook to
Kt4. Black bishop to Kt4 is followed
by white rook to R4 (check). Bishop
takes rook and White mates with pawn
to Kt4.

After the bullet removes the white
pawn at R2, White mates in five with
rook to QKt7. Should Black move his
bishop to K6, then: (2) R-Ktl, B-Kt4;
(3) R-KR1 (check), B-R5; (4) R-R2,
PxR; (5) P-Kt4 (mate). Should Black
on his first move play B-Kt8, then: (2)
R-Ktl, B-R7; (3) RK1, K-R5; (4) K-
Kt6, any move; (5) R-K4 (mate).

If the first bullet had removed White’s
rook instead of his knight, White mates
in six by moving knight to B3. Black’s
best response is B-K8, which leads to
(2) KtxB, K-R5; (3) P-R3, K-R4; (4)
Kt-Q3, K-R5; (5) Kt-B4, P-R4; (6) Kt-
Kt6 (mate).

The jockeys can be placed on the two
donkeys (which miraculously break into
a gallop) as shown in the illustration on
the next page.

Concerning the “Teddy and the



PROJECT AND SENIOR PROJECT
ELECTRONIC

engineers

New Horizons . . . Greater Achievements . . . Challenging,
Satisfying, Rewarding Assignments . . . await graduate EEs and
MEs with three to ten years directly applicable experience

at ... AC, The Electronics Division of General Mortors.

Our ever expanding electronic activities . . .
The finest of facilities and test equipment . . .
Working alongside outstanding pioneers in Electronics . . .
GM’s policy of complete decentralization . . .

Provides every qualified project engineer the best of
personal development opportunities at AC,

We work in every phase of Research, Design, Development,
Reliability and Production in these exciting fields:

AVIONICS INERTIAL GUIDANCE
COMPUTERS JETENGINE
(Analog-Digital) FUEL CONTROLS

AUTOMOTIVE-~ AERONAUTICAL
ELECTRO- MECHANICAL DEVICES

For immediate interview in yvour area or in Milwaukee (our
expense) send resume ¥*Mr, Cecil E. Sundeen, Supervisor
of Technical Employment.

THE ELECTRONICS DIVISION
GENERAL MOTORS Corporation

Flint 2, Mich. . *Milwaukee 2, Wis.
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SDD needs an aeronautical engineer who might aptly be
described as a specialist in the element of choice.

He will be required to evaluate equipment

and equipment systems for purposes of incorporation
into a major nation-wide system. —
The position requires general familiarity with a wide
range of technical subjects, including missiles, .
interceptor aircraft, and electronic systems, with 1
recent specialization in at least one of these.

The ability to think in broad concepts, while
retaining mastery of subordinate but complex factor$,
is also necessary.

THE ELEMENT OF CHOICE

This engineer must be qualified to keep up with
advancements in his field, through liaison with other
departments and companies.

Call collect or write for more information.

System Development Division
The Rand Corporation
2420 Colorado Ave,, Santa Monica, Calif. GRanite 8-8293, Extension 53 or 54

11.88

SCIENTIFIC ENCLOSURES
QUICKLY ASSEMBLED!
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Cabinet Component
System

of pre-fabricated dural
die-cast corners, extruded

sections and parts . . .
% assembles into modern

fully-radiused
cabinets to any
dimensions, with

NO SPECIAL

A"

ZIRCONIA

(ZrO2)
ceramic ware

Now available in standard tube,
crucible and combustion boat shapes

For temperatures to 4600°F. (2538°C).
Possesses one of the highest melting points

A § Used in
of all commercial refractories. Electronic
Great chemical inertness. Won't erode applications,
when melting steel or high temperature al- such as Control
loys ...or react when firing titanates or and Analysis,

Computers, Mining,
4 Sprazing. Refining, ¢
Food Processing, ete.
Also in many Government-

approved installations.

sintering metals ... or embrittle platinum,

Leco zirconia ware . .. crucibles for
melting special alloys, tubes for high-
temperature combustion or gas synthe-
sis, heat treating and sintering furnaces,
and kiln furniture. We will be happy

to quote on custom ware. T prices -
& data “ '
Leco also specializes in Zircon (ZrSiOs) Ware D?;ft:?;_rit;; p

Write Today for TECHNICAL DATA CATALOG

British Industries Corporation
4009 Hilltop Road, St. Joseph, Michigan Port Washington, New York

LABORATORY EQUIPMENT CORP.
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Lions” paradox, it is meaningless to ask
which lion has vanished or which hunter
has newly appeared. All the lions and
hunters vanish when the parts are re-
arranged—to form a new set of eight
lions, each 1/8 smaller than before, and
six hunters, each 1/6 larger than before.

There are many ways to tackle the
fighting-fish problem. Here is Loyd’s
own characteristic account of the solu-
tion:

“Three of the little fish paired off with
each of three big fish, engaging their
attention while the other four little
fighters polished off the fourth big one
in just three minutes. Then five little
fellows tackled one big fish and killed
him in 2 minutes 24 seconds, while the
other little ones were battling with
the other big ones.

“It is evident that if the remaining
two groups had been assisted by one
more fighter they would all have finished
in the same time, so there is only suffi-
cient resistance left in each of the big
ones to call for the attention of a little
fish for 2 minutes 24 seconds. There-
fore if seven now attack instead of one,
they would do it in one seventh of that
time, or 20 and 4/7 seconds.

“In dividing the little-fish forces
against the remaining two big ones—one
would be attacked by seven and the
other by six—the last fish at the end of
the 20 and 4/7 seconds would still re-
quire the punishment which one little
one could administer in that time. The
whole 13 little fellows, concentrating
their attack, would give the fish his
quietus in one thirteenth of that time,
or 1 and 53/91 seconds.

“Adding up the totals of the time
given in the several rounds—3 minutes,
2 minutes 24 seconds, 20 and 4/7 sec-
onds, and 1 and 53/91 seconds, we have
5 minutes 46 and 2/13 seconds as the
entire time consumed in the battle.”

i

™

The puzzle of the donkeys solved



FORECASTING CORE PERFORNANCE

A nuclear power plant requires exact knowledge and
control of the quantity and arrangement of the
nuclear fuel. To determine precisely the operating
nuclear characteristics and performance of B&W'’s
full scale reactor cores, the company maintains a
critical experiment laboratory at its specialized
nuclear research facilities in Lynchburg, Va.

Critical experiments are conducted at virtually
zero power, permitting economical, safe analysis of
the proposed fuel cores and the gathering of nuclear
data for their final design. Flux distributions in the
reactor core are measured with foils of different
elements which become radioactive under neutron
bombardment.

In this way, the calculations of physicists and engi-
neers can be confirmed or modified; optimum quan-
tity and arrangement of fuel elements and control

rods can be determined; the core’s ultimate power
distribution, safety and stability can be established;
and a more accurate forecast of the conversion ratio
and reactivity lifetime of the core is made possible.

This privately-financed critical test laboratory is
just one example of B&W’s investment in facilities,
engineering, and research to put nuclear energy to
work constructively and economically. The Babcock
& Wilcox Company, Atomic Energy Division, 161
East 42nd Street, New York 17, N. Y.

BABCOCK
2 WILCOXC

AE-46

ATOMIC
ENERGY
DIVISION
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Correct Lubrication in Action. .

- \ Lubricant Cost

|
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Giddings & Lewis is one of the world’s
largest builders of high-power, precision
machine tools. Shown in drawing is 10'
Hypro Vertical Boring Mill. Entire G & L

and Hypro division is protected by Socony
Mobil Program of Correct Lubrication.

Leader in Lubrication for over 91 years
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in the Machine Tool Industry

Per Machine

Cut 18%

One of many ways Giddings & Lewis Machine Tool Company
has increased profits with the help of Socony Mobil

To Giddings & Lewis, one of the most direct ways
to increase net profits is to reduce maintenance costs.
That’s why this company, a leading builder of quality,
high-precision machine tools, relies on a Mobil Pro-
gram of Correct Lubrication.

In just three years a Mobil ‘““team” of lubrication
specialists, working closely with plant personnel, cut
lubricant costs per machine 17.9% . . . reduced
lubricant application cost 7.6%.

These savings were but a few of the many and var-
ied cost-cuts achieved through Mobil products and
Mobil service. They reflect the many hours spent by
Socony Mobil field and laboratory personnel in
studying machine operations, preparing technical re-
ports, making analyses of products in use.

Why not rely on a Mobil Program of Correct
Lubrication to help you improve production and
reduce maintenance costs?

Can you afford to accept less than a cost-cutting service like this ?

After a Mobil representative makes a lubrication analysis
of your plant, a program of Correct Lubrication is put

Lubrication specialists, the most experienced in the petro-
leum industry, are ready to help you solve the knottiest
lubrication problem. For example, a Mobil engineer
helped G & L solve a problem of repeated bearing failures
on shop planers. His lubricant recommendation eliminated

the trouble . . . saved $244 a year on each planer.

Constant Quality Checks are kept on Mobil lubricants in
use. Socony Mobil offers more analytical service than any
other oil company. As a result, you can. safely get maxi-
mum life from every Mobil product. At the G & L and
Hypro division Mobil quality oils are repeatedly filtered
and put back to work. Periodic checks by Mobil laboratory
analyses show oils to be in “like new’ condition even
after years of service.

into action. Described below are some of the features of
this program and how they benefited Giddings & Lewis.

Thorough knowledge of machine design—Mobil engineers

work closely with designers and builders . . . advise on
hydraulic and lubrication system design . . . suggest the
correct products for each machine. G & L affixes a lubrica-
tion plate to every machine they produce. It specifies the use
of the right Mobil product (or equivalent quality) to assure
satisfactory operation wherever tl;/ese machines are used.

In-plant training clinics are conducted by Mobil engineers.
Maintenance personnel are instructed in proper applica-
tion procedures . . . taught to recognize trouble before it
occurs. At G & L, frequent electric motor failures were
found to be caused by over-application of grease. Instruction
corrected this trouble . . . reduced application time by 66%
. . . cut grease consumption, too.

A proved program to reduce
maintenance costs

Correct Lubrication

SOCONY MOBIL OIL COMPANY, INC,, and Affiliates: MAGNOLIA PETROLEUM CO., GENERAL PETROLEUM CORP., MOBIL OVERSEAS OIL CO., INCy
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PETROCHEMICALS

another broad field for UOP
service to oil refiners ...

In its business of developing improved
refining processes for the oil industry,
Universal Oil Products Company has long
been vitally concerned with effective means
of producing the valuable chemical prod-
ucts from petroleum. The great worth of
these petrochemicals to our national
economy is recognized by everyone. They
are vitally important to the refining in-
dustry, too, if refiners are to maximize the
value of products from crude oil processed
through their plants.

In the interest of the oil refining industry
UOP has recently established a program
of petrochemical process and marketing
development. Under this program any
refiner, anywhere in the free world, regard-
less of the volume of his operation will H
be able to enjoy the economic and operat-
ing advantages which the production of
the petrochemicals most suited to this
operation can provide.

This new petrochemical program makes *
available to you, through UOP, a variety
of petrochemical processes.

@ UNIVERSAL OIL

© PRODUCTS COMPANY
30 Algonquin Road
Des Plaines, lllinois, U. S. A.

More Than Forty Years Of Leadership
In Petroleum Refining Technology
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' I Yhe geometry of motion is written
in the fundamental concepts of
length and time. Events must hap-

pen somewhere at some time whether
they proceed on the scale of colliding
galaxies or the division of cells. If an ob-
server hopes to gather meaningful in-
formation about the physical events of
the universe, he must therefore begin
with a measuring rod and a clock. The
better his rod and clock, the more he can
learn.

Descriptions of two fine-scaled meas-
uring rods which amateurs can build at
home have already appeared in “The
Amateur Scientist.” One is the “travel-
ing” microscope constructed by Roger
Hayward, who illustrates this depart-
ment. It is capable of measuring lengths
over a range of six inches to an accu-
racy of one part in 60,000 [“The Ama-
teur Scientist,” August, 1954]. The other
is the interferometer designed by Eric F.
Cave, a physicist at the University of
Missouri. This instrument can measure
distances of less than a wavelength of
light [“The Amateur Scientist,” Novem-
ber, 1956]. W. W. Withrow, Jr., a radio
amateur of Teague, Tex., now describes
an extremely accurate clock which can
also be built at home. Even if new parts
are used in its construction, the clock
should cost less than $50.

“Like most amateurs who make a hob-
by of science, particularly of those
branches which have to do with phys-
ics,” writes Withrow, “I have long
wanted a good clock. Ordinary electric
clocks do for most purposes and nearly
everyone takes it for granted that they
keep good time. But do they? The accu-
racy of electric clocks depends on the
care with which the operator at the
power station maintains constant fre-
quency on the mains. The Texas town
in which I live has an excellent city-
owned power plant. But its operators
have little reason to maintain frequency
as closely as they would if the plant

THE AMATEUR SCIENTIST

How to make an extremely accurate clock

based on the vibration of a quartz crystal

were part of a network of stations which
must be synchronized. I found that our
clocks sometimes vary as much as a min-
ute from one day to another.

“The principal element in a timing
system is the one which, in effect, counts
the units of time. This may be entirely
mechanical, as in the pendulum clock.
It may be electronic, as in the gas-
absorption clock [see “Atomic Clocks,”
by Harold Lyons; SCIENTIFIC AMERI-
can, February]. It may be a combina-
tion of the two, as in the Marrison, or
piezoelectric crystal, clock. In each of
the three some resonant element must
have a highly constant natural period
of vibration which can be coupled to an
indicator, usually a clock face, for indi-
cating the passage of time with respect
to an arbitrary starting instant such as
0000 Greenwich mean time.

“In casting about for an idea on which
to base a clock, I reread an article
which appeared in your department for
July, 1951. The author, in describing the
Hope-Jones Synchronome clock, men-
tioned that a quartz-crystal oscillator
clock may not be beyond the skill of
amateurs. When fed with electrical
pulses from a vacuum-tube oscillator, a
properly cut and mounted quartz crys-
tal vibrates continuously at a rapid and
remarkably constant rate. I knew that
the National Bureau of Standards uses
a crystal clock. But I had dismissed the
idea of building a version of it because
the Bureau’s clock face is driven by a
1,000-cycle motor. Electrical-appliance
dealers in my town stock only 60-cycle
clocks. Still, I wanted a good clock and
could not down the idea of tackling a
crystal one, perhaps because electronics
has a way of getting tied in with most of
my projects whether they are essentially
electronic or not.

“I decided to try a simplified version
of the Marrison clock, using a quartz
crystal cut for 120 kilocycles per second.
It seemed likely that a clock could be
built around a 120-kilocycle crystal
without the complication of such acces-
sories as an oven for maintaining the
unit at constant temperature, or a special
1,000-cycle clock motor. The frequency

© 1957 SCIENTIFIC AMERICAN, INC

of the crystal could be subdivided to
60 cycles by a highly unstable vacuum-
tube circuit called a multivibrator and
then amplified as desired for driving the
clock mechanism.

“Except for the crystal, the clock was
built entirely of standard radio parts
plus parts from an old radio plus a spare
electric clock. The crystal was made by
the Northern Engineering Laboratories
of Burlington, Wis. Designated Model
T-9D, it is priced at $14, which repre-
sents my principal outlay of cash for the
clock. The crystal comes mounted in an
evacuated bulb with a pronged base
that fits a standard vacuum-tube socket.
It is driven by a conventional vacuum-
tube oscillator [see circuit diagram on
page 236]. The 120-kilocycle output of
the oscillator is boosted by a single-stage
resistance-coupled amplifier and re-
duced to 60 cycles by a series of four
multivibrators which respectively oper-
ate at 6,000 cycles, 1,200 cycles, 240
cycles and 60 cycles. The output of the
last of these multivibrators is fed to a
preamplifier, which in turn drives the
power amplifier [see block diagram on
page 238].

“Multivibrators, I learned, are tricky
gadgets. It took a long series of experi-
ments to find working values for the
resistors and capacitors that finally
gave the desired performance. In prin-
ciple the multivibrator is a two-stage
resistance-coupled amplifier in which
the output of each tube is coupled to the
input of its companion [see diagram on
page 240]. On the application of power
to the unit, a mild pulse of current flows
in each of the plate circuits.

“Pulses also appear as a charge on
the respective grids. There is a some-
what stronger pulse on one grid than on
the other because multivibrator circuits
cannot be made perfectly symmetrical.
A heavy flow of current promptly builds
up in the plate circuit of the tube re-
ceiving the stronger pulse. The grid
of the companion tube, being coupled
to the plate of the conducting tube, is
driven strongly negative and soon
reaches the point of blocking the flow
of electrons from the cathode of the
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2,4
DICHLORO-
PHENOL

CHLORAL

2,4,5
TRICHLORO-
PHENOL

2,4, 6
TRICHLORO-
PHENOL

HEXACHLORO-
BENZENE

Or maybe you’re interested in
custom production of benzene sul-
fonyl chlorides or their chlorinated
derivatives. Discuss it—or any
problem involving chlorinated
products —with your DiamonDp
Representative. His service is
expert, prompt, free.

More DiamonD products: carbon
tetrachloride; perchlorethylene;
ethylene dichloride; methylene
chloride ; methyl chloride; chloro-
form; Chlorowax® (chlorinated
paraffin); muriatic acid; DDT;
BHC, 15%, and 409, gamma; Lin-
dane; 2,4-D and 2,4,5-T amine
salts, esters and formulations; grain
fumigants. DiamoND ALkALI CoM-
PANY, 300 Union Commerce Bldg.,
Cleveland 14, Ohio.
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| conducting tube to its plate. The tube

is said to have passed the cutoff point.
The negative charge on this grid (and
on its associated coupling capacitor)
then leaks off through a resistor con-
| nected between the grid and cathode.
The time required for the leaking
| process depends on the size of the
coupling capacitor and the resistor. As
the charge leaks away, the potential
of the grid rises toward the cutoff point
(beyond which the tube can conduct).
When this critical point is reached, the
tube promptly conducts. The resulting
pulse drives the grid of the companion
tube (through the coupling capacitor)
strongly negative and it in turn cuts off.
Thereupon the series of events repeats.
The negative charge leaks off the grid
and a new cycle is initiated. The seesaw
action continues—each tube being cut off
and cutting off its companion in return.
One grid or the other is always nega-
tive and one always positive. Alternately
one tube conducts and the other tube
does not.

“The frequency at which a multi-
vibrator performs this automatic flip-
flop can be increased somewhat without
changing the size of the coupling capaci-
tors or grid-leak resistors. If, as either
grid approaches the point at which con-
duction is about to be resumed, a pulse
is applied to the grid from an external
source, conduction will be initiated
early. An external pulse of proper sign
(positive) will neutralize the remaining
negative charge and push the grid ‘over
the top.” The multivibrator owes its
action as a frequency divider to this
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vibyatoy vernier . Phase
indicator

outpout
transformer

chassis

ouvtput 18° X 9" X 3°

Electronic generator of precise frequency to drive an electric clock

effect. Frequency division is accom-
plished by setting the multivibrator’s
natural or free-running frequency close
to but slightly lower than the desired
submultiple of signal frequency and
then introducing the signal or control-
ling frequency to the grid of one of the
two multivibrator tubes. The multi-
vibrator then locks in step at the desired
submultiple of the signal frequency, be-
cause one and only one pulse of the
signal can arrive at the critical moment
the triggering grid is approaching the
cutoff point. Other signal pulses arrive
while the grid is either strongly nega-
tive or (during alternate half-cycles)
when it is charged positively. Thus if
a controlling signal of 120 kilocycles is
coupled to one grid of a multivibrator
which is adjusted for a natural period
of slightly less than 6,000 cycles, the
first nine cycles of the signal occur while
the triggering grid is substantially be-
low the point of conduction. The 10th
cycle, however, arrives just in time to
push the grid over the top and initiate
conduction. During the next 10 signal
pulses the triggering grid is positive and
the signal has no effect. At the end of
this interval the companion tube con-
ducts automatically and drives the trig-
gering grid negative in preparation for
the next cycle of events. Thus each 20th
pulse of the signal triggers the con-
trolled tube into conduction, and the
multivibrator accordingly oscillates at a
20th of the signal frequency.

“The output of one multivibrator can
trigger another. Four properly adjusted
units can thus reduce the frequency of



UNUSUAL OPTICAL BARGAINS

SPITZ
MOONSCOPE

de 32 power refl
telescope—by the makers of Spitz Plan-
etarium. Clearly reveals the craters of
the moon, shows Saturn, Jupiter, other
wonders of the heavens. Based on same
principles as world’s giant telescopes.
Stands 36” high on removable legs. Ad-
justable 3” polished and corrected mirror.
Fork type Alt-Azimuth rotates on full 360°
circle—swings to any location in the sky.
Fascinating 18-page instruction book is ins
cluded. Instrument packed in sturdy carrye

ing case.
Stock No. 70,068-S........$14.95 Pstpd.

ting

Fine, American-Made Instrument at Over 50°% Saving

STEREO MICROSCOPE
For Industrial or Hobby Use

Up to 3” Working Distance—Erect Image—Wide 3 Dimensional Field
Now, ready after years in development—this instrument answers the long standing need
for a sturdy, efficient STEREO MICROSCOPE at low cost. Used in production—in re-
search—in the lab, shop, factory, or at home; for inspections, examinations, counting,
checking, assembling, dissecting—speeding up and improving quality control.
objectives on rotating turret. Standard pair of wide field 10X Kellner Eyepieces give you
23 power and 40 power. Additional eyepieces available for greater or lesser magnification.
Helical rack and pinion focusing. Precision, American-made! Storage chest included. WE
WILL SHIP ON 10-DAY FREE TRIAL. .. complete satisfaction or your money back.

Order Stock No. 85,039-S.
(Shipping wt. approx. Hl Ibs.)

2 sets of

$99.50 f.o.b. Barrington, N. J.
Send check or M.O.

Take Telephoto
Shots Thru

7 x 50
| MONOCULAR

This is fine quality, American made instrument—war
surplus! Actually % of U.S. Govt. 7 x 50 Binocular. Used
for general observation both day and night and to take
fascinating telephoto shots with your camera. Brand new.
$95 value. Due to Japanese competition we close these out
at a bargain price. Directions and mounting hints included.

Stock No. 50,003-S. ..$15.00 Pstpd.

Complete

mirror mount,

4%

A REAL REFLECTOR TELESCOPE

With this scope you can see the craters on the moon,
double stars, or a newspaper headline at a mile!
give theoremcal limit of resolution. Rack and pin focusing, removable

ASTRONOMICAL TELESCOPE
MT. PALOMAR TYPE ONLY
up To 270 POoWER  $7450

MPLETE
with Equatorial Mount, Tripod co

rings of Saturn,
Mirror guaranteed to

real equatorial mountmg—only one adjustment follows

stars! Aluminum tube—takes standard eyepieces. You get 40X Kellner,
%" F. L. eyepiece, one Barlow lens to give you up to 270 Power. /11
mirror corrected to better than 34"

Stock #85,006-S

wavelength.

$74.50 f.o.b. Barrington, N. J.

Check, Measure,
Inspect with this
6 POWER

POCKET
COMPARATOR

(Complete with
Leather Case)

MEASURES

millimeters.

Used to check layouts, HAND
machining __on ‘tools, FAST! ACCURAT
dies, gauges; to check threads, chamfers, wear on cutting
tools, etc.

Stock No.

30,061-S....New Low Price....$19.50 Pstpd.

ASSEMBLED
AND
READY TO USE!

You’ll
detail,

&
tial, is

an
en throigh
by a 17-year-old

Stock

huge craters on the Moon,

(Shipping wt. 10 Ibs.)

See the Stars, Moon, Planets Close Up!
3”7 ASTRONOMICAL REFLECTING TELESCOPE

60 & 120 Power—An Unusual Buy!

Famous Mt. Palomar Type
see the Rings of Saturn, the fascinating planet Mars,
Star’ Clusters, Moons of Jupiter in
Galaxies! Non-breakable aluminum covered tube. Equa-

torial mount with lock on both axes. Aluminized and overcoated
37 diameter high-speed f/10 mirror.
with al

Telescope comes equipped
60X eyepiece and a mounted Barlow Lens, giving you
20 power. An Optical Finder Telescope, always =u essen-
alsb included. Sturdy, hardwood, Dortabie tripod.

Frede Mn;h scope Valuable STAR CHART

“‘Astronomy Book."’
No. 85,050-S $29.50 f.o. b.

Barrington,

DIRECT
MEASURING
POCKET
MICROSCOPE
—50 POWER

No larger than an ordmary fountain pen, this handy pocket
instrument is ideal for making direct reading measure-
ments; for checking small parts and dimensions_under
powerful magnification. Speeds up quality control. Instru-
ment contains a precision, glass etched reticle calibrated for
measurements up to 1/10” .001” divisions. Estimates to
.0005” can easily be made. Chrome reflector at base of in-
strument reflects light on object examined or measured.
Sturdy construction assures long, useful service.

Stock No. 30,225-S... $7.95 Postpaid

un.._L{ nﬂ-ruu

L = =

MAKE YOUR OWN POWERFUL
ASTRONOMICAL TELESCOPE

GRIND YOUR OWN ASTRONOMICAL MIRROR
Complete Kits Including Blank, Tool and Abrasives

All over America amateurs are grinding their
own mirrors and making expensive Telescopes

cheaply. You can do the same using our Kits. Stock No. Dia. Mirror Thickness Price

These contain mirror blank, tool, abrasives, 70,003-S 4/ $_7.50 postpaid

diagonal mirror and eyepiece lenses. You 70,004-S [ e 11.95 postpaid

build instruments ranging in value from $245 70,005-S 8" 1% 19.50 postpaid

to thousands of dollars. 70,006-S 10 ¥ 30.75 postpaid
70 007-S 12" 21" 54.75 postpaid

NEW!

TIC ELECTRICITY
GENERATOR

See a thrilling spark display a s you
set off a miniature bolt of lightning.
Absolutelysafeand harmless. Sturdi-
ly made—stands 14” high. Turn the
handle and two 9” plastic discs ro-
tate in opposite directions. Metal
collector brushes pick up the static
electricity, store it in the Leyden
jar type condenser until discharged
by the jumping spark. Countless
tricks and experiments. 24 page
instruction booklet included.

Slock No. 70,070-5.....c.ccceveeeee....$10.95 Postpaid

J>

SILICONE POLISHING
AND CLEANING CLOTHS

New! Saving industry thousands of dollars. Combines
the miracle of Silicones with a non-woven, all rayon
cloth. Used over and over (washable) to dust, polish,
protect, anti-fog; mirrors, reflectors, lenses, coated
optics, crystal glass, lucite, other plastics. Won’t
scratch, meless. non-oily. Try sample package. Cloth
size 18” x 16".

Stock No. 60,059-S ......................... $1.00 Pstpd.
Sample package—3 cloths
Stock No. 70, 'I37-kS ....26.50 Pstpd.

Lower prices on larger quantities

LAST MINUTE FLASH!
Just Received!

War surplus Infra-Red Telescope items—in-
cluding IP25 Image Tubes; power-packs; In-
fra-Red Filters and complete Telescopes. See
without being seen . . . convert infra-red rays
to visible image. Tremendous advances being
made in use of infra-red in research and de-
velopment. Priced at fraction of Gov’t cost.
Write for Bulletin A-268S.

*

BUILD A SOLAR
ENERGY FURNACE

A fascinating new fleld. You can
build your own Solar Furnace for
experimentation—many practical
uses. It’s easy—inexpensive. We
furnish instruction sheet. This sun
powered furnace will generate ter-
rific heat 2000° to 4000°. Fuses enamel to metal—
produces many unusual fusing effects. Sets paper
aflame in seconds. Use our Fresnel Lens—143,”
diameter . . . f.1. 14",

Stock No. 70,130-S package of 1
Stock No. 70,131-S package of 2
Stock No. 70,132-S package of 4

$ 6.00 Postpaid
11.00 Postpaid
. 20.00 Postpaid

ORDER BY STOCK NUMBER .SEND CHECK OR MONEY ORDER .

EDMUND SCIENTIFIC €CO. 8ARRINGTON,

New! 2 in 1 Combination! Pocket-Size

50 POWER MICROSCOPE
and 10 POWER TELESCOPE

A

ONLY Useful Telescope and Mi-
croscope combined in one
$A4.50 2amazing, precision instru-
4' ment. [ rted! Mo larger
pd than a four |l|| pen, Tele-
PPA-  scope ia 10 Po Micro-
scope magnifies &0 Tl'm Sharp
focus at any range. Handy ports,
looking at smal: objects, n- \ plam
snoopin:
Order Stock #30 059-S... 54 S0 ppd.
Check or

© 1957 SCIENTIFIC AMERICAN, INC

SATISFACTION GUARANTEED!

WRITE

rox. FREE CATALOG-S

Huge selection of lenses, prisms, war surplus
optical instruments, parts and accessories. Tele-
scopes, microscopes, binoculars. Hand spectro-
scopes, reticles, mirrors, Ron-
chi rulings, dozens of other
hard-to-get optical items.
America's No. 1 source of
supply for Photographers,
Hobbyists, Telescope Mak-
ers, afc.

Ask for catalog § /

NEW JERSEY
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a 120-kilocycle oscillator in steps of
6,000, 1,200, 240 and finally 60 cycles.
In the case of my clock the 120-kilocycle
signal is derived from the stable crystal
oscillator. The 60-cycle output of the
final multivibrator is filtered and am-
plified to 110 volts to drive the elec-
tric clock.

“It must be confessed at this point
that the free-running period of multi-
vibrators is influenced by many fac-
tors: the voltage of the plate supply,
cathode temperature, humidity, atmos-
pheric pressure and even, I have had
reason to suspect, the state of one’s
ulcers. The 6,000-cycle unit is so sensi-
tive to triggering influences that it is
apt to lock in step with every disturb-
ance that chances along. It has a re-
volting way, for example, of deciding
to count every 19th pulse or every 21st
instead of the desired 20th. This does
not mean that multivibrators are too
tricky for the beginner. It seems hu-
mane, however, to suggest that prospec-
tive builders of the clock should lay in
an extra supply of aspirin. Fortunately

none of the problems are difficult to
diagnose. Any amateur with patience
enough to make a parabolic mirror will
find this project less exacting. One can
make major changes in the components
at any point, or even start from scratch
again without losing anything but time.
After all, what fun would one get out
of making a piece of gear which be-
haved well on the first try?

“The layout of the parts on the chassis
is not critical. The second tube of the
line-up, the 6SN7 twin triode, should
be installed with some care. This tube
plays a dual role, half of it acting as
the preamplifier for 120 kilocycles and
the other half as the preamplifier for
60 cycles. Hence it may well be placed
next to the oscillator, where it can be
fed with short, direct connections. The
60-cycle half can be fed without ill
effect by any convenient length of wire.
Any method of wiring is satisfactory,
provided it does not complicate the
task of changing resistors and capacitors
in the various multivibrators. The multi-
vibrator circuits must be tailor-made.

The values of the resistors and capaci-
tors [specified in the circuit diagram on
this page] are only approximate. They
work in my clock, but may not in some-
one else’s.

“When the chassis has been wired,
checked and the tubes installed, it is
necessary to set the 150-volt regulator
tube under load for a current of 25
milliamperes. One safe method is to
place a temporary 100-ohm resistor in
series with the ground side of the regula-
tor tube and adjust the variable 20-watt
resistor (beginning at about 2,000
ohms) until a voltage of 2.5 is read
across the 100-ohm resistor. This method
sidesteps the possibility of damaging a
milliammeter, should the circuit be acci-
dentally shorted during adjustment. The
output control in the grid of the 6V6
power amplifier should be set at mini-
mum while the multivibrator stages are
being tamed.

“It is possible to adjust the free-
running period of the multivibrator by
ear. A headphone (connected through
an isolating amplifier) would enable

crystal 62K é %33“
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instrument
abstracts

Applied Physics Corporation/Pasadena/California

Extension of Spectrophotometer Range
t0 1860A Opens New Region for Analysis

The extended ultraviolet wave-
length range of the Cary Model 14
Recording Spectrophotometer has
opened a new region which will per-
mit analysis of @ number of com-
pounds not previously adaptable to
ultraviolet spectrophotometry with
standard instruments.

Accurate direct reading absorb-
ance* to 1860A is now provided with
the Model 14 through the use of opti-
cal elements of increased ultraviolet
efficiency in the double monochroma-
tor. The spectrum of methyl ethyl
ketone vapor, shown, indicates just
one class of compounds whose spectra
in this region provide analytical pos-
sibilities. In addition to ketones, it is

The Cary Model 14 Spectrophotometer provides
performance to 1860A, with possibilities for
even shorter wavelengths. Heretofore such per-
formance was possible only on custom made
instruments.

L

L

1300A 2000A 2100A
This spectrum of methyl ethyl ketone vapor

illustrates the performance of the Model 14 in
the lower wavelength regions.

likely that alcohols, mono-olefines,
aromatics and other compounds will
also have useful spectra in this region.

The prism-grating double mon-
ochromator of the Model 14 is noted
for its high resolving power with low
scattered light (less than a part per
million) in'the ultraviolet, visible and
near infrared regions. By using the
new, more efficient optical elements in
this double monochromator, the ex-
tended range is achieved.

This development is the result of
constant effort to improve the per-
formance, reliability and usefulness
of Cary instruments by taking full
advantage of advancements in mate-
rials, components and technology.

For additional information on
the new Model 14 and other Cary in-
struments, write for Bulletin SAS-2.
*By use of readily interchangeable slidewires,
the Model 14 will also record directly in trans-

mitta:nce, log absorbance or other special
functions.

IMPROVED VIBRATING
REED ELECTROMETER

Faster, simpler measurement of
radioactive isotopes, mass spectrom-
eter ion current, small pH changes,
etc....these and other laboratory
problems involving measurement of
very small charges, currents, and
voltages are now made ‘still simpler
with the new Cary Model 31 Vibrat-
ing Reed Electrometer than by other
methods. The new design provides ten
operating ranges from 1 millivolt full
scale to 30 volts full scale.

The wider choice of ranges means
that users can cover a wide range of
input currents or voltages with the
standard Model 31 and one or two
input resistors, thus in many cases
eliminating the need for special in-
strument modifications and acces-
sories.

The Cary Model 31 replaces the
former Model 30 and provides all of
the features of the Model 30 plus the
added advantages of the new ranges.
A descriptive bulletin (No. SAE-2)
and information on application to
specific problems are available.

Cary instruments:

SPECTROPHOTOMETERS
VIBRATING REED AMPLIFIERS -
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RAMAN SPECTROGRAPH - ELECTROMETERS
INFRARED ANALYZERS -

APPLIED PHYSICS CORPORATION / 362 WEST COLORADO STREET / PASADENA 1 / CALIFORNIA

ULTRAVIOLET AMALYZIERS

© 1957 SCIENTIFIC AMERICAN, INC

|

120-K C | Joscillator
Lcr_ystal 635J7 |

z40-cycle zoo-cycle | 6 KC
imoltivibrator multmbrator multlwbrator
| 6SL7 6SL7 LGSI.7
| eocycle | |voltage | | power B

multivibrator ¥ amplifier —’:amphﬁer [
| 6SL7 | %6SN7 | | 6V6

Block diagram of quartz-crystal clock

one to hear the tone and judge the fre-
quency of their respective outputs. But
a cathode-ray oscilloscope is by far the
best tool for the job. If the amateur
does not own an oscilloscope, he may
be able to interest a nearby television
repairman in the project sufficiently to
get the use of one—or even persuade
the repairman to try the adjustment.

“The oscilloscope is used to examine
the wave forms, and hence the relative
frequencies, of two sources of oscilla-
tion at a time. Before the tests are be-
gun, one lead of a 1-megohm resistor
(of the quarter-watt size) is tightly
wrapped to the tip of each of the oscillo-
scope’s two test-probes, one of which
causes vertical deflections to be dis-
played and the other horizontal deflec-
tions. The free end of the resistors are
thereafter used as probe tips. The tests
are based on the pattern presented by
the ’scope when its inputs are fed with
frequencies related in integral ratio,
such as 4 to 1, 20 to 1 and so on. When
the frequencies are in exact integral
ratio, the resulting pattern is one of the
well-known Lissajous figures. If the hori-
zontal swing of the ’scope makes one
complete oscillation, for example, while
the vertical deflection makes two or
more, the pattern may look like a mis-
shapen crown: there are a number of
vertical teeth around its upper edge. If
the teeth drift a little, the ratio of the
two frequencies under observation is
nearly but not precisely integral.

“The testing and adjustment proce-
dure may be a bit tedious, but it is not
difficult. The probes of the ’scope are
applied to a pair of frequency sources,
the pattern is observed and the circuit
| modified as dictated by the pattern. The
| sources of frequency to be examined are




announcing ... RAYTHEON

Excéllence in Electronics

HARVARD

CALTECH

GRADUATE
PROGRAM

FOR STUDY AT CALTECH,
HARVARD AND M.I.T.
IiN 1958-59

The Raytheon Graduate Program has been established
to contribute to the technical development of scientists
and engineers at Raytheon. It provides the opportunity
to selected persons employed by Raytheon, who are
accepted as graduate students by Harvard, M.L.T.
or California Institute of Technology to pursue, at
Raytheon’s expense, regular courses of study leading
to a master’s degree in science or engineering in the
institution of their choice.

The Program requires, in general, two or three semes-
ters of study, depending on circumstances, with the
summer months spent in the Company’s research, en-
gineering, or manufacturing divisions. It includes full
tuition, fees, book allowances and a salary while at
school. Students also receive health, accident, retire-
ment and life insurance benefits, annual vacation and
other privileges of full-time Raytheon employees.

To be considered for the Program, applicants must have
a bachelor’s degree in science or engineering, and should
have outstanding student records, show technical prom-
ise, and possess mature personal characteristics. They
must be under 30 years of age on September 15 of the
year admitted to the Program. They may apply for
admission to the Program in anticipation of becoming
employees of Raytheon.

YOU ARE INVITED TO ADDRESS YOUR INQUIRY
to Dr. Ivan A. Getting, Vice President, Engineering
and Research, outlining your technical background,
academic record, school preference, and field of interest,
prior to December 1, 1957.

RAYTHEON MANUFACTURING COMPANY, Waltham 54, Mass.
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AURORAL SPECTROGRAM
OSLO, NORWAY

5577 o1

__ —— 5890 Na
TL— 5896

6300 O1
6363 OI
6563 Ha

Dr. D. K. Berkey, Dept. of Physics and
Astronomy, Colgate University, uses spec-
trograph built around BEL grating to
record auroral spectra (Left) in Oslo,
Norway.
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GET MORE SPECTRAL
DATA, FASTER...WITH

Bausch & Lomb

CERTIFIED-PRECISION

GRATINGS

You get more light—in shorter exposures—with B&L gratings.
Great dispersion gives well resolved spectra. Standard equip-
ment, the world over, for IGY observations. Choose for your
specific needs from over 100 different transmission and reflect-

ance gratings.

FREE DATA BOOK/! Write for Catalog D-261.
Bausch & Lomb Obptical Co., 78157 St. Paul Street, Rochester

2, New York.

BAUSCH & LOMB

SINCEV]HSE

America’s only complete optical source. . . from glass to finished product.
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designated by lettered test points [see
circuit diagram on page 236].

“The testing routine begins with the
6,000-cycle multivibrator. First place
the vertical test-probe of the ’scope on
point A, the output of the 120-kilocycle
oscillator, and the horizontal probe on
point B, the output of the 6,000-cycle
(we hope) multivibrator. Remove the
6SL7 tube from the succeeding 1,200-
cycle multivibrator. Adjust the gain
controls of the ’scope for a pattern of
convenient size. Now rotate the variable-
grid resistor (10 K) of the 6,000-cycle
multivibrator to produce a stationary
pattern on the ’scope. Several such
points will doubtless be found. Select
one for examination. Adjust the gain
control of the ’scope for full deflection
and count the teeth in the pattern. With
luck, the count will be 20 [see drawing
on page 242]. If the count is higher or
lower, select another of the stable points
and count again. If none of the settings
yields the desired count of 20, the value
of the 4.7-K resistor in the grid circuit
of the second multivibrator tube must
be altered. Remove the 4.7-K resistor
and substitute a rheostat for it. (One
made of a 100-K potentiometer will do.)
Now set the 10-K variable grid resistor
of the first tube to its midpoint and vary
the rheostat. Increased resistance will
lower the multivibrator frequency, caus-
ing more peaks to appear; decreased
resistance will do the opposite. A setting
will be found which yields the 20 sta-
tionary peaks desired. Measure the
value of the rheostat with an ohmmeter,
select a corresponding fixed resistor close
to this value and substitute it for the
rheostat. Replacing the rheostat with
the fixed resistor will alter the circuit
enough to change the count, but a set-
ting of the variable 10-K resistor should

+aoo\£
soK 50K
001 001

m

Circuit diagram of a multivibrator

A
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WHY. DOUGLAS ENGINEERS AND SCIENTISTS GO FURTHER...

T

At DOUGLAS

...your
missiles assignment
can be as big as
your talents

Now in its 16th year, the Douglas missiles
program is projected far into the future
by such exciting new projects as THOR

Out of such veteran projects as Nike and
Honest John are coming fantastic new mis-
sile systems to challenge the finest engineer-
ing talents in the land.

Since early in World War II, Douglas has
been engaged in missile projects of prime
importance. New engineering teams are con-
stantly being formed for research, design,
development and production. Engineers
advance rapidly as Douglas expands its
leadership in this challenging field.

You are stimulated to accelerate your
career by the importance of each assignment
...by the help of your associates who are
recognized experts in missile work ... by the
vastness of opportunity for engineers in this
company that is run by engineers.

There is no more promising future than
that which awaits you in the Douglas
Missiles Divisions.

THOR —an intermediate range ballistics mis-
sile now under development— has top priority
in our country’s program for national defense.

For complete information, write:

E. C. KALIHER,

MISSILES ENGINEERING
PERSONNEL MANAGER,
DOUGLAS AIRCRAFT COMPANY,
BOX 620-N,

SANTA MONICA, CALIFORNIA

GO FURTHER

OOUGLAS A

24|
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the manometer
becomes an operational
instrument for research
and industry

EXACTEL
SERVOMANOMETERS

precision of a manometer
. . . utility of a servo

Presents column height as a proportional
shaft position.

Uses any manometer liquid.
Maximum convenience of operation.
Fast, high performance, high torque servo.

Optional use of stainless steel tube for high
pressure or great range.

Greatest resolution and precision of any
pressure instrument.

Assured long term accuracy.

Sensitivity of one micron when using vac-
uum oil as manometer liquid.

Slotted plate area permits mounting and
gearing of readout and control devices.

Complete freedom from drift.
Available in great ranges.

Permanent reference evacuation for
barometers.

Write for Exactel Bulletin
500. Exactel Instrument Co.,
5545 Eva Avenue, Los Altos,
California
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| now be found that will restore it to 20.
“Replace the tube previously removed
from the 1,200-cycle multivibrator and
| remove the corresponding tube from the
240-cycle unit. Put the vertical probe
on point C and the horizontal one on
the ungrounded side of the heater cir-
cuit at any convenient point. This feeds
the horizontal sweep of the ’scope with
the frequency of the power line. If the
second multivibrator is oscillating at the
desired 1,200 cycles, the ’scope pattern
will again show 20 teeth. A slow rotation
of the pattern will doubtless be ob-
served, indicating that the power-line
frequency is not a precise multiple of the
crystal frequency—not quite the 60 cy-
cles customarily advertised. If, in con-
trast, the pattern shows a pronounced
vertical deflection and moves rapidly,
substitute the rheostat (just removed
from the 6,000-cycle multivibrator) for
the 10-K resistor in the grid circuit of the
first tube of the 1,200-cycle multivibra-
tor. Again verify the frequency of the
6,000-cycle unit. Now vary the rheostat
to produce the 20-tooth pattern, with
perhaps the slow rotation mentioned
(the vertical probe of the ’scope being
on point C and the horizontal one on the
ungrounded heater circuit) . Measure the
value of the rheostat setting which yields
a count of 20 and replace the rheostat
with a fixed resistor of this value. Again
verify the operation of all units of the
assembly to this point. The adjustment
procedure is similar for the remaining

29:1 ratio

vertical probe of
oscilloscope at

| point , hori-
zontal probe at
poiht‘@

units. In each case, while a unit is being
adjusted, the first tube of the following
unit must be removed from its socket.
The horizontal probe of the ’scope re-
mains on the ungrounded side of the
heater circuit while the 1,200-, 240- and
60-cycle units are adjusted. The vertical
probe is placed at point D (the output
of the 240-cycle unit) and the 47-K grid
resistor adjusted until the pattern shows
four peaks. Similarly, with the vertical
probe at point E (the output of the 60-
cycle unit), alter the 15-K grid resistor
(of the second tube) for a pattern dis-
playing a single peak. Finally, place the
vertical probe on point F (the output of
the 60-cycle preamplifier). The pattern
should now take the form of a smoothly
rotating ellipse which slowly changes
into a straight line at one extreme and
opens into a circle at the other.

“All may not go smoothly. When the
tube of the 1,200-cycle unit is replaced
following the adjustment of the 6,000-
cycle unit, for example, the 6,000-cycle
unit may tend to lock into a higher or
lower multiple of the crystal frequency
(because of the shunting effect of the
1,200-cycle tube). A simple adjustment
of the 10-K variable resistor may cure
the difficulty. At the other extreme, it
may be necessary to repeat the whole
procedure and find still another value
for the original 4.7-K resistor. If so, your
luck will improve on the second try be-
cause the 1,200-cycle multivibrator will
now tend strongly to lock in at its de-

4.1 vatio

vevtical probe
at point

1:1 vatio
vertical probe at point

Lissajous figures of multivibrators as displayed on the face of a cathode-ray oscilloscope
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IN ENGINEERING THE BEST OPPORTUNITIES ARE IN AVIATION®IN AVIATION THE BEST OPPGRTUNITIES ARE AT TEMCO

(it Temeo GROWTE +olls the stoy

Growth — in expenditures for research and develop- Temco’s research and development plans continue
ment, for example — tells the Temco success story. to expand. This growth is providing experienced engi-
Temco’s investment in research and development neers an unequalled opportunity in electronics,
guidance systems, jet aircraft, missiles and weapons

in the last year increased more than 500% over the
substantial sum spent in 1954! This tremendous RIS,
growth in developmental efforts is part of a long- r—-————-—-————————————————— -——7

range program to establish Temco firmly in the

electronics and missile weapons system field. MR. JOE RUSSELL, Engineering Personnel

R 110K, T Aircraft ., Dallas, T
The investment is paying off handsomely. Temco oom 2D At (g 1O, 2D

was awarded prime contracts for three of its own
missile and aircraft designs last year. Operations
research studies continue in other areas, particularly
the nuclear field.

Please send me complete details of the Temco story
of unusual opportunities for experienced engineers. I
am especially interested in

NAME

ADDRESS

AIRCRAFT CORPORATION o Dallas, Texas

IN ENGINEERING THE BEST OPPORTUNITIES ARE IN AVIATIONIN AVIATION THE BEST QPPORTUNITIES ARE AT TEMCO
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NEW
LOW-NOISE
CHOPPER

Bristol’s Syncrovertert chopper is now avail-
able in a low-noise, external-coil model for
critical dry circuit applications.

This new external-coil chopper virtually
eliminates capacitive coupling between sig-
nal-circuit contacts and driving coil leads.
Peak-to-peak noise levels are usually less
than 100 microvolts across a 1 megohm
impedance (rms noise, in the order of 10
microvolts).

LONG LIFE and immunity to severe shock
and vibration are outstanding characteristics
of the new Syncroverter chopper. With-
stands vibration, 5 to 2000 cps, up to 30G,
and up to five 30G impacts on any major
axis. SPDT switch action. Nominal contact
ratings: up to 10 V, 1 ma.

Write for complete data on this latest ad-
dition to the Bristol Syncroverter line. The
Bristol Company, 133 Bristol Road, Water-
bury 20, Conn. 7.32
1T.M. Reg. U.S. Pat. Off.

TYPICAL CHARACTERISTICS
Driving Frequency
Range:

Coil Voltage:

0--1800 cps

6.3 V sine, square,
pulse wave

70 milliamperes
52 ohms

60° = 10°

15° max.

15® £5%

—55°C to 100°C or
—65°C to 125°C
Any

Fiange; 2-hole or 4-hole
Plug-in; fits 7-pin
miniature socket

*These characteristics based on sine-wave
excitation, 400 cps.

B R l STO L Automatic Controls

Recorders « Telemeters « Socket Screws
Choppers and High-speed Relays « Aircraft
Pressure-operated Devices

#Coil Current:

Coil Resistance:
#Phase Lag:
*Dissymmetry:
*Switching Time:
Temperature Ranges:

Operating Position :
Mounting:
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Circuit diagram o f power supply for quartz-crystal clock

signed frequency. The desired goal has
been brought much closer by virtue of
previous adjustments.

“A permanent indicator of over-all op-
eration, although a rough one, is pro-
vided by a small neon-lamp circuit [see
diagram on page 242]. Test-point L of
the indicator is connected directly to one
side of the 110-volt power line [also see
point L in diagram on page 236]. Nor-
mally, as the line frequency drifts in and
out of synchronization with the 60-cycle
frequency derived from the crystal, the
lamp pulsates gradually from dark to
bright and back again in step with the
difference frequency of the two. If the
multivibrators are not synchronized, the
lamp will pulse rapidly.

“A 60-cycle, 110-volt electric clock
drawing not more than three watts is
now connected to the output of the pow-
er amplifier. As the gain control of the
power amplifier is advanced to produce
an output of 110 volts, the motor should
start running.

“One final pair of adjustments puts the
clock in business. It must be regulated
(the crystal frequency adjusted as close-
ly as possible to 120 kilocycles) and the
hands set for correct time in the local
time zone. The control device to regu-
late the rate at which the clock runs is
based on the fact that a piezoelectric
crystal can be forced to vibrate faster or
slower than its natural period (within
narrow limits) by altering the amount of
electrical ‘push’ imparted to the crystal
during each vibration by the associated
vacuum-tube oscillator—just as the pen-

| dulum of a mechanical clock can be

made to beat slightly faster or slower
than its natural period by altering the
amount of energy imparted to or sub-
tracted from the pendulum by the es-
capement mechanism. Driving energy
for the crystal, in the form of periodic
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pulses, is taken from the oscillator tube
through a variable capacitor which cov-
ers a range of 8 to 50 micromicrofarads.
This capacitor may be thought of as a
rough regulating adjustment. A second
variable capacitor (1 to 5 micromicro-
farads) is connected between the ‘hot’
side of the crystal and the ground. It
shunts a portion of the energy from the
tube to the ground, the amount depend-
ing upon the setting of the capacitor.
This is the ‘fine’ adjustment.

“The primary reference frequency in
this country is the time signals broad-
cast by radio station WWYV of the Na-
tional Bureau of Standards. These sig-
nals appear on carrier frequencies of 2.5
megacycles, 5 megacycles, 10 megacy-
cles and so on in multiples of 5 mega-
cycles up to 25 megacycles. The signals
can be picked up almost anywhere on a
short-wave radio. They are accurate to
better than one part in 100 million. All
WWYV carrier frequencies are modulated
periodically by time announcements in
voice and by a series of pulses or ‘ticks’
which persist for .005 second and com-
mence each second.

“Tune in WWV and listen to the sec-
onds tick. Then, by any convenient
means, arrange your clock so it will also
make audible second clicks. My clock is
of the drum-counter type, in which a
ratchet coupled to the drum mechanism
is moved by a motor-actuated pawl. The
movement of the drum begins on the
minute and the pawl clicks precisely
three seconds later. The clock is set
roughly by WWV’s voice announcement
and regulated by comparing the click of
the pawl with the fourth tick (after the
minute) of WWV, This is the tick mark-
ing the end of the third second. It is
possible to judge the interval between
the tick of WWYV and that of my clock
within about a tenth of a second, de-



“STUDY FOR ECLIPSE,” a preliminary development by the creative team
of Simpson-Middleman, artists whose work is a penetrating expres-
sion of the forces and phenomena of the natural sciences. This
painting is one of the steps—ground structure—in which the ulti-
mate action will take place. Courtesy of John Heller Gallery, Inc.

Find the design of your future—at Boeing

Engineers and scientists at Boeing are today busy
determining the shape and nature of aircraft and

missiles for the years to come.

You could, among their advanced projects, find the
design of your future . . . in such fields as inertial or
electronic guidance, chemical fuel propulsion, su-

personic guided missile weapons systems, or in any

of the myriad aspects of extreme supersonic flight.

There are challenging, and superior, openings at
Boeing now—not only in design and research,
but in production and service as well.

Drop a note now, to John C. Sanders, Engineering

Personnel Administrator, Boeing Airplane Company,
Department B-67, Seattle 24, Washington.

BOESING
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Youns - the
Telescope Now
by Over 40
colleges'

the famous

DYNASCOPE

COMPLETE 95 F.0.B. Hartford, Conn.
f | Shipping Wt. 16 Ibs.
oronly Express Charges Collect

HIGHEST POWER and PRECISION

ONE 4" Reflector
Used and Approved

PROOF OF SUPERIORITY
(On Request—a List of
Great Institutions Now Us.
ing the4” DYNASCOPE)
TESTIMONIALS:

FROM AN OBSERVER

On clear ‘“‘good-seeing’’
nights my Dynascope
easily reveals the Alpine
Valley and the Straight
Wall on the Moon. It will
show three peaks in the
floor of the Plato crater,

It will split the star Mizar
into its major components
clearly. It will separate
Saturn’s ring and show six
bands on the face of Jupi-
ter. Also it will project a
two-foot diameter disk of -
the sun showing sunsnots

in vivid detail ... As a|
Englishman mluht express e
it, ‘““Dynascope optics are

a little bit of alright.”
—VICTOR W. KILLICK,

In Charge of Astronomical
Observatory, Sacramento
Junior College, Calif.

MANY YEARS EXPERIENCE

. | have had many years
experience in astronomy,
and as Junior Leader here

—~ at LOWEST POSSIBLE (COST!
Used, approved and recom-
mended by more schools,
planetaria and professional
astronomers than any other
telescope at the price any-
where! You'll agree over 40
colleges can't be wrong!
The 4” parabolic mirror
gives you 13 more light than
any 312” mirror! Gives you
exquisite images of star
clusters, nebulae comets,
planets, eclipses and fully

ADVANCED FEATURES
1) 4-INCH PARABOLIC MIRROR—aluminized
and zircon quartz for longest life!
2) 3 ACHROMATIC EYEPIECES—65X
Huygens, 130X and 167X Ramsdens!
3) RACK & PINION Focus!
4) 4-POWER Achromatic FINDER SCOPE! a
5) Combmahon Equatorial & Alt-azimuth
MOUNT with free-moving Polar Axis!
6) BAKELITE TUBE!
7) 4-POINT Tube Suspension!
8) 33" Hardwood folding TRIPOD!

in Atlanta | always rec-
ommend Dynascope.
—LEONARD B. ABBEY,
Jr., Decatur, Ga.

CANNOT BE EQUALLED

I still don’t see how you
can produce a parabolic
mirror of this focal ratio
t the price... Epsilon
Lyra was quife easy.

on the 130 power ocuiar.
| was more than pleased
when it resolved these four
stars as four tiny, sharp,
brilliant gems ... and
each tiny disc vas sharp
and round, with the dif-

capable of “splitting’ the

finest doubles! Finished to most exactmg specifications—guaranteed to

perform to Dawes’ limit for its size!

Comes to you COMPLETE—nothing else to buy, no extras! You take no
risk. We UNCONDITIONALLY GUARANTEE DYNASCOPE to give you absolute
satisfaction—or your money back. Prompt delivery now. Send check or

ILLUSTRATED LITERATURE ON REQUEST

DEPT. DSA9 CRITERION MANUFACTURING CO.
331 Church St., Hartford 1, Connecticut

money order today!

This valuable 38-page book
is yours for the asking!

With the artificial satellite and space travel
almost a reality, astronomy has become
toda{I s fastest growing hobby. UNITRON’S
new handbook contains full-page illustrated
articles on astronom observing, tele-
scopes and accessories. Of interest to
beginner and advanced amateurs alike.

Contents include —

« Observing the sun,
moon, planets and
wonders of the sky

= Constellation map
« Hints for observers
o Glossary of telescope terms.
o How to choose a telescope

o Amateur clubs and research
programs

UNITRON

of UNITED SCIENTIFIC CO.

204.6 MILK STREET - BOSTON %, MASS

Please rush to me, free of charge, UNITRON'S new
Observer's Guide and Telescope Catalog.

B Name. B
Street

Wiy N |

L | N B N B B | - J
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fraction rings concentric
and sharp.

. or the price you
ask i do not believe that
it can be equalled in any
way. he oculars are
excellent, and the entire
instrument shows careful

workmanship. How you do
it is beynnd me.

-G. JOHNSTONE,
Albuquerque, N. M

40 POWER postpaid 557.50

HIGH POWER SPOTTING SCOPE—American Made
Big 3” diameter Achromatic Coated Objective will give
bright crystal clear images. Micrometer Spiral Focusing
Draw Tube. Lightweight aluminum construction throughout,
black crackle finish, length open 22”, closed 15%"”. Upright
image. Guaranteed to give superb performance.

MOUNTED AIR SPACED OBIECTIVES

We offer the finest hand-corrected air
spaced American made astronomical objectives.
Mounted in Black Anodized Aluminum Cells.
DIA. F.L. PRICE PRICE
3Y4” 48" Coated $32.00 Not Coated $28.00
4yg” 62" Coated $69.00 Not Coated $60.00

We can supply ALUMINUM TUBING for the above lenses.

MOUNTED 114 0.D. EYEPIECES

12.5 mm I".L. Symmetrical .
16 mm F.L. Ertle (Wide A

16 mm T, Triplet ...
18 mm F.L. Symmetrical
22 mm F.L. Kellner

32 mm F.L. Orthoscopic .

35 mm F.L. Symmetrical

55 mm I.1.. Kellner

7} 144 Our selection of diame-
ters and focal lengths is
the largest in the United

States available for immediate delivery. Perfect magnesium

fluoride coated and cemented achromatic telescope ohjectives.

Aluminum tubing and cells available for lenses listed helow.
Send for complete list of other diameters and focal lengths.
Dia. F.L. EACH Dia. F.L. EACH
215" $12.50 35" 15" $21.00
215" $ 9.75 $22.50
213" $12.50 $30.00

$12.50 $67.00

$12.50 $85.00

ASTRONOMICAL TELESCOPE MIRRORS

Polished to Y2 Wave and Alummlxed

Dia, Postpaid

35" -1'2 $ 9.75
Pyrex 41" 45" $13.50
Pyrex 6" 60" $25.00

[ Free Catalogue “MILLIONS’’ of Lenses, etc. ]

We pay the POSTAGE—C.0.D.’s you pay postage—Satisfaction
guaranteed or money refunded if returned within 10 days.

« JAEGERS

B9l A Merrick Road
LYNBROOK, N.Y

© 1957 SCIENTIFIC AMERICAN, INC

pending on how far my clock is running
ahead of, or behind, WWYV. Note the dif-
ference when the new clock is put into
operation. At the end of an hour the dif-

| ference will doubtless have increased or

decreased. Rotate the fine adjustment a
few degrees and note the setting. An-
other hour should show the effect of the
adjustment. Mark the dial of the regu-
lator control with an arrow to indicate
the direction in which the knob must be
turned for ‘fast’ and ‘slow.” If the rate
requires major adjustment, use the
rough control. From this point the task is
merely one of narrowing the margin of
error. When finally set, the clock should
remain within a 10th of a second of
WWYV for weeks on end.

“Some amateurs may live in areas
where WWYV cannot be heard. It is pos-
sible for them to set and regulate the
clock with fair accuracy if they can pick
up a radio station which broadcasts on a
frequency which has a submultiple of

! 120 kilocycles, such as 600 cycles, 720,

840, 960, 1,080 and so on. The plate cir-
cuit of the preamplifier provides access
to the crystal frequency through a 10-
micromicrofarad capacitor at the point
marked ‘test’ [see circuit diagram on
page 236]. This frequency is compared
with that of the broadcasting station by
connecting a wire between the test point
and the external antenna post of the
radio receiver, tuning in the station and
listening for the beat or difference fre-
quency of the clock and station. If the
receiving set has an internal-loop anten-
na instead of an external antenna, drape
a foot or two of wire (connected to the
test point of the clock) over the loop
antenna of the set. Adjust the volume of
the set so the beat can be heard clearly.
The sound will doubtless resemble an
undulating or pulsating swish. The rate
of the pulsation is equal to the difference
frequency between the clock and a sub-
multiple of the carrier frequency. Adjust
the regulating controls of the clock for
zero beat. The clock will then be as ac-

0 | curate as the frequency of the broadcast-

ing station—which is pretty good.

“The adjustment procedures have
been outlined in some detail because, as
those who undertake the construction of
this clock will discover, it is no ‘cook-
book’ project. Multivibrators are such
fickle critters that each clock must be
regarded as an original project in its own
right. But the instrument is worth what-
ever time and patience it costs. Once
operating, the 60-cycle output can be

| further amplified if desired and wired to

distant locations for driving all sorts of
apparatus, including telescopes, seismo-

| graph pens and so on.”



Above: Members of the Santu Cruz Test Base
discuss site development problems. Left to
right: J. W. Strain, Propulsion Systems
Engineer; A. L. Hubbard, Manager of the
Santa Cruz Test Base; Dovle F. Mattson,
Instrumentation and Electronics Engineer; and
T. J. Blecher, Ordnance Development and

Test Section Engineer.

PALO ALTO -
37 MILES FROM
SAN FRANCISCO

- SUNNYVALE =
38 MILES FROM

o - \\?:N FRANCIBCO
o= SANTA CRUZ

TEST BASE -
50 MILES FROM

BaAMN FRANCISCO
PALD ALTO
SUNMYVALE

SANTA CRUZ
TEST BASE

SAN FRANCISCO

Lockheed Missile Systems announces:

FIRST OPENINGS FOR ENGINEERS
AT NEW SANTA CRUZ TEST BASE

Lockheed Missile Systems is now expanding and staffing its new Santa Cruz,
California, Test Base for major operations.
The expansion presents & number of unusually attractive aspects to engineers.
M It is a seldom-encountered opportunity to join a staff in the first stage of
expansion — a stag in which supervisory positions are still open.
B The activities of the base will be advanced and varied in scope, including:
Development tests of missile components and subsystems
Systems test and evaluation of prototype missiles under simulated
flight conditions
Development, design and testing of all types of ordnance and explosive
actuating devices
B Moreover, engineers at the base will have a broad view of the entire missile
system in their development, design and testing efforts.

Immediate openings are for:

Propulsion Test Engineers « Missile Systems Analysts and Dynamicists
Instrumentation and Data Specialists » Ordnance Design and Development Engineers
Electronic Systems Test Engineers « Ordnance Instrumentation and Test Engineers.
Those interested in joining a new and expanding effort are invited to write

the Research and Development Staff at Palo Alto 4 or Van Nuys 11, California.

Santa Cruz Test Base — The Santa Cruz base is unique among test sites in

its favorable living and climatic conditions. The Santa Cruz area itself is one of the
outstanding vacation regions in the West. It enjoys as fine a climate as

the nearby Santa Clara Valley, where Lockheed’s Sunnyvale and Palo Alto staffs

are located. The base is within 30 minutes of city residential areas in
Santa Cruz, Suburban areas are even closer.

VAN NUYS-—
22 MILES FROM
LOS ANGELES

VaN NUYS
LOS ANDELES

;/I
?f//&f?{/ MISSILE SYSTEMS

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION

PALO ALTO - SUNNYVALE « VAN NUYS, CALIFORNIA

© 1957 SCIENTIFIC AMERICAN, INC



© 1957 SCIENTIFIC AMERICAN, INC



ORIENT HIM

Orient a helicopter pilot in zero visibility. The problem, complicated by his ability to
hover and to fly vertically, backwards, and sideways was being solved by many instru-
ments. To simplify the “blind flying” panel, the Navy asked Waldorf Instrument Division
of Huyck (pronounced Hike) to design a one instrument system for automatic navigation.

Waldorf designed, engineered, and now produces a single instrument that tells the
pilot his position in space: his attitude, altitude, rotor pitch, rate-of-turn, bearing to
destination, direction to fly, distance in miles, and when to fly up or down, left or right
to make a perfect instrument approach. All this the pilot reads at a glance on the six-inch
diameter face of an instrument weighing a small fraction of the six instruments it
replaces.

This is one example of Waldorf’s contribution to the science of automatic navigation.
Waldorf also engineers and manufactures complete systems and instruments in the
fields of hydraulics, electronics, and electro-mechanics. These products include instru-
ments, computers, precision controls, test devices, simulators, servo-mechanisms,
valves and actuators for industry and the Armed Forces.

Waldorf will undertake creative solutions for your problems, military or commercial,
in the development and production of precision instrumentation and controls. For
brochure and further information write to Waldorf Instrument Co., Dix Hills, Long
Island, New York.

INSTRUMENT
DIVISION OF
Plants at Dix Hills, L.l., New York, and Bristol, Rhode Island C
F.C. | | [J .I I;&SONS

Rensselaer, N. Y. Plants at Rensselaer, Aliceville, Ala.,
Cavendish, Vt., Peterborough, N. H.
In Canada: Kenwood Mills Ltd., Arnprior, Ontario

Interesting opportunities for qualified electronic
and hydraulic engineers exist at Waldorf.
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An invitation to share in the benefits of

“The Library of Science

and to accept as a Gift on joining

the four volumes of THE WORLD OF MATHEMATICS

This invitation is extended to bring to your attention the role of The Library of
Science in the work and thinking of over 35,000 of your scientific colleagues.

As a member, you will join them in receiving, at substantial savings, the books
of enduring value in scientific thought and research; volumes presenting the
new discoveries of the individual disciplines; books illuminating the personali-

About this month’s Selection

-

The Library of Science

59 Fourth Avenue, New York 3, N. Y

Please enroll me as a member and send the works indicated
below, one as my Membership Gift on joining, and the other
as my first Selection (to be billed at the reduced Member’s
Price plus a small shipping charge). I need take as few as 5
more Selections in the next 24 months, and after every fourth
Selection, I will receive a free Bonus Book of my choice.

Soon to be offered to members of The
Library of Science as the Sepiember Selec-
tion, A History oF TECHNOLOGY ( Volume
One) —edited by Charles Singer, E. 1,
Holmyard and A. R. Hall-is, according
to Scientific American. & *monumental
project . . . which will appeal to anyone
interested in the evolution of tools and
techniques and ‘the marvelous develop-
ment of man’s ability to munipulite na-
ture. . . . A first-rate contribution to the
study of history of science,”

827 puages long, contuining over 600
illustrations and full-page plates. with con-
tributions by 28 leading scholars and sci-
entists, this authoritative work is the first
of a projected five-volume series which,
when complete, will récreate the develop-
ment of scientific technology from the
earliest known period of pre-history until
the present day. Each of the five volumes,
as they appear, will be offered as Librury
of Science Selections at reduced Member's
Prices.

Volume One of the History, From Early
Times to Fall of Ancient Empires, is pub-
lished by Oxford University Press at
$26.90, and is available exclusively
through The Library of Science at the
extraordinary Member's Price of $9.95,
To order it as your first Membership
Selection — along with your membership
Gift set, The World of Mathematics—use
the coupon below

Membership Gift

ties who shape the world of science; works that broaden the paths of commu-
nication between all fields of scientific inquiry.

To start your Membership, choose THE WORLD OF MATHEMATICS as your gift
on joining, along with Volume One of A HisTORY OF TECHNOLOGY as your
first Selection at the extraordinary Member’s Price of only $9.95 (published at
$26.90). Thereafter, youneedtake as fewas 5 more Selections out of a total of
at least 40 that will be offered—always at reduced Member’s Prices—during the
next 24 months. After every fourth Selection, you also receive a free Bonus

Book of your choice.

Any one of these fine works may be substituted

as your first selection or gift book on joining

- --

PHILOSOPHY OF SCIENCE

By Philipp G. Frank. The broad philo-
sophical implications of the quantum theory
and the theory of relativity are analyzed by
the distinguished theoretical physicist.

List price $8.00 Member’s price $5.75

THEORIES OF THE UNIVERSE

Edited by Milton K. Munitz. Space, Time
and the Creation of the Universe—the first
one-volume presentation of the develop-
ment of cosmology from Plato until the
present day.

List price $6.50 Member’s price $4.95

A STUDY IN THINKING

By Jerome S. Bruner & associates. A major
study of the psychology of cognition, based
on a S5-year experimental project at Har-
vard. “An exciting and thought-provoking
book.” Science.

List price $6.00 Member’s price $5.00

First Selection

FRONTIERS OF ASTRONOMY

By Fred Hoyle. “The directions in which
astronomical thought is tending on the
frontiers of astronomy . .. discussed in a
fascinating manner.” The (London) Times.
List price $5.00 Member’s price $3.95

MATHEMATICS AND

PLAUSIBLE REASONING

Two VOLUMES. By George Polya. An-
alyzes the methods of scientific problem
solving, showing their origins in mathemat-
ical reasoning and their applications in other
fields of inquiry.

List price $9.00 Member’s price $6.50

THE LAWS OF NATURE

By R. E. Peierls. “A remarkable insight
into the logic and unity of physics [and]
how the separate ideas fit together to make
a wonderfully coherent structure.” Scien-

tific American.
List price $4.50 Member’s price $3.95

YOURS AS A GIFT
on joining
THE LIBRARY OF SCIENCE

The vast 2500-year panorama of
the development of mathematical
thought, edited with 89 interpre-
tative essays by James R. Newman.
2535 pages, 500 illustrations.

NAME Four volumes boxed
PUBLISHED AT $20.00
ADDRESS
(=]} 4 SN ZONE STATE. =
423 THE LIBRARY OF SCIENCE 59 Fourth Ave., New York 3 Y
L S p———— GEad
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by Gilbert Ryle

PHiLosorHICAL REMARKS ON THE FoUN-
DATIONS OF MATHEMATICS, by Lud-
wig Wittgenstein. The Macmillan
Company ($5.75).

he late Ludwig Wittgenstein was
I a deep and influential philosopher
of science, yet outside the circle
of professional philosophers little is
known of the man and his work. This
book is the second collection of his pa-
pers to be published since his death.
The editors of SCIENTIFIC AMERICAN
have asked me to take this occasion, not
to review the book, which in any case is
too specialized for the general reader,
but briefly to describe who Wittgenstein
was and what he did.

First for the man.

He was born in 1889 in Austria and
died in 1951 in England. He was of
Jewish origin, though he was brought up
a Roman Catholic. He, with the rest of
his family, was intensely musical. His
father was a wealthy steel magnate. He
himself was trained as an engineer, and
was engaged in aerodynamical re-
searches in England when in 1911 and
1912 he became perplexed about the
logical and philosophical foundations of
mathematics. Advised, apparently, by
the German mathematician Gottlob
Frege, he went to Cambridge to study
under the author of Principles of Mathe-
matics, Bertrand Russell.

During the First World War he
served in the Austrian army, and ended
up a prisoner-of-war in Italy. His ruck-
sack contained the manuscript of the
only book of his that was published dur-
ing his lifetime, the Tractatus logico-
philosophicus. This was published in
1922, with the German text faced by an
unreliable English translation. It con-
tains an introduction by Russell, but
Wittgenstein disapproved of this. A re-
vision of the translation should appear
fairly soon. Wittgenstein became pro-
fessor at Cambridge in 1939, succeeding

BOOKS

The work of an influential but little-known

philosopher of science: Ludwig Wittgenstein

G. E. Moore, and he resigned in 1947.

He was a spellbinding and somewhat
terrifying person. He had unnervingly
piercing eyes. He never used hackneyed
expressions—not that he strove after
originality of diction, but he just could
not think in clichés. To his own regret,
he could not help dominating his asso-
ciates. He remorselessly excommuni-
cated persons of whom he disapproved.

He loathed being connected with
academic philosophers, and he avoided
academic chores. After 1929 he attend-
ed no conferences; he did no reviewing
for journals; only once did he attend a
philosophical meeting in Oxford; he was
inaccessible to visiting philosophers; he
read few, if any, of the philosophical
books and articles that came out during
his last 25 years.

He was like Socrates in rigidly sepa-
rating the philosopher from the sophist;
unlike Socrates in shunning the market
place; like Socrates in striving to con-
vert his pupils; unlike Socrates in feeling
the need to conserve his genius by in-
sulation. He was hermit, ascetic, guru
and Fiihrer.

What of the philosopher?

He had no formal training in philoso-
phy. His ferments came from his own
insides. I do not know just what shape
his initial perplexities about mathema-
tics took. Anyhow he consulted Frege
and Russell, and studied their logico-
mathematical writings; the central prob-
lems of his Tractatus, though not the
same as theirs, were clearly reactions to
their doctrines.

Frege and Russell tried to show that
all pure mathematics derives from the
completely general truths of formal
logic, i.e., that these truths stand to
arithmetical truths as Euclid’s axioms to
his theorems. But what was the point
of trying to demonstrate this continuity
between logic and arithmetic? Surely
the truths of mathematics are as well
established as anyone could demand, so
what is gained, except for tidiness, by
underpinning them with an ulterior
foundation?

At that time reflective mathemati-
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cians were in trouble. Their science
seemed all limbs and no body. The very
vigor of these branches was generating
cross-purposes between them. The no-
tion of number itself seemed to take as
many shapes as there were branches of
the science of number. Mathematics felt
like a caravanserai, not a house.

Its external relations with other sci-
ences also were precarious. John Stuart
Mill had likened the truths of mathe-
matics to those of the natural sciences:
they are generalizations from experience,
susceptible of overthrow by unexpected
exceptions. It would be much more sur-
prising to find an exceptionto 7 + 5 = 12
than to find a black swan, but only much
more. Which is absurd. For another
thing, many thinkers, when asked, “Of
what entities is mathematics the sci-
ence?”, were giving a psychological an-
swer. The physical world contains count-
less sorts of things, but it does not con-
tain numbers. There are nine planets,
and the earth has one moon. But you
cannot see 9 or 1. So, if numbers are not
physical things, what else is there for
them to be, save ideas in our minds or
thoughts or something of the sort? But
then arithmetic ought to make allow-
ances for the differences between what
goes on in lunatic and in sane minds; in
visualizers” and in nonvisualizers’ minds,
and so on. Which is absurd.

Because mathematics needed, inter-
nally, coordination between its members
and, externally, autonomy from the in-
ductive sciences, especially psychology,
its affiliation to logic felt like a rescue
operation. Mathematics could be saved
from internal discord and from external
pressures by becoming part of the un-
challengeable science of logic.

But what sort of science is this?
What sort of truths are the truths of
logic? What sorts of information does
logic give us about what sorts of en-
tities? That is, I think, the central prob-
lem of Wittgenstein’s Tractatus logico-
philosophicus.

The truths and falsehoods of the
natural sciences are truths and false-
hoods about what exists and happens in
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the world. Their truth or falsehood de-
pends upon what is the case with things
in the world. But the truths of logic give
us no information about the world.
“Either it is raining or it is not raining”
exemplifies a logical truism, but it tells
us nothing about the weather. It is true
whatever the weather. “Socrates is mor-
tal” gives us important information or
misinformation about Socrates, but “If
all men are mortal and Socrates is a
man, then he is mortal” gives us an ap-
plied logical truth, which is true whether
or not he is mortal.

The truths of the natural sciences are
factual truths, while those of logic are
purely formal. Their truth is neutral be-
tween the world as it is and as it might
have been. This formal nature of logical
truths shows itself in another way. The
truism “Either it is raining or it is not”
remains true if for “raining” we substi-
tute “snowing,” “freezing” or anything
you please. For any proposition whatso-
ever, either it or its negative is true. The
force of “either ..., or not...” is indif-
ferent to the material fillings of the
clauses that it links, so long as the
clauses are the same. Hence truths of
logic can be expressed most cleanly if
we algebraize away all material ele-
ments like “Socrates,” “mortal,” and *
is raining.” This leaves, for example,
“For any p, either p or not-p.”

Thus logic is unconcerned with the
actual truth or falsity of the factual state-
ments which can be draped on its skele-
tons. Nonetheless logic is essentially con-
cerned with the truth-or-falsity of these
statements, since it has to work out how
the truth or falsity of one would follow,
if another were true or were false. That
Jack went up the hill would have to be
true if Jack and Jill went up the hill; and
from the falsity of “Jack went up the
hill” would follow the falsity of “Jack
and Jill went up the hill.”

Well then, why should we not answer
the original problem by saying that the
subject matter of logic consists of truths-
or-falsehoods, and that it has to discover
in them their formal properties which
secure that one would be true if another
were true? But then what sorts of en-
tities are truths-or-falsehoods, and what
sorts of properties are these formal
properties?

When I say “It is raining,” my words
convey something to you. You under-
stand them even though you do not
know that it is raining. They make sense,
even if it is not raining. So the actual
state of the weather is one thing; the
truth-or-falsehood that it is raining is
something else. In getting the meaning
of my words, you are getting not what
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the state of the weather is, but what-it-
is-being-represented-as-being. But what
enables expressions to represent things
as they are, or as they are not? What
enables a complex of symbols to mean
something vis @ vis some actual mat-
ter of fact? Consider a simple map
representing, truly or falsely, the rela-
tive positions and distances of three
towns: A, B and C. The dot “A” is one
inch higher on the page than the dot
“B,” and this is two inches higher than
the dot “C.” This map might tell you
that the town A is north of B, which is
north of C, and that B is 20 miles from
C and 10 from A. How does it do this?
By an understood code by which let-
tered dots stand for towns, the top of the
page for north and an inch for 10 miles.
It is the way in which the dots are situ-
ated on the page that says how the towns
are related to one another on the
ground. In this case the map, if true, is
in certain respects photographically like
the corresponding stretch of ground.
But with a different code the same dots
might represent or misrepresent the
heights of three peaks, or the degrees be-
low boiling point of three saucepans.
Representation can, but need not, be
photographic. The notes played by the
musician are not like the black marks on
his score, yet the arrangement of the
latter, by a complex code, may faithfully
represent the arrangement of the former.

The “codes” which enable different
arrangements of words to represent dif-
ferent states of affairs are enormously
complicated, and they vary among dif-
ferent tongues. In English, if you wish
to say that Brutus killed Caesar you
must put “Brutus” before the verb and
“Caesar” after it. Not so in Latin, which
achieves the same result by different
word terminations. But without apply-
ing some syntactical rule or other you
cannot say anything, not even anything
false. Symbol-structures can represent
and misrepresent the structures of actual
states of affairs because, though the rep-
resenting structure is not usually like
the represented structure, they are still
structurally analogous to one another. A
sentence has a meaning if its syntax
could be the structural analogue of an
actual state of affairs, even though, when
false, it actually has no such factual
counterpart. Caesar did not kill Brutus,
but “Caesar killed Brutus” makes sense,
since there is, so to speak, room in
reality, though unfilled room, for this
uncommitted murder.

Not all complexes of words or dots
or gestures convey truths or falsehoods.
An unorganized jumble of words or dots
makes no sense. Even a sequence of
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words with an orthodox grammar can

make nonsense. Lewis Carroll concocted
«

many such sentences; for example, “The

| Cheshire cat vanished leaving only her

grin behind her.” Sometimes serious
thinkers inadvertently construct sense-
less sentences. Early geometricians seri-
ously held that Euclidean points are

| round. A truth-or-falsehood, then, is an

organized complex of symbols represent-
ing, by analogy of structure, a counter-
part actual-or-possible state of affairs.
It is, for example, a sentence “in its pro-
jective relation to the world.” To find
out whether it is actually true or actually
false we have to match it against its
should-be counterpart state of affairs in
the world.

Already we canseehow Wittgenstein’s
account of what it is to make sense, that
is, to be true-or-false, led to the famous
principle of verifiability, by which the
logical positivists ostracized as nonsensi-
cal the pronouncements of metaphysi-
cians, theologians and moralists. Obser-
vation and experiment are our ways of
matching the propositions of, say,
astronomy against the stellar facts.
Where observation and experiment are
excluded, our pretended truths-or-false-
hoods have no anchorage in facts and so
say nothing. They are nothing but dis-
guised gibberish.

What of the truths of logic, the status
of which it had been Wittgenstein’s main
task to fix? Are these also disguised gib-
berish? Or are they salved by being
classed with the most general truths of
natural science? Wittgenstein steers be-
tween this Scylla and this Charybdis.

An everyday “either-or” statement,
like “Either Jack climbed the hill or Jill
did,” leaves it open which climbed the
hill; but it still rules out something that
might have been the case, namely, the
climbing of the hill by neither of them.
But if we ask of an “either-or” truism of
logic, like “ ‘Either Jack climbed the hill
or he did not’; what is ruled out by this
assertion?”, we see that the only thing
ruled out is Jack’s neither climbing nor
not climbing the hill. And this is not
something which might have been but
just happens not to be the case. An
ordinary factual assertion gives the
“yes” or the “no” answer to a question;
it invites us to select the one and to for-
swear the other. But a truth of logic
gives us nothing forswearable to for-
swear, and so nothing selectable to se-
lect. It is factually empty, or “tauto-
logical.”

It does not, however, follow that the
truths of logic are of no use simply be-
cause they are uninformative. They

| serve to show up, by contrast with their
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own absolute hospitality, the ways in
which ordinary statements convey, by
their relative shut-doored-ness, positive
information or misinformation.

The truths of logic, then, are not non-
sensical, though they are empty of infor-
mation or misinformation. Their busi-
ness is to show us, by evaporation of con-
tent, how our ordinary thoughts and as-
sertions are organized.

I pass over Wittgenstein’s accounts of
the connections and differences between
logic and mathematics and between
logic and mechanics, important though
these are for showing up, by contrast,
the positive nature of logic. But I must
not pass over his account of the relations
between logic and philosophy. For, as
his title Tractatus logico-philosophicus
hints, his book was secondarily con-
cerned to fix the status of philosophy.
What sorts of things can philosophers
tell us—philosophers as distinct from
logicians and from scientists? Are the
truths of philosophy factual or formal
truths?

Earlier philosophers, if they tried at
all to place philosophy, had tended to
treat it either as psychology or as non-
empirical cosmology. But Russell and
others realized that philosophy was
neither a natural science nor yet a super-
natural science. Russell had emphasized
the close connection between logic and
philosophy by treating all seriously
philosophical questions as problems for
“logical analysis,” as if logic supplied
the lines of latitude and longitude, while
philosophy had to fill in the geographi-
cal detail.

In partly the same way Wittgenstein,
having separated off all philosophical
from any scientific questions, describes
the positive function of philosophy as
“elucidatory.” Its function is to disclose
that logical architecture of our ordinary
and scientific thoughts which our ver-
naculars conceal but which the designed
symbolism of logic would expose. But
now there breaks out a seemingly dis-
astrous difference between logic and
philosophy. The formulae of logic,
though they tell us nothing, still show
us, so to speak, at their limit the positive
force of the “ors,” “ands,” “alls” and so
forth on which our ordinary truths and
falsehoods are built. But philosophical
pronouncements are in a worse state,
since their elucidatory mission is to tell
us what sort of sense or nonsense be-
longs to the propositions of the sciences
and of daily life; and this is not the sort
of thing that can conceivably be told.
The meanings, that is, the truths or false-
hoods that we express, cannot then be
lifted out of their expressions. We can
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talk sense, but we cannot talk sense
about the sense that we talk.

Consider again my map in which the
situations of three dots on the page told
vou, truly or falsely, the situations of
three towns. Now I ask you to draw
another map which is to tell me not
about things on the ground, but about
the information or misinformation con-
veyed by the first map. It is to tell me
whether the first map is accurate or in-
accurate, and especially it is to tell me
the cartographical code by which the

three original dots represent the compass |

bearings and distances of the towns. You
will promptly protest that you cannot
make a map of what another map says
or of how it says it. What an ordinary
map alleges about the earth’s surface is
not another bit of that surface and so a
second map could not map it. The sig-
nificance-conditions which an ordinary
map exemplifies are not stated by these
or any other maps.

Similarly, we normally know when a
sentence expresses a truth-or-falsehood,
and when it is nonsensical. We read the
composition of an actual-or-possible
| state of affairs out of the composition of
the sentence. But we are debarred from
stating this correlation. Attempts to state
it would be attempts to stand outside the
significance-conditions of statements.
They would therefore break these con-
ditions, and so be nonsense.

Philosophical elucidation advances
| only over the ruins of its attempted
| articulations. The sort of clarity that we
seek we achieve in becoming conscious
of what makes us stammer. Critics
quickly pointed out that Wittgenstein
managed to say many important and un-
derstandable things. So perhaps the lan-
guage of maps has limitations from
which the language of words is exempt;
and perhaps the notion of sense is wider
than the notion of truth-or-falsehood to
empirical fact.

Wittgenstein left many manuscripts
which are now in process of being pub-
lished. The first book to be so published
| was his Philosophical Investigations.
This has the German text faced by a
quite good English translation.

Philosophical  Investigations differs
from the Tractatus in presentation, sub-
ject and direction. The Tractatus con-
sists of a chain of sentences or short
paragraphs, prefaced by numerical and
decimal index-numbers signaling both
| the train of the argument and the rela-
tive weights in it of the successive items.
Each sentence seems to be the product
of an almost Chinese process of pruning
and recasting. Many of them mystify,
but the reader cannot get them out of

© 1957 SCIENTIFIC AMERICAN, INC

Electronic &
Communications
Engineers

28,800 miles of scatter
communications make
PAGE the world leader

High-salaried positions are open for
communications engineers in our
Washington, D. C., office as well as
in the Near East, Europe, and the
Pacific Area.

Work involves multimillion-dollar
telecommunications networks for the
’. S. and foreign governments and
private industry. For the past 6 years
PAGE has pioneered in the design,
construction and installation of scat-
ter and other advanced radio com-
munications systems on the basis of
developmental work done in collabo-
ration with Lincoln Laboratory and
the National Bureau of Standards.
To the engineer of top-notch com-
munications experience PAGE offers
unique advantages worth your
scrutiny.

Write: J. P. Gaines, Personnel Su-
pervisor

PAGE

Communications Engineers
710-D 14th St.,, N. W.
Washington 5, D. C.

NOW-=— There’s a New

|RELAXED WAY

P to Learn a
AW LANGUAGE
& G at home—

“idb almost overnight

RELAX like a child ... SPEAK like a
native . . . alimost overnight. Find out
about the new Scientific Shortcut. FREE
BOOK with fascinating details. Mail
coupon TODAY or Call—FREE of obli-

gation.

34 Lancuaces BY

World’s Standard Conversational Method

AT HOME — ABROAD

For Business, Travel, Culture
| _ N _ 8 B B N B B B B |

LINGUAPHONE INSTITUTE

Dept. D-3097 Rodio City. New York 20, N. Y. Clrcle 70829

Please send me your FREE Book on languages l
—No obligation.

Name l
Address l
State.... I

City . Zone.......

_-_-_'

Please check your language interest:

I 7] Spanish (American) [J Spanish (European) l
[ French []Italian [] German [] Russian

l [J Modern Greek [JJapanese [J lcelandic l
[ Other... ...... ...

(B N N N N N ¥ B N ]



his head. In many stretches the Tracta-
tus presupposes familiarity with mathe-
matical logic. The Philosophical Investi-
gations is more like a conversation. It is
a dialogue between the author and his
own refractory self, and it presupposes
no technical sophistication. It is split up
into relatively long paragraph-sections,
the continuities between which are often
hard to see. Indeed, they are not always
there. Unfortunately the book contains
no aids to the reader in the shape of
table of contents, index or cross refer-
ences.

Notoriously the Philosophical Investi-
gations throws overboard some of the
cardinal positions of the Tractatus. Some
people assume that this exempts them
from trying to understand the Tractatus.
This is a mistake, since a philosopher
jettisons what he has taught himself to
do without, and we need just the same
teaching,

Moreover, a great deal of the Tracta-
tus survives, both in the later Wittgen-
stein and in us too. It comes natural to
us now—as it did not 30 years ago—to
differentiate logic from science much as
Wittgenstein did; it comes natural to us
not to class philosophers as scientists or
a fortiori as super-scientists; it comes
natural to us to think of both logic and
philosophy as concerned not with any
ordinary or extraordinary kinds of
things, but with the meanings of the ex-
pressions of our thoughts and knowl-
edge; and it is beginning to come natural
to us, when we reflect about sense v.
nonsense, to take as the units of sense
what is conveyed by full sentences, and
not what is meant by isolated words,
that is, with what is said, and not with
what is, for example, named.

How does the later differ from the
earlier Wittgenstein? First, his central
problem is different. He is no longer ex-
ercised about the status of logic. It is
philosophy now that is pestering him for
justice. Next he had in the Tractatus
been scanning the notions of sense and
nonsense through the perforated screen
of logic. Through its apertures he could
see only elementary atoms of truth and
falsehood being combined into molec-
ular truths and falsehoods by the op-
erations of “and,” “or” and “not.” The
only discernible differences between
sayables were in their degrees and pat-
terns of compositeness. All their other
differences had been algebraized away.
But now he forsakes this screen. He ex-
amines those differences between say-
ables which will not reduce to degrees
of compositeness. Where he had ex-
amined the algebraized skeletons of
statements in which only the logical con-
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How many of these
SCIENTIFIC AMERICAN
articles do you

remember?

® Godel’s Proof, by Ernest Nagel and James
R. Newman (June, 1956)

® Lewis Carroll: Mathematician, by Warren
Weaver (April, 1956)

® [nformation Theory and Melody, by Rich-
ard C. Pinkerton (February, 1956)

® The Monte Carlo Method, by D. D. Mec-
Cracken (May, 1955)

® Man Viewed as a Machine, by John G. Kem-
eny (April, 1955)

® Game Theory and Decision, by Leonid Hur-
wicz (February, 1955)

® Linear Programming, by William Cooper
and Abraham Charnes (August, 1954)

® What is Probability? by Rudolph Carnap
(September, 1953)
® [ogic Machines,
(March, 1953)

® Input-Output Economics, by Wassily W.
Leontief (October, 1951)

® Red Dog, Blackjack, Poker, by R. Bellman
and D. Blackwell (January, 1951)

® Symbolic Logic, by John E. Pfeiffer (De-
cember, 1950)

® Probability, by Warren Weaver (October,
1950)

® The Theory of Games, by Oskar Morgen-
stern (May, 1949)

by Martin Gardner

IF YOUR SCORE IS ONE OR MORE, you are
already acquainted to some extent with
what is sometimes termed modern mathemat-
ics—that is, mathematics originated and de-
veloped in the last 100 years.

FOR THOSE INTERESTED in doing further
reading in this provocative subject, we’'d
like to draw attention to a new book, Introduc-
tion to Finite Mathematics. Written by John
G. Kemeny, J. Laurie Snell, and Gerald L.
Thompson, it represents the first book-length
treatment of its kind concerning such topics as
matrix theory, Markov chains, linear program-
ming, and game theory.

If you follow the Mathematical
Games Department of Scientific
American, you’ll be interested in
the complete discussion given of
several of the paradoxes recently
discussed in that column.

ON THE OTHER HAND, if your primary in-
terest is in one of the behavioral sciences,
you’'ll find the book not only entertaining but
useful. For example, anthropologists will find
much of interest in the application of modern
mathematics to marriage rules in a primitive
society; economists will profit by the discus-
sion of linear programming, and game theory ;
while psychologists, geneticists, and sociolo-
gists will find particular interest in the sec-
tions on the Estes learning model, Markov
chains, and sociometric matrices, respectively.

IF YOU'D LIKE TO SEE A COPY, drop us a
nestcard, and we’ll send you Introduction to
Finite Mathematics ($6.65) on a ten day free
examination basis. Write to: Box 903.

H PRENTICE-HALL, Inc.
| Englewood Clifis, New Jersey

| stants were left functioning, now he |

watches the functioning of the live ex-
pressions with which we say real things.
One thing that he quickly remarks is
this. Not all sayables are truths or false-
hoods. The logician attends only to as-
sertable premises and conclusions. But
not all saying is asserting. There is ques-
tioning, advising, entreating, ordering,
reassuring, rebuking, joking, warning,
commiserating, promising, deploring,
praising, parodying. We talk a lot to
infants and dogs, but we do not make
statements to them.

In the Tractatus we were told, in ef-
fect, that only those sentences made
positive sense which could be the
premises or conclusions of a bit of
natural science. In the Philosophical In-
vestigations the door is opened to any-
thing that anyone might say. We are
home, again, in the country of real dis-
course.

The central notion of sense or mean-
ing has correspondingly thawed. In the
Tractatus truths-or-falsehoods seemed
to be icicles of printer’s ink; and their
coordination with states of affairs in the
real world resembled the congruence be-
tween the structures of two crystals. But
sentences are normally things said, not
written, by one person to another. So
now Wittgenstein constantly discusses
such questions as “How do children, in
real life, actually learn to understand this
or that expression?” and “How would we
teach a savage to count, or tell the
time?”. Talking sense and following the
sense talked by others are things that we
have learned how to do; so the notion of
sense comes out of the fog if we con-
stantly ask just what we must have
learned, and just how we must have
learned it in order to be able to com-
municate. Most of Part I of the Philoso-
phical Investigations is concerned with
questions about sense, understanding,
grasping, mastering, interpreting, etc.

One device that Wittgenstein con-
stantly uses is that of exploring imagi-
nary situations in which people have to
think up and teach ways of communicat-
ing. A builder, for example, wants his
inarticulate assistant to pass him bricks
and slabs. How would he teach him to
distinguish between the orders “Brick”
and “Slab”? How would he teach him
to bring two or five bricks, that is, to
understand number-words? Wittgen-
stein calls these imaginary lingo-crea-
tions “language-games.” This is unfor-
tunate because many readers think he
implies that talking is a sort of play-
ing. In fact the central idea behind the
label “language-game” is the notion of
rules. Learning to communicate is like
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learning to play chess or tennis in this |

respect, that in both we have to master

written or unwritten rules—and there are |

many different, but interlocking, sorts of
rules to be learned in both. The chess
player has had to learn what moves are
allowed, what moves in what situations
would be tactical mistakes, and even
what moves in what situations would be
unsporting. A crude generalization of
Wittgenstein’s new account of sense or
meaning is that the meaning of an ex-
pression is the rules for the employment
of that expression; that is, the rules
licensing or banning its coemployment
with other expressions, those governing
its effective employment in normal and
abnormal communication-situations, and
so on. The dynamic notion of rules to be
mastered has replaced the notion of an
imposed structural congruence.

With his new notion of meaning,
Wittgenstein is in a position to say new
things about the philosopher’s task of
meaning-elucidation. But in the main he
avoids trying to give any general ac-
count of what sort of task this is, or
why and when it needs to be done,
though there are passages in which he
does enigmatically give such an account.
Rather, especially in Part II of Phil-
osophical Investigations, he tries to dem-
onstrate in examples what philosophical

quandaries are like, how to get out of |

them and what sideslips of thought get
us into them. He is trying to teach us
methods of operation, rather than give
us the answer to a question in an exam-
ination.

I do not think that anybody could |

read the Philosophical Investigations
without feeling that its author had his
finger on the pulse of the activity of
philosophizing. We can doubt whether

his hinted diagnosis will do; not that he |

has located, by touch, that peculiar and
important intellectual commotion—phil-
osophical puzzlement.

Short Reviews

HE RAILROAD STATION: AN ARCHI-

TECTURAL HisTory, by Carroll
L. V. Meeks. Yale University Press
($7.50). The railroad station is a com-
parative newcomer to the history of
architecture, but it has had an eventful
career. Modern railroads came into exist-
ence in two places almost at once: in
England and the U. S, a little before
1830. The first British station was built
on Crown Street in Liverpool to serve
the Liverpool and Manchester Railroad.
In 1830 the small, polygonal Mount
Clare Station (“hardly more than a box
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[0 POLYETHYLENE by Theodore O. ]. Kresser.
Covers this exciting new material in respect to its uses
and why it is frequently preferable to other materials.
Emphasizes a practical and selective method which
features representative applications with a liberal use of
illustrations. Includes recent advances in the field, and
their fututre importance to industry. 1957, $4.95
F ORGANIC SYNTHESIS — In Two Volumes, by
artkes Migrdichian, The most systematic, fully in-
tegrated, and up-to-date presentation of organic synthesis
in all its aspects ever published! Great emphasis is put
on the later advances, the ‘‘name’’ reactions, the olefins
and acetylenic compounds, and many others. All standard
methods are completely covered. This is a truly monu-
mental work that stands unchallenged in the field.
2 Volumes, 1957, $35.00 (Not sold separately)
[0 ENCYCLOPEDIA OF CHEMISTRY cdited by Clark
and Hawley. The first complete, multi-author one-vol-
ume reference covering a broad spectrum of chemically im=
portant subjects. Over 800 articles, 500 contributors, and
1,000 pages of remarkably condensed, authoritative infor-
mation on modern chemistry from Abrasives through
Zirconium. No other smgle volume offers so much to all
workers in chemistry and in the dozen or more sciences
that border on it. 1957, $19.50
[0 THE CONDENSED CHEMICAL DICTIONARY,
New 5th Edition edited by Arthur and Elizabeth
Rose. Over 30,000 revised, up-to-date entries; 1,220
double-column pages as compared with 760 pages in the
previous edition; more than years in preparation;
enormously expanded trade name information obtained
directly from producers; thumb-indexed for auick ref-
erence; larger, easier-to-read print. 1956, $12.50

ORGANIC CHEMISTRY, New 3rd Edition

y Louis F. and Mary Fieser. Now larger, more com-
plete, thoroughly revised nnd brough'. up to date. De-
velops in orderly and
of modern organic chemism’ and the anllcatious of
fundamental science to hnology, biochemistry and
medicine. Covers latest developments in theory and or-
ganic structures. 1956, $10.00

[0 CHEMISTRY OF PLANTS by Erston V. Miller,
A clear, concise, up-to-date analysis of the chemical con-
stituents of plants. Covers carbohydrates, proteins and
other nitrogen compounds, pigments, enzymes, organic
acids, hormones, glycosides, alkaloids, vitamins, elemental
constituents, and other plant products. 1957, $4.75

[] PLASTICS ENGINEERING HANDBOOK of The
Society of the Plastics Indusiry, Inc. Contains ex-
haustive, well-arranged engineering information on the
design, materials, processes, equipment, finishing, assem-
bly, testing and standards of plastics and plastic products.
Entirely rewritten, this new edition of the famous SPI
Handbook is almost twice its former size. Suppliers of raw
materials will find a complete set of accepted standards
and specifications. Designers and engineers will find new
testing methods fully described. Users of plastics will wel-
come the standards for testing, rating, certifying and label-
g plastic commodities. 1954, §15.00

[1 GAS CHROMATOGRAPHY by A.I.M. Keulemans.
The modern magic of gas chromatography is now for the
first time completely spelled out in both its practical and
theoretical aspects. Here is a concise practice manual and
an_authentic, up-to-the-minute summary of the field
written by chemists who have been among the most active
investigators of all varieties of chromatography.

1957, $7.50

HANDBOOK OF FOOD & AGRICULTURE edited
v F. C. Blanck. Over 1,000 pages of expert information
on the newest applications of science to the food and agri-
cultural flelds! Covers: soils and plant growth; fertilizers;
insecticides; growth regulants; essential nutrients; storage
of raw products; food processing; preservation; packaging;
quality control; waste disposal; and many other important
topics. 1955, $15.00
[] BIOLOGICAL TREATMENT OF SEWAGE AND
INDUSTRIAL WASTES, Volume 1, edited by McCabe
and Eckenfelder. Covering aerobic oxidation, this vol-
ume describes the principles of bio-oxidation, the theory
of oxygen transfer, and the design and operation of typi-
cal sewage and industrial waste treatment processes.
56, $10.00
H ENGINEERING USES OF RUBBER edited by A. P.
cPherson and A. K. Klemin. Reveals why and how
rubber is used in uddition to what it is used for. and
shows how this information can help solve special prob-
lems or develop new applications. Fully discusses prod-
ucts, synthetics, compounding, properties, specifications,
inspection, structure, design, and applications. Inside or
outside the industry, an indispensable book. 1956, $12.50
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still preserved. These unpretentious
depots were the ancestors of the colossal
terminals of today. Carroll Meeks, who
is associate professor of architecture at
Yale University, has written an engross-
ing book about the evolution of these
wonderful structures. The advent of the
iron horse raised many questions for sta-
tion designers. Should arrival and de-

| parture be handled on one side of the

tracks or should there be two platforms
with arrival and departure handled on
opposite sides? Was a single building at

| the end of the tracks—the so-called head

| man cars, diners, air brakes,

type—the most convenient arrangement?
Were baggage and freight to be handled
in the same building as passengers?
What comforts and amenities were to be
provided for elegant travelers; for the
prosperous but less lordly; for the hoi
polloi? How could the train shed itself
be designed so as to avoid fires, to re-
duce noise, to provide illumination, to
prevent the waiting customers from be-
ing suffocated by smoke? A little boy,
“brought up in the Calvinist way,” got
off a train at the first New Haven station
soon after it was opened. “Finding him-
self engulfed in smoke and darkness, he
clutched his father’s hand and asked, ‘Is
this Hell” ‘No, my son,” his father re-
plied, ‘New Haven.”” The new problems
prompted many ingenious experiments;
some of the earliest stations “bore in
them the patterns for the great terminals
of the future.” Warfare sprang up be-
tween architects and engineers. The
architect’s main concern was apt to be
with style and ornament; the engineer’s,
with function. But there were audacious
engineers who strived for more and more
daring spans in the train sheds, who
combined new materials and new meth-
ods of fabrication in forms which were
no less poetic and dramatic than those
conceived by the architects. As the
traffic increased and the railroads be-
came more prosperous, the stations be-
came larger and the “picturesque eclec-
ticism” of Victorian architecture found
a wide variety of expression. The con-
servative tendency was reflected in semi-
circular arches; the progressive, in
towers. The towers, stumpy at first, soon
soared and had spires. Large terminal
hotels were built, and vast vaulted iron
sheds. These were called “room-streets”
because the glass of the vault allowed so
much light to flood the interior “that the
old distinction between a ceilinged
room and an unroofed street was dis-
solved.” During the middle or sophisti-
cated phase of station development, be-
tween 1860 and 1890, advances in rail-
road technology—bridges, tunnels, Pull-
rails with
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a T-shaped cross section (as opposed to
the murderous strap-iron rails), higher
speeds, coal-burning locomotives—were
matched by lavishness in the station. At
Newecastle-on-Tyne the architect John
Dobson erected a grand structure with
pavilions, towers, arcades and a 600-
foot-long stone facade interrupted by a
colossal porte-cochére. The Gare de I'Est
in Paris, designed by Francois Alexandre
Duquesney, had a head building con-
taining a great concourse or vestibule
hrough which passengers could move
back and forth at will from one platform
to another without interfering with train
operation and without crossing any
tracks. This was a major step forward,
and the station was rightly acclaimed
the finest in the world. King’s Cross in
London was a majestic affair with two
105-foot-wide sheds and arched steel
ribs. The sheds of the Gare St. Lazare
were so beautiful that they became the
subject of numerous paintings by Monet.
Zurich had a fine Bahnhof, as did Mu-
nich and Leipzig and Berlin. Other strik-
ing monuments rose in Turin, Rome,
Genoa, Naples, Budapest. Towers began
to give way to domes. As they did so the
fash’on in men’s hats swung from stove-
pipes to bowlers. At first U. S. stations
were not so grand as their European
counterparts, but as the century drew to
a close we began to catch up. New
York’s first Grand Central was only the
beginning. The Pennsylvania Railroad
built huge sheds—in Jersey City, New
York, Philadelphia and Pittsburgh—that
were 250 to 300 feet wide and 600 feet
long. This megalomania passed from the
sheds to the buildings. The present
Grand Central Station in New York, for

all its leviathan dimensions, is one of the |

outstandingly successful stations of his-
tory. Its immense concourse, multiple
levels and ramps were brilliantly de-
signed to handle trains and passengers
cfficiently. The nearby Pennsylvania
Station is even taller but perhaps not
«uite as opulent. Megalomania came to
an end about the time of the First World
War. A 20th-century style has evolved
which has already passed through sev-
eral phases characterized by “functional-
ism,” the elimination of “eclectic orna-
ment” and the free use of glass. Lately
the severities of rectangle and prism
have been alleviated, and the dome and
other curved forms have reappeared.
Descriptions of buildings and architec-
tural criticism do not usually make easy
reading; even in this well-written book
there are sections in which the author is
carried away by his own words. Never-
theless it is a rich and extraordinarily
interesting account of the buildings
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For the businessman, accountant or sys-
tems engineer who wants a quick, sure
understanding of the profitable use of an
automatic computer, this clearly written
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will help you pinpoint the need for a com-
puter, and justify its use in business situa-
tions. Includes comparative data and cost
figures, definitions of terms, analysis tech-
niques, examples and helpful illustrations.

450 pages, about $9.00

A DICTIONARY OF
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By Henderson and Henderson
(Revised by J. H. Kenneth)
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more than 14,000 terms in biology, botany,
zoology, anatomy, cytology, genetics, em-
bryology and physiology as well as selected
terms in bacteriology and palaeontology.
Hundreds of new terms and new meanings
which have been attached to existing
terms. Not merely a revision but complete-
ly rewritten, this sixth edition is an in-
valuable reference for daily use.

500 pages, about $12.50

VAN NOSTRAND’S
PRACTICAL FORMULARY

Over 800 useful, modern formulas cover-
ing all types of products for the home,
farm or factory or in small business ven-
tures—all the proper ingredients, necessary
equipment, sources of supply and complete
processing directions are detailed in this
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themselves and of one aspect of the in-
teraction of culture and technology. The
book itself is well-tailored; the many il-
lustrations are a joy.

History oF ENGLISH CRIMINAL

Law Axp ITsS ADMINISTRATION
¥roM 1750, by Leon Radzinowicz. The
Macmillan Company ($45). No brief
review can fairly describe this magnifi-
cent survey. It deals with the evolution
of the English criminal law from 1750:
the movement for reform from 1750-
1833, the clash between private initia-
tive and public interest in the enforce-
ment of the law, crosscurrents in the
movement for the reform of the police.
(“As far as I can see,” observed a some-
what ironical Frenchman, referring to
English ways of maintaining public or-
der, “the glory of having no police ap-
pears to be easier to acquire than the
glory of finding a good one.”) Dr. Rad-
zinowicz, a fellow of Trinity College and
director of the department of criminal
science at the University of Cambridge,
has performed a heroic research. He has
produced a study of the first importance
not only in the annals of legal history
but also of sociology. This work, it may

be assumed, is still in progress, but the |

volumes which have already appeared
brilliantly illuminate the problems and
struggles of a great democratic society
striving to establish order while preserv-
ing liberty, to achieve justice under law,

to cultivate what might well be consid- |

ered the best of the arts—“the husbandry
of the human creature.”

HE FUTURE OF ARID LanDs, edited

by Gilbert F. White. American As-
sociation for the Advancement of Sci-
ence ($6.75). In this symposium, based
on the International Arid Lands Meet-
ings held in New Mexico in 1955, sci-
entists from 17 countries have con-
tributed their views on the state of
“man’s struggle to make productive and
stable use of the world’s arid lands.” In
one section are discussed the variability
and predictability of water supply; i

| another, the improved use of present re-

sources; in a third, the prospects for addi-
tional water sources. E. G. Bowen’s pa-
per on induced precipitation discusses
the interesting hypothesis that the ar-
rival of dust in the upper atmosphere
and its descent to the ground might turn
out to be one of the most important fac-
tors controlling rain formation. Evident-
ly there is need for further study of
meteoric dust: it has already been
noticed that prominent meteor showers
precede by almost exactly 30 days the
world peaks in rainfall. In the final sec-
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tion of the book, on the adaptation of |
plants and animals to arid conditions,
Knut Schmidt-Nielsen reports on his re-
searches on the remarkable physiology
of the camel. This legendary creature can
withstand an exceptional degree of de-
hydration of the body: 40 per cent, as
against a top limit of 15 to 20 per cent
in man and other mammals. It is quite
capable of going through the entire win-
ter without water; in fact, if a drink is
offered, the camel often refuses. The
camel does not store water in his hump,
for while the fat in the hump would
yield more than its weight in water,
the oxygen required to effect this con-
version involves ventilation of the lungs
and a consequent loss of water in the ex-
pired air greater than the gain from
oxidation of the fat. One of the factors
contributing to the camel’s extraordinary
water economy is its woolly coat, by
means of which water is retained and, as
an old Arab saying goes, the desert heat
is excluded. Another factor is that while
man maintains a temperature of 37 de-
grees centigrade regardless of the heat
(at a high cost in evaporated water), the
camel’s temperature apparatus permits
a variation from 34 degrees C. in the
morning to 40.7 degrees in the after-
noon. Thus the camel stores heat during
the day and dissipates it in the cooler
night without undue loss of water. A
camel can drink 100 quarts of water in
10 minutes, but it never drinks more
than it needs. It maintains its appetite in
spite of dehydration, and it can eat a]-|
most anything. |

‘ue OPEN SEA, ITs Naturar His-

TORY: THE WORLD OF PLANKTON,
by Alister C. Hardy. Houghton Mifflin
Company ($6.50). The name “plank-
ton,” from a Greek word meaning “thatI
which is made to wander or drift,” em- |
braces both animals and plants Wthhl
float and drift with the flow of tides and |
ocean currents. The great tureen of the
sea holds a planktonic soup of plant life
—a fine aquatic floating dust of “living
microscopic specks”—and untold bil-
lions of tiny animals with limited loco-
motor ability. Minute shrimplike crea-
tures of many different kinds, mostly
ranging from the size of a pinhead to
that of a grain of rice, predominate. (The
number of copepods—i.e., oar-footed
crustaceans—alone is greater than that
of all other multicellular animals put to-
gether.) There are also jellyfish; small,
wormlike creatures; miniature snails
with flapping fins to keep them afloat;
and hosts of other little organisms with
incredible shapes, fantastic internal

structures and gorgeous or delicate col-
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| oring. Alister C. Hardy, the distinguished |

British marine biologist, has written this I
survey of the plankton as the first instal-
ment of a two-volume natural history of
the sea. The work is pure delight, un-
questionably the best popular book on
the subject. It is clearly written; it
abounds in the kind of fascinating de-
tail which the working scientist alone
can provide; it is illustrated with 300
accurate line-drawings and maps, 142
lovely watercolor sketches made by
Hardy aboard R.R.S. Discovery 11, and
67 superb electronic-flash photographs
revealing many plant and animal struc-
tures never before seen. Hardy describes
the movement of the waters, the sea-
sons in the sea, the baffling puzzle of the
up-and-down migrations of planktonic
animals (toward the surface of the sea
at night and away from it in the day-
time). Among the planktonic crustacea,
as one learns from Hardy, there are
species in which the male passes its
sperm into a homemade “bottle” which
is then attached to an opening on the
first abdominal segment of the female.
The genus Oikopleura has developed a
remarkable method of feeding. It fash-
ions for itself a transparent gelatinous
house which has openings covered by a
network of threads. They act as a grid to
prevent all but the smallest particles
from entering. Inside the house are two
conical nets of finer threads which lead
to the mouth of the animal. By the un-
dulations of its tail Oikopleura swims
about inside its house and draws in a
constant stream of sea water. As the
water circulates, minute flagellates and
protozoa are strained by the nets and
disappear into Oikopleura’s mouth.
Oikopleura, a prudent creature, has a
little doorway at the side of its house, an
exit in time of crisis so that the owner
can swim away and make a new home.
There are hundreds of such diversions in

these pages.
\/7 1STAS IN AsTRONOMY, Vou. 11, edited
by Arthur Beer. Pergamon Press
(844). The imposing tribute paid to
F. J. M. Stratton on the occasion of his
70th birthday and retirement from the
chair of astrophysics at the University of
Cambridge is now complete. Nothing
less is offered in this set, the first weighty
volume of which was reviewed last year
in these pages, than a panorama of con-
temporary astronomy and its allied sci- I
ences. Men in the forefront of these

| disciplines have prepared reports on

their instruments, methods, discoveries,
theories. Harold Urey contributes to this
volume an article on the origin and sig-
nificance of the moon’s surface; Gerard
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THE DEMAND AND
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Has the enormous increase in the

number of engineers and scien-
tists taken place in just a few complex
industries or throughout our indus-
trial economy? What has been the im-
pact of government financed re-
search? How can we judge whether
the increase in scientific personnel has
kept pace with demand? The authors
have examined these questions in great
detail and have produced the first
book that fully analyzes the factors
influencing the demand and supply of
scientific personnel. The book chal-
lenges the prevailing belief in a seri-
ous shortage of engineers now and for
the future, but recognizes that tem-
porary shortages have occurred. $4.00
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P. Kuiper discusses the origin of satel- |

lites; Sir Edward Appleton writes on the
ionosphere; Dirk Brouwer, on minor
planets; P. M. S. Blackett, on cosmic rays
and the sun; Robert Stoneley, on the
thickness of the continents; Miroslav
Plavec, on meteor streams; John Jack-
son, on the distances of the stars; Sydney
Chapman, on the morphology of geo-
magnetic storms; Thomas Gold, on
cosmology; George Gamow, on the
theory of the expanding universe; Henry
Norris Russell, on eclipsing variables in
the Clouds of Magellan; Sir Harold Spen-
cer Jones, on changes in the earth’s rota-
tion; S. F. Singer, on research in the
upper atmosphere with rockets; H. C.
van de Hulst, on the zodiacal light;
R. van der Riet Woolley, on monochro-
matic magnitudes; Tcheng Mao-Lin and
M. Block, on observational results on
variable stars with composite spectra;
Wilhelm Becker, on the Milky Way;
H. Kienle, on stellar temperatures; E. R.
Mustel, on the mechanism of ejection of
matter from novae; Harlow Shapley, on
galactic and extragalactic studies at the
Harvard College Observatory. These are
only a small sample of the whole, con-
sisting of some 100 articles in Volume
II alone, totaling 1,770 pages and illus-
trated by hundreds of photographs and
diagrams. A major event in the litera-
ture of astronomy.

REAUMUR’S MEMOIRS ON STEEL AND

Iron, translated by Anneliese Griin-
haldt Sisco. The University of Chicago
Press ($6). In his introduction to this
admirable edition of a scientific classic,
Cyril Stanley Smith points out that
Réaumur’s name is today widely known
only in connection with a thermometric
scale and a station on the Paris métro.
The fact is he made many solid contribu-
tions to science, though none was spec-
tacular. Well-connected and financially
independent from birth, Réaumur lived
a quiet bachelor’s life dedicated to the
physical sciences, natural history and
the improvement of several branches of
technology. He firmly believed that
knowledge should be shared, and in his
recording and publication of craftsmen’s
techniques he anticipated the noble pro-
gram of the Encyclopedists a generation
later. In his youth he became a full-
fledged member of the Académie des
Sciences, and almost until the day of his
death in 1757, aged 74, he devoted him-
self assiduously to research in geology,
physics, metallurgy, entomology, m
biology and other branches of knowl-
edge. In suburban Paris he had his own
laboratory, staffed with assistants and
illustrators. He accumulated vast collec-

arine
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| tions of minerals, insects and other speci-

mens. He established a private aviary
and “menagerie.” In the autumn he
would journey to his estate in the Ven-
dée, and there in the secluded village,
where his simple manor house still
stands, “old men tell stories of the
seigneur who had a taste for sorcery,
who chased insects and who observed
the stars.” But a dilettante he was not,
despite the breadth of his interests. As a
biographer said of him, he was an
encyclopedic spirit outside the Encyclo-
pedist movement. He wrote some 75 pa-
pers which were published in the
Mémoires of the Academy, and left be-
hind 138 portfolios of unpublished notes
and papers. His history of insects fills
six quarto volumes. He prepared, as
part of an Academy series, three vol-
umes of description of existing arts and
crafts. His close observation of the way
in which wasps build their nests from
vegetable fibers led him to proposals
“which eventually gave rise to the wood-
pulp paper industry.” Réaumur’s con-
cern with iron and steel, which is re-
flected in the present treatise, began

| about 1716. His study was prompted

largely from a “sense of duty to the
state”; steel was important to France, yet
most of it had to be imported. A num-
ber of useful books recording metallurgi-
cal practice were published prior to
Réaumur’s, but practice, as Smith says,
was far ahead of theory. The begin-
nings of modern science had not yet made
themselves felt in writings on metals.
Réaumur was the first to attempt to
combine a systematic study of the prop-
erties of materials with the art of metal-
lurgy; thus he may properly be consid-
ered one of the first applied scientists—
as we use the term. The treatise, for all
its serious shortcomings, was much more
than a cookbook. It dealt quantitatively
with such matters as the amount of air
a blast furnace actually uses; the dif-
ference between the amount of heat
(which depended on the amount of fuel
burned) and its intensity or tempera-
ture; the conduction of heat by refrac-
tory materials and metals; the most effi-
cient arrangement for combustion. One
of the curious gaps in Réaumur’s think- |
ing lay between his realization of the
importance of air in combustion and his
total failure to recognize that combus-
tion is a chemical union of air with fuel. |
The memoirs discuss measurement of
the hardness of metals; describe the first
materials-testing machine for measuring
the deflection of a bar of heat-treated
steel before fracture; depict, as well as
could be done at the time, the micro-
structure of steel and the nature of frac-
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tures; and correctly appraise the relation
between wrought iron, steel and cast
iron. Miss Sisco’s translation is clear and
smooth; Smith’s introduction and notes
are invaluable; the plates are very hand-
somely reproduced. The entire volume
is a credit to the University of Chicago
Press, which for its several fine transla-
tions and reprints of hard-to-get scien-
tific works deserves the gratitude of the
entire scholarly community.

PHILOSOPHY OF ScIENCE, by Gustav
4 Bergmann. The University of Wis-
consin Press ($4.75). PHILOSOPHY OF
Sciexce, by Philipp G. Frank. Prentice-
Hall, Inc. ($8). These studies comple-
ment each other. Bergmann, a member
of the Vienna Circle and now professor
of philosophy and psychology at the
State University of Iowa, had planned
to write a book on the philosophy of
psychology. But as he got under way
he began to realize the ambitiousness of
his project and so, for the present at least,
he has settled for a smaller volume
which represents the introductory chap-
ter of the intended survey. His emphasis
is on the logical analysis of language; on
the elucidation of such concepts as de-
duction, existence and number; on the
philosophical bases of the contrasting
disciplines of physics and psychology. In
view of his philosophical leanings it is
not surprising that his primary goal is to
erect the framework of a language in
which everything that makes sense, from
acorns to quantum mechanics to prob-
lems in ideas, can be fully and sensibly
stated. Bergmann is an irritating writer.
He is mannered, sometimes chummy,
and often makes flat statements about
things which are far from flat. But irri-
tating means provocative as well as
exasperating, and this keen book will
undeniably jog and stimulate students
of philosophy. The strength of Philipp
Frank’s book is its lucid presentation of
the philosophical underpinning of phys-
ical theories. His account of the foun-
dations of classical mechanics, of the
Newtonian system and of relativistic
physics is flowing and understandable.
He gets into the corners and makes ev-
erything bright and coherent. But he is
less successful in his general assessment
of different philosophies and in his dis-
cussion of cause and probability. The
separate themes no longer stand out dis-
tinctly; everything is baked together as
in a clam pie. Nevertheless this is a su-
perior work from which the reader can
derive much that is refreshing and infor-
mative; and one can admire Frank’s in-
sistence on the point that scientific
theories of “high generality” cannot be
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transistorized electronic equip-
ment.. Available in six sub-minia-
ture sizes; 0.1 to 60 mfd. over-all
capacitance range. Smallest size,
.075x.156 inches ; largest, .125 x.500
inches. Five stock sizes in a wide
range of capacitances and volt-
ages. Write for Bulletin 148.

B SUBMINIATURE SIZES

UNINSULATED INSULATED

. D (inches) L (inches) D L
T | 075 (5/64) | .156 (5/32) .082 | .203
S | .075(5/64) | .187 (3/16) | .082 | .234
M | 095 (3/32) | 172 (11 /64)| 100 | .218
A | 095 (3/32) | .250 (1/4) 100 | 312
B |.125(1/8) | .312(5/16) | .134 | .375
C |.125(1/8) | .500 (1/2) 134 | 562

RHEOSTATS ¢ RESISTORS

RELAYS o TAP SWITCHES
TANTALUM CAPACITORS
VARIABLE TRANSFORMERS

BE RIGHT WITH

OHMITE"

OHMITE MANUFACTURING COMPANY
3609 Howard Street, Skokie, Illinois
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YEARS OF PUBLISHING

LOOKING FORWARD

JOHN WILEY & SONS,
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Robert Fulton’s marvelous steamboat
fired the minds of forward-looking men
when she churned up the Hudson

in 1807.

To the House of Wiley, founded that same year,

the Clermont’s voyage opened up

a new and exciting frontier in publishing.

If America were to exploit her new industrial age,
pioneering books would have to be provided.

It is this demand — greater in 1957 than ever —
that Wiley has been meeting successfully

for one hundred and fifty years.

Today, the Clermont’s atom-powered granddaughter
slips through the seas . . .
the scientific community continues to expand . . .

and, planning for the future,
John Wiley & Sons looks forward to publishing

an ever-greater number of distinguished books

in all areas of pure and applied science.

Inc.
440 Fourth Avenue, New York 16, N. Y.
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simply judged within the sciences them-
selves—as to whether they conform to
experience, facilitate prediction and the
like—but must meet the test of social
good. The function of the philosophy of
science, in his view, is not only to estab-
lish criteria of “simplicity,” “elegance”
and “truth” (i.e., agreement with obser-
vation) but also to promote a coherent
system in which science will contribute
to the understanding of human behavior
and to human welfare.

Notes

THE PHYSIOLOGY OF FisHES, VoL. I:
MeTaBoLisMm, edited by Margaret E.
Brown. Academic Press Inc. ($12). The
first of two volumes containing reviews
of the present state of knowledge of fish
physiology. The papers cover respira-
tion, the cardiovascular and digestive
systems, endocrine organs, reproduction,
growth studies, biochemical composition

of fish.

THE CLIMATE NEAR THE GROUND, by
Rudolf Geiger. Harvard University
Press ($6). The second edition of this
standard work on microclimatology has
been thoroughly revised and brought up
to date.

A GUIDE TO THE LITERATURE OF
CuEMIsTRY, by E. ]. Crane, Austin M.
Patterson and Eleanor B. Marr. John

' Wiley & Sons, Inc. ($9.50). The second

edition of a comprehensive literature-
finder for chemists. It contains informa-
tion on books, periodicals, patents, gov-
ernment publications, trade literature,
indexes, libraries and other sources.

THE PriNcIPLEs OF MECHANICS, by
Heinrich Hertz. Translated by D. E.
Jones and J. T. Walley. Dover Publica-
tions, Inc. ($3.50). This classic work
of physical thought, to which Hertz de-
voted the last three years of his life, pre-
sents the principles of mechanics “in a
new form,” which is to say that a much
greater emphasis than in any earlier
writings on the subject is placed on de-
ducing theories from a set of clearly
defined axioms of motion. The Dover
reprint of the 1899 translation includes
a new introductory essay by Robert S.
Cohen and a preface written shortly
after Hertz’s death by his teacher, the
great Hermann von Helmholtz.

AERODYNAMIC COMPONENTS OF AIR-

| craFT AT HicH SpEEDS, edited by A. F.

Donovan and H. R. Lawrence. Prince-
ton University Press ($17.50). Volume
VII in the comprehensive series “High-



Dr. Peter J. W. Debye, professor emeritus of chemistry at Cornell
University, and Dr. Lloyd P. Smith, President, Aveo Research
and Advanced Development Division, discuss the Avco research
program prior to Dr. Debye’s recent colloquium at the Division’s
Lawrence, Massachusetts, headquarters.

Pictured above is our new Research Center now under construc-
tion in Wilmington, Massachusetts. Scheduled for completion in
early 1958, this ultramodern laboratory will house the scientific
and technical staff of the Avco Research and Advanced Develop-
ment Division.

Avco’s new research division now offers unusual and ex-
citing career opportunities for exceptionally qualified and
forward-looking scientists and engineers in such fields as:

Science:

Aerodynamics - Electronics « Mathematics + Metallurgy
Physical Chemistry - Physics + Thermodynamics
Engineering:

Aeronavutical - Applied Mechanics + Chemical - Electrical
Heat Transfer « Mechanical + Reliability < Flight Test

Write to Dr. R. W. Johnston, Scientific and Technical Relations,
Avco Research and Advanced Development Division,
20 South Union Street, Lawrence, Massachuselts.

TO
“ NOURISH
AN IDEA

HE FULL IMPACT of science on man and his economy is just
beginning to be realized. Past achievements, translated into
today’s technology, are transforming the world.

In the dynamic environment man has created, his civilization
cannot stand still. He is committed to move forward to new
scientific breakthroughs that lay the foundation for a strong
economy based on advanced technical achievement.

Creative scientists and engineers, working together in an intel-
lectual environment where ideas can be freely expressed and
freely explored, will shape this new economy. Avco is creating
the environment in which uninhibited thinking men can search
out new problems and work toward their solution. A new research
center will provide a physical environment, facilities and contact
with stimulating minds to nourish the best ideas that each man
contributes.

Some of America’s foremost scientists and engineers are at work
here. Consultants, like Dr. Peter J. W. Debye, contribute through
colloquia and the stimulation of the inter-disciplinary currents
imperative to high-level scientific performance.

Avco’s scientific approach to urgent national defense problems
has already brought advances in high-altitude, high-speed flight,
missile re-entry, aerodynamics, heat transfer, materials and other
areas. Practical problems have been solved; scientific horizons
have been widened. But the greatest challenge at Avco lies with
work yet to be done.

RESEARCH & ADVANCED DEVELOPMENT

© 1957 SCIENTIFIC AMERICAN, INC



JOSIAH MACY, JR. FOUNDATION

in October.)

POLYSACCHARIDES IN BIOLOGY

Edited by Georg F. Springer, William Pepper Laboratory of Clinical Medicine,
Hospital of the University of Pennsylvania

Transactions of the First Conference

This stimulating new book is the first in a series of five
nearly verbatim reports of a multi-discipline conference
group dealing with the many biological aspects of poly-
saccharides. The discussions are primarily concerned with
problems of nomenclature, problems of classification, bac-
terial polysaccharides, and blood group substances. $5.00

Transactions of the Second Conference

The report of the second meeting of this group deals
with sialic acid and related compounds, the interaction
of polysaccharides and viruses, and pyrogens. (To be ready

$5.00

JOSIAH MACY, JR. FOUNDATION PUBLICATIONS
16 WEST 46th STREET, NEW YORK 36, NEW YORK

Please make checks payable to Josiah Macy, Jr. Foundation

The most important book
on rockets ever written...
NOW
fully
revised,
enlarged,
and up-
to-date! |

by WILLY LEY

Since its publication in 1944, this invaluable
book has gone through 11 printings and two com-
plete revisions. The exciting future of rocket
developments and space-travel predicted in the
earlier editions is now here: this is the whole
up-to-tomorrow story of the very latest develop-
ments and the prospects for the next few years.

Filled with top-secret information only re-
cently released for publication, the book covers
the current satellite project in full detail and
describes the many rockets and the new rocket
fuels developed since 1951. The chapter on
space medicine has been greatly expanded and
the true story of Peenemunde—of especial his-
torical interest—has been told from personal
consultation by the author with Walter Dorn-
berger, Wernher von Braun and other Peene-
mundians now in this country. Extensive bibli-
ography, index.

Fully illustrated with drawings, charts, dia-
grams and photographs.............................. $6.75

THE VIKING PRESS

625 Madison Ave., New York 22

Interested in Astronomy?

Sky and Telescope

The largest astronomical magazine in the
world. Profusely illustrated, each month’s
issue contains articles by leading astrono-
mers, observing and telescope-making de-
partments, star and planet charts, and book
reviews, Subscription—U. S. and posses-
sions: $5.00, one year; $9.00, two years.
Canadian and foreign rates on request. Send
check or money order, or write for a sample.

The History of the Telescope

By Henry C. King. Widely acclaimed as a
major contribution to the history of science,
this book is the first to tell the full story of
the telescope. 456 pages; 196 illustrations.
12.50 postpaid

Making Your Own Telescope

By Allyn J. Thompson. Like thousands of
others, you can make your own high-quality
6-inch reflecting telescope, following the
step-by-step instructions in this unique book.
Your instrument will collect 1,000 times as
much light as the unaided eye and magnifica-
tions up to 250 times can be used on the sun,
moon, planets, stars and galaxies. 211 pages,
98 figures, and 6 plates. $4.00 postpaid

Write for free circulars describing
all SKY PUBLICATIONS.

SKY PUBLISHING CORPORATION

313 Harvard Observatory
Cambridge 38, Massachusetts
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Speed Aerodynamics and Jet Propul-
sion,” intended to present “the aerody-
namic knowledge that is of most direct
interest to the designers of high-speed
aircraft.”

AvrceBraic GEOMETRY AND ToproL-
ocy, edited by R. H. Fox, D. C. Spen-
cer and A. W. Tucker. Princeton
University Press ($7.50). The 25 pa-
pers composing this volume were con-
tributed to celebrate the 70th birthday
of Professor S. Lefschetz, for many
years on the faculty of Princeton Uni-
versity and a leading investigator in the
field of algebraic geometry.

Lupwic ScHLAFLI, 1814-1895, Cov-
LECTED MATHEMATICAL WORKs. Birk-
hiuser Verlag (172 francs). Schlifli was
a  distinguished 19th-century Swiss
mathematician who contributed to al-
gebra, geometry, topology and analysis.
During his lifetime his work was not as
fully appreciated as it deserved, al-
though the famous British mathema-
tician Arthur Cayley so much admired
some of his papers that he translated
them into English to introduce them to
a wider audience. Schlifli’'s complete
works are now presented in German in
this elegant, handsomely printed edition,
which includes his celebrated paper on
the theory of n-dimensional spaces.

MODERN MATHEMATICS FOR THE
ENGINEER, edited by Edwin F. Becken-
bach. McGraw-Hill Book Company,
Inc. ($7.50). This volume in the Uni-
versity of California Engineering Ex-
tension Series presents a survey by 19
mathematicians of the applications of
advanced mathematics, from equili-
brium analyses to methods of steep de-
scent to problems of technology. The
book affords an uncommonly broad view
of the many-sidedness and adaptability
of mathematics in the treatment of phys-
ical questions.

AupuBoN WESTERN Birp GuipE, by
Richard H. Pough. Doubleday & Com-
pany, Inc. ($4.95). Some 200 land, wa-
ter and game birds of western North
America are described in text and draw-
ings, color and black-and-white.

A PictoriaL HiSTORY OF THE AMERI-
caN Inpian, by Oliver La Farge. Crown
Publishers ($7.50). A distinguished
writer and scholar presents an illus-
trated survey of the North American
Indian from the time the white man first
landed on the continent up to the present
time.



Critical comments on
FADS & FALLACIES.

“Here is a book that scientist and non-scientist
alike can read, and read with enjoyment . . . re-
markably well-balanced and accurate book,”
QUARTERLY REVIEW OF BIOLOGY.
“Should help all of us,” SATURDAY REVIEW.
“Just about the most stimulating science hook of
the year,” GALAXY. “Diesem Buch ist ein Wel-
terfolg zu wiinschen,”” DIE MONAT. “Useful
and readable scrupulously fair . . . could
doubtless be read with profit by almost everyone,”
MAGAZINE OF PHILOSOPHY AND PHE-
NOMENOLOGICAL RESEARCH. “Dazzlingly
devastating,” N. Y. HERALD TRIBUNE. ¢
valuable contribution,” Ernest Nagel. Prof. of
Phil., Columbia, in THE NATIOY. “Hilariously
entertaining,” SAN FRANCISCO CHRONICLE.
Already translated into German, Spanish, and
Swedish.

PARTIAL CONTENTS...

Flat earth fanatics who devise experiments to prove their
point . . . hollow earth believers, like Symmes, who got
25 congressmen to vote him funds for an expedition to the
center of the Earth . . . Cyrus Teed, who discovered that
we live on the inside of a hollow sphere . . . Velikovsky
and the planet Mars. which leaves its orbit and causes
biblical miracles . . . flying saucers, little green men,
and how they grew “‘Einstein’s relativit. s voodoo
. disorgs, menorgs, zig-zag and s 1. and
the Lawson’ concept of the universe . . . how the force
of gravity was responsible for the dismissal of General
MacArthur . . Lysenkoism, other eccentric bhiological
theories creation of crystals by willpower
Atlantis, Lemuria, other *‘lost continents’” . . . Gurdj
or Beelzebub visits the solar system . . . Ouspensky, or
how much wisdom can you attain without a sense of
humor . . . Andrew Crossc. who thought he could create
cheese mites by electricity . . theories of sexual re-
juvenation . . . Wilhelm Reich, the energy of the orgasm,
control of the hydrogen homb by orgasm energy .
Dianetics, or how to double your 1Q . . . Korzybski, Gen-
eral Semantics, or philosophic double-talk . . . medical
frauds involving colored lights, strange drugs, mysterious
electrical machines . Bridey Murphy . . . psionics
machines . . . scores of other fascinating topics.

Why do thousands of otherwise intelligent
people use the Bates method of improving
vision, even though it is rejected by medical
science?

IT"hy did Nazi scientists try to photograph
the British fleet, hundreds of miles away, by
pointing cameras up in the air at a 43° angle?

IVhy  have thousands of people injured
themselves by abandoning repiutable medical
treatment and following crackpot panaceas—
“oibrations” sent for thousands of miles, col-
ored light baths, boxes that accumulate life
radiations, or fasting for weeks?

IVhy is the spread of scientific fad and
fallacy sich a large industry at present? Why
can crackpots get free TV time, coverage in
the syndicated press, while reputable scien-
tific discoveries are ignored?

by Martin Gardner

“Every scientist, for the preservation of
his own good sense, should read this
book,” QUARTERLY REVIEW OF BIOLOGY.

FADS & FALLACIES

IN THE NAME OF SCIENCE

$1.50

s is the new enldrged revised edition of IN "THW
b OF SCIENCE, the standard work exposing the
various cults, s, and curious panaceas which
have masqueraded as ience. A first-rate contribution
to the history of thought, and lack of thought, this
witty and engaging work is crammed full of information
about hundreds of pseudoscientific systems.

It ranges from astronomy to theoretical physics, bio’ogy,
biochemistry, chemistry, geology, medicine, nutrition,
ex, psychology, philosophy, logic, history, and scien-
¢ method. It is not a collection of anecdotes, hut a
f.nr and reasoned appraisal of eccentric theory, unique
in its recognition of the larger implications that pseudo-
science has for our lives.

FADS AND FALLACIES is an intensely useful book.
It is an unmatched study of the negative side of scien-
tific method, in its detailed consideration of what is
wrong with scores of case studies. Strange theorie:
weird imaginings ranging from obvious nonsense to
tems so cleverly constructed that even the expert must
pry deeply to find the exact place where the contriver
went astray.

It is excellent orientation for students of the physical
sciences, and is used by colleges all over the country for
a text in classes on science, psychology, philosophy. Give
it to friends who ask questions about flying saucers or
Wilhelm Reich. Read it yourself, for an evening or two
of amazement and entertainment.

This edition has been enlarged by 60 nages of new
material and hlhllogranl y: Bridey Murphy, xpock\,
scientology, psionics machines etc. x + 365pp. 53 x

T394 Paperbound $|.50

NEW REPRINTS IN PHYSICS, OPTICS,
BIOLOGY, MATHEMATICAL RECREA-
TIONS, HISTORY OF SCIENCE

T240. STUDY OF HISTORY OF MATHEMATICS,
STUDY OF HISTORY OF SCIENCE, George Sarton.
Two volumes bound as one. Scientitic method, research
introductions on two scholarly fields. Skills and sym-
pathies, concepts of history, idea creation, use of history
of science in research and teaching. More llmn 80 pagos
of classified bibliography. Total of 203 pp. 53 x 8
Paperbound $1.25

T425. NATURE OF ELECTRICITY, P. Dunsheath.
(THE ELECTRIC CURRENT). Christmas Lectures,
Royal Institute, on nature of electrici its production,
transfer, uses. AC, DC, arcs. is, ete. Every-
thing in this completely intelligible to layman. Treat-
ment is practical and physical. 130 illustrations, includ-
ing 48 photos. 231 pp. 53% x 8 Paperbound $1.95

T412. THE RESTLESS UNIVERSE, Max Born. Nobel
Laureate in most ea followed account of certain
aspects of nuclear physics. Molecules. atoms, sub-atomic
particles, nuclear ph New chapter brings up to
date to 1951. ‘‘Ea (lelightfu]. more thorough, deeper
than most attemp( CHEM. ENG. NEWS. 7 animated
sequences you 0 see _atoms, molecular motion. Al-
most 1000 illustrations. 315 pp. 5% x 8. I’aperbound $2.00

T350. MATHEMATICAL EXCURSIONS, Helen Merrill.
How to tell by inspection if number is divisible by 7,
il, or 13; changing circulating decimals to fractions;
Lundreds of similar insights, fun-pieces, recreations.
Solve equations by’ geometry, mnemonic devices for pi,
dyadic _number systems, etc. Also more than 90 l)roh-
Icms, ditficult ones answered. 50 illustrations. 145

5% x 8. Paperbound $1. 00

T416. SPINNING TOPS AND GYROSCOPIC MOTION,
J. Perry. Outstanding classic exposition, demonstration
of dynamics of rotation on popular level. Covers pre-
cession, axes of rotating hodies; physics, astronomy, elec-
tromagnetism, etc. \Wonderful for beginning student;
full of demonslrauon hints for lecturer. 62 figures. 128
pp. 3% x 8. Taperbound $1.00

8366 APPLIED OPTICS AND OPTICAL DESIGN,
E. nrady. This is the only detailed fundamental
hook on 0[)(1(\ & optical design. Systematic, limited to
simple mathematics, it leads the reader step by step to
designing simple systems without aid. Covers all or-
dinary ray-tracing methods, complete theory of primary
aberrations, and higher aberration necessary for design
of telescopes, lowpower microscopes, etc. Treatment is
detailed, many examples worked out. n.)le“onhy

contribution,” NATURE. 150 diagrams. 528 pp. 5% X
Paperbound $2. 95

$413. INTRODUCTION TO STUDY OF STELLAR
STRUCTURE, S. Chandrasekhar. Stellar dynamics, ther-
modynamic laws, formal theory of radiation, gaseous
stellar envelopes, modes; Gibbs’ statistical me-
white dwarfs, stellar energ\ ete. ""Reaches the
highest level of scientific merit,”” BULL. AM. MATH.
SOCIETY. 33 figures. 509 pp. 5% x 8. Paperbound $2.75

S244 INTRODUCTION TO RELAXATION METHODS,
Shaw. 1st inexpensive edition. Clear, modern treat-
mcnl of approximation methods in solution of linear and
partial differential equations of 2nd, higher order in all
Vv hle,”” REV. OF SCIENTIFIC INSTRU-
cellent introduction,” PHYSIKALISC HF

3 diagrams. 72 tables. 400 pp. 5% X
aperlmund SZ 45

All books 53 x 8” unless otherwise indicated.

e

MEABTTER.

$401-3. LES METHODES NOUVELLES DE LA
MECANIQUE CELESTE, H. Poincaré. Complete text
in French of Poincaré’s most important treatise. The first
use of integral invariants, investigates periodic orbits,
gives considerable attention to famous 3-body problem,
approaching from many different w Jacobi, Integra-
tion by series, asymptotic solutions, Newcomb, Lindstedt,
Gylden, Bohlin, Poisson, and many other topics and
methods are considered. ‘“P.’s most original work was
summed up in his grea' *reallae LES METHODES
it started a new er few even today have m
it,”” E. T. BELL. To(al of 1282 pages. 3 volumes.

The set PPaperbound §7.50

SI60 DICTIONARY OF CONFORMAL REPRESEN-
TIONS, H. Kober. Enables user to solve Laplace’s
euualmn in 2 dimensions for many houndary conditions.
Scores of geometrical forms and their transformations.
This is the 1st inexpensive edition. ‘*Of great value to
workers m electricity, hydrodynamics, aerodynamics,
heat flow,” BRIT. JOURNAL APPLIED PHYSICS,
May remain the standard work for many .

H. GAZETTE. Bibliography. Index. 147 diagrams
221 pp. 5% x 8. Taperbound $2.00

T400. INTRODUCTION TO THE STUDY OF EX-
PERIMENTAL MEDICINE, Claude Bernard. 1st inex-
pensive edition of this great classic of experimental
medicine. Examines principles of scientific reaear(h
chance and error, hypothesis, experimer
tion. Necessary reading for all biologis .t
medical people. New introduction by Professor (()hen
Harvard. 291 pp. 5% X Paperbound $1.50

OTHER DOVER BOOKS

TI163. MATHEMATICAL RECREATIONS, M. Krait-
chik. Moderately advanced problems hased on theory of
numbers, topology, ete. Unequalled for easily assimilated
insights. 330 pp. Paperhound $1.75

X773. SYMBOLIC LOGIC, Lewis Carroll. Not modern
mlmll( logic; best used as collection of several hundred
fa ting pu/Lles written with all the charm, wit of
%II( . 229 pp. Paperhd. $1.45

T384. HOUDINI ON MAGIC. Houdini’s own account of
magic tricks, picking locks, exposé’s of spiritualism, how
stage magic works, etc. Incredible feats of greatest ma-
gician of modern times. 155 photos. 295 pp.
Paperbd. $1.00

T198. MATHEMATICAL PUZZLES FOR BEGINNERS
& ENTHUSIASTS, G. Mott-Smith. 188 mathematical
pu//les of most delightful sort, detailed solutlons 248

Paperhd. $1.00

TI10. MATHEMAGIC, MAGIC PUZZLES, GAMES
WITH NUMBERS, R V. Heath. One of most famous
books in recreational math. 128 pp. Paperbd. $1.00

T295. HOW TO CALCULATE QUICKLY, H. Sticker.
Tried & true method, over 9000 problems, to develop
your number sense; (c(hmuucs not taught in schools: di-
vision, multiplication, ete. 256 pp. Paperbound $1.00

$289. MONOGRAPHS ON TOPICS OF MODERN
MATHEMATICS, ed. W. Young. Foundations of geom-
etry, non-Euclidean geometry, theory of numbers, cal-
culus, for persons who have forgotten or never finished
elementary college math. 432 pp. Paperbound $2.00

$109. VECTOR AND TENSOR ANALYSIS, G. E. Hay.
Start with simple definitions, finish understanding vectors
and tensors. 201 pp. Paperbd. $1.75

S168. NUMERICAL SOLUTIONS OF DIFFERENTIAL
EQUATIONS, Levy & Baggott. Unequalled time saver.
Graphic, numerical methods. “*Should be in hands of all
in research in applied math,” NATURE. 246 p

I aperhd $1.75

ered
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$133. TABLES OF FUNCTIONS, with formu|ae. curves,
E. Jahnke, F. Emde. Most comprehensive 1 vol. collec-
tion. 394 pp. Paperbound $2 00

S164. INTRO. TO SYMBOLIC LOGIC, Susanne Langer.
Even if you never finished high school algebra you can
learn modern Russell-\Whitehead logic. 368 pp.

Paperbd. $1.75

S81. PRINCIPLE OF RELATIVITY. Einstein, Lorentz,
Weyl, Minkowski. 11 papers founding relatmt) Tr
abridged translations. ‘‘Indispensable,’ TURE.

pp. Paperbound $1.75

S193. HIGHER MATH. FOR STUDENTS OF CHEM-
ISTRY & PHYSICS, J. Mellor. Class favorite, un-
equalled review, practical rather than theoretical, on labh
situations: integral, differential calculus, theory of
errors, ete. 662 pp. Paperbound $2.00

$346. ELEMENTS OF MATHEMATICAL BIOLOGY,
A. Lotka Classic application of math to biological sci-
““Vast amt. of facts unattainable vuthm same
compass elsewhere.”” NATURE. 72 figures. 490 p
l’apelbound $2.45

S$361. THERMODYNAMICS, Enrico Fermi. Clear ele-
menta ““May he recommended as clear, very accurate
introduction,”” J of P’hys. Chem. 170 pp. I’aperbd. $1.75

T371. TRIGONOMETRY REFRESHER FOR TECHNI-
CAL Klaf. 913 detailed questions, answers
brush up for \ou 1738 problems. 436 pp. Paperbd. $2.00

T370. CALCULUS REFRESHER FOR TECHNICAL
MEN, A. Klaf. 756 detailed questions, ansvserb, in
unique practical refresher. 560 problems. 136 p
Panerbd $2.00

$377. FOUNDATIONS OF PHYSICS, R. Lindsay, H.
Margenau. ‘‘Unreservedly recommended,”” TURE.
Ideas and methods of modern theoretical physics. 35 il-
lustrations. 577 pp. 5% x Paperbound $2.45
T335. MATHEMATICS, MAGIC & MYSTERY, Martin
Gardner. Mathematical theory behind magic effe
Hundreds of fascinating tricks.

5% x 8. Paperbound $1.00
rDep’. 112, Dover Publications, Inc.
920 Broadway, N.Y. 10, N.Y.

Please send me the books encircled below: .
Please print.

Name
Address .

City State....

1
I am _enclosing $ ... in full payment. (Payment l
in full must accompany all orders except those from l
libraries and public institutions, who may be billed.)
Please add 10¢ per book to your remittance for post- |
age, handling charges on orders_less than $5.00.
Dover pays postage on orders of $5 or more. I

Ss81 $109 THO S133 S160 TI63
S164 S168 S193 TI198 T240 §244
$289 T295 T335 $346 T350 8361
8366 T370 T371 $377 T384 T394
T400 S401-3  T412 S413 T416 T425

X773

atisfaction guaranteed. All books returnable within
ISO days for full and immediate cash refund if they
are unsatisfactory in any respect whatever.
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o with maximum efficiency

o with perfect control

R

e - .

Getting them there

« on the button

Typical FICo éystems and Instruments

FICo ASN-7 Course ond Distance
Computer System — indicator and
control are shown. Can be provided
with polar capabilities,

FICo Viewfinder Computing Timer
— controls up to five aerial cameras
simultaneously. Highly compact.

FICo Exhaust Temperature Indica-
tor — range 200°C to 1000°C with
*£5° accuracy. 6” long x 2" diam.

FICo Wind Memory Computer — an
aid when navigational systems oper-
ate with Doppler.

No missile systems can be
illustrated because of the
level of classification. FICo
is doing extensive work in

ABMA's Redstone and Jupi-
ter programs, in the Navy's
Tartar and Terrier programs,
and in other projects.

FICo Magnetic Variation Computer
— precludes need for manual correc-
tion in aero navigation.

FICo ASN-6 Present Position Com-
puter System — indicator and con-
trol are shown,

d‘\s 7

FICo Test Set — for flight line check
out of navigational system. Self-
contained and portable.

- Ty

FICo Analog-to-Digital Converter
~ for airborne sensing system for
traffic control.

© 1957 SCIENTIFIC AMERICAN, INC




Ford Instrument provides the systems

Navigational Systems and Computers Exhaust Temperature Indicators

Cruise Controls Sensing Systems for Traffic Control
Guidance Systems Drone Controls
Missile Launching and Control Computers  Computing Timers for Aerial Photography

Computer and Control Components Plotting Equipment

FORD INSTRUMENT CO.
DIVISION OF SPERRY RAND CORPORATION

31-10 Thomson Avenue, Long Island City 1, New York.
Beverly Hills, Calif. Dayton, Ohio

For information on FlCo’s aero and missile products and capabilities, write to FICo’s AIRBORNE EQUIPMENT DEPARTMENT.
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bbbl

MIT LINCOLN LABORATORY

conceives and develops new techniques
for defense against air attack. Additional

qualifed
physicists
engineers
mathematicians

are needed to devote their intelligence

to this critical and intricate work.

——
NSl

RESEARCH and DEVELOPMENT

MIT LINCOLN LABORATORY

BOX 18
LEXINGTON 73, MASSACHUSETTS

HEAVY RADARS

MEMORY DEVICES

TRANSISTORIZED DIGITAL COMPUTERS
SCATTER COMMUNICATIONS

SOLID STATE

AEW (air-borne early warning)

SAGE (semi-automatic ground environment)
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HE CANNOT DUPLICATE HIMSELF
_ ... BUT MAN HAS CREATED
“;;-'-""'? : A FANTASTIC SERVANT. ..

In a day when fascinating new computing concepts
have swept scientific thought past all known barriers,
it is easy to forget that behind all this amazing prog-
ress lies the one essential element for its success =
MAN.

Although he creates computers and electronic brains
that numb the imagination, the thinking man knows
c : he is the first, and the most indispensable, of all com-
puters. His genius at enslaving machinery to -work
Ci ¥oobola p with speed and accuracy surpassing his own is shown
i by today’s electronic computers, which save man eons
of time in solving problems recently considered hope-
lessly complex.

Solving many of these problems has enabled man to

plan further accomplishments for his new electronic

servant. In the future this remarkable assistant will

/ handle languages as well as numbers; it will be
,¢ 7 capable of diagnosing and treating many illnesses;
el and, in industry, will actually ““run’ a plant. These

are but a few instances of the computer’s apparently

limitless potential in a future restrained only by the
boundaries of man’s imagination.

Endowing computers with these near-human capac-
. o ities is the special work of our talented creative teams
H e at the Burroughs Research Center in Paoli, Pa. At

this modern facility you can take part in our ambi-
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tious program, tackle new and refreshing assign-
ments, guarantee your professional future and give
2 your family the advantages of modern living in an
Ay established suburban community.

tay

o

Our present needs are for people experienced in
Electronic Digital Computers, Guided Missiles, Radar,
> Fire Control Systems and allied areas of electronics,
with specific emphasis on men who by education or
experience can qualify for the openings listed herein,

AN A = /\ Write or Telephone
SER P M. E. JENKINS

J
AN P ~ Placement Manager
~ ; PAOLI 4700
. 3 For Interview at Your Convenience

BURROUGHS

CORPORATION
Reseanch Center

PAOLI, PA.
On Philadelphia’s Main Line,
Near Historic Valley Forge
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laboratories at F T L.
offer unlimited opportunities

to top engineers and scientists

1. Radio Navigation 2. Missile Guidance
3. Electronic Countermeasures 4. Electronic Systems
5. Radio Communication &= Physical-Chemical
7. Electron Tubes 8. Wire Communication

In suburban New Jersey—only a few minutes away from
New York City—at least one of these 8 research and devel-
opment “centers” comprising Federal Telecommunication
Laboratories offers a solid future to you!

Whether your field is computers, data processing, radio
communication, air navigation, missile guidance, electronic
countermeasures, antennas, transistors, traveling wave
tubes or telephone switching, you can be sure your assign-
ment will be interesting, challenging and rewarding.

Opportunities at FTL are unlimited. Our program is
long-range . .. commercial and military. We have the finest
facilities . . . our future is expanding on both coasts. Ability
reaches the spotlight quickly under our “small-company”

project system.

Choose FTL-IT&T—where you build 2 careers in 1.

If you prefer CALIFORNIA

Opportunities for relaxed living and
career-building also ot FTL's West
Coast Laboratories: San Fernando,
Cal., 15151 Bledsoe St.—openings in
Digital Computers, Inertial Naviga-
tion Systems and Infra Red Systems.
Palo Alto, Cal., 937 Commercial Street
—openings in Carrier Systems.
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FTL’s East Coast Laboratory, Nutley, N. J.—
only 28 minutes by bus from New York City

MAIL THIS COUPON TODAY

|
I Federal Telecommunication Laboratories
I 500 Washington Avenue, Nutley, N. J.

Please send literature describing opportunities
I and benefits at FTL, in Nutley, New Jersey.
|
|

Name
Address

I City Zone State

e ]

Federal Jelecommunication Laborafories

A Division of INTERNATIONAL TELEPHONE
AND TELEGRAPH CORPORATION
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the present
and

YOUR FUTURE IN ATOMIC POWER

The USS Nautilus prototype was the first successful
application of nuclear power. In 1957 the nation’s first
full-scale commercial generating plant at Shipping-
port will have its turbines powered by a Westinghouse
reactor. Although the success of the nuclear reactor
is a historical milestone, the application of nuclear
power is still in the pioneering stages.

Much applied research remains to be done before
the potentialities of nuclear energy can be utilized to
the fullest extent. Opportunities for original work in a
variety of fields present a creative environment for
your professional growth.

At Bettis Plant, operated by Westinghouse for the

Atomic Energy Commission, more nuclear power re-
actors are being designed and developed. Here scien-
tists and engineers are continuing to investigate new
areas for progress in all phases of reactor theory, de-
sign, and application.

If you are a physicist, mathematician, metallurgist,
or a mechanical, chemical, or electrical engineer, in-
terested in the challenging opportunities offered by
the leader in the nuclear power industry, write for a
descriptive brochure on the opportunities in your
field. Be sure to specify your interests. Address: Mr.
M. J. Downey, Westinghouse Bettis Plant, Dept.
A-195, P. O. Box 1468, Pittsburgh 30, Pennsylvania.

BETTIS ATOMIC POWER DIVISION

VVestinghouse
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expansion

PROVIDES NEW OPPORTUNITIES AT CELANESE FOR

CHEMISTS

CHEMICAL ENGINEERS
MECHANICAL ENGINEERS

The rapid growth of Celanese’s Plastics Division, with a brand new plant in
Houston, Texas, in addition to expansion in the New Jersey facilities,

opens up a wide range of opportunities for Chemical Engineers (particularly
those with instrument experience), Chemists, Mechanical Engineers,
Physicists and Mathematicians in Newark, New Jersey.

Men interested in applications laboratory work, technical service or
a combination of the two will find a variety of stimulating assignments
in the introduction of Celanese’s linear polyethylene, Fortiflex.

The Cellulosic and newly introduced Polyolefin operations in the
Technical Development Dept. provide a full range of problems from
research to production scale for those who like to “‘see it through”.

If vou are interested in both personal and professional advancement,
send your resume now to J. A. Berg.

CORP. OF AMERICA

290 Ferry St.

amazing scientific a

Gamma 4
Atomic
Radiation
Detector

PROTECT YOUR
FAMILY WITH GARD

An amazing new development in nuclear
detection has been utilized to produce an
inexpensive emergency' radiation detector
for use as a home survey meter in the event
of a nuclear explosion. Since scientific tests
have proved that the intensity of radiation
varies greatly within the overall area of fall-
out, a family may then find the safest spot
in their own home by using a detection in-
strument such as GARD.

GARD is small and light weight. It has no
moving parts that wear, or parts that dis-
charge or need charging, and is made from
non-breakable materials. GARD will last in-
definitely, and will be instantly ready for
use or re-use at any time.
Your family deserves the protection of a
radiation detector.

ORDER NOW—-ONLY $7.50
15 DAY MONEY BACK TRIAL OFFER. Send
$7.50 for your GARD. If you are not com-
pletely satisfied, return your GARD and your
money will be refunded immediately without
question.

Send check or money order to:

" Sargent-Rayment Co.
4928 E. 12th St.,
Qakland 1, Calif.
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Newark, New Jersey

2% PROJECT
¢¢® |LEADER

Polymer Chemistry

This man should have a Ph.D.
in physical chemistry, plus about
5 years’ experience, and should
be prepared to direct and carry
out applied research which re-
quires specialization in either
surface science or polymer
chemistry.

Assistant

PROJECT

LEADER 7

Nuclear Science

This opening is for a man with

AEC or industrial experience.
ORSORT training would provide
a splendid background for this
position.
Quantum, Inc. has other fine
opportunities for qualified
research personnel. We wel-
come your inquiries.

QUANTUM

INCORPORATED

| 55 LUFBERY AVENUE, WALLINGFORD, CONN.
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To forward-looking engineers and scientists of all disciplines

Dr. Leverett is Manager of the
Development Laboratories at the
G-E Aircraft Nuclear Propulsion
Department in Cincinnati, Ohio.

HERE IS SCARCELY a single type of
aircraft propulsion machinery
which has not been proposed for in-
corporation in a nuclear power plant
for aircraft.

The requirements of small size and
high-power density in a reactor in-
stalled in aireraft push the heat-trans-
fer designer to the limit of his knowl-
edge. New developments in materials
for shielding are essential —and for
electronic components capable of with-
standing the extreme temperatures and
nuclear radiation involved. These are,
of course, merely broad indications of
the many intricate problems faced by
scientists and engineers at the Aircraft
Nuclear Propulsion Department of
General Electric.

Today much progress has been made
at ANP. The propulsion system has
been determined—a TURBOJET DIRECT
CYCLE SYSTEM (see diagram below).
The feasibility of this system has been
demonstrated at ground tests conducted
at the National Reactor Test Station
near Idaho Falls, Idaho.

TURBOJET DIRECT CYCLE
NUCLEAR POWER PLANT

“The technical difficulty of the task of developing nuclear
propulsion systems for aircraft—and the military value
of the result—combine to form a challenge which is, in
my opinion, unmatched,” says Dr. M. C. Leverett of the

General Electric Company.

Product development at ANP is now
proceeding at increased tempo. This
program offers work of high techno-
logical interest to a number of engi-
neers and scientists from different
disciplines. If you have an interest in
any of the following areas, your in-
quiry is invited.

Thermodynamics & Air Cycle Analysis
Stress & Weight Analysis
Heat Transfer

Fluid Flow

Shield Design

Remote Handling

Reactor Design & Structures
Turbojet Applications
Environmental Testing
Controls & Instrumentation
Applied Mathematics
Digital & Analog Computers
Theoretical Physics

Physical Chemistry
Metallurgy

Ceramics

Reactor Analysis

Openings in Cincinnati, Ohio
and Idaho Falls, Idaho

Publication of Technical Papers
is Encouraged

' |

——
Air In
——

e
J Exhaust Jet
-~

Compressor

Heat transf d from

e

Turbine

directly by the air coolant,

Turbojel converts heat into propulsive thrust,

How General Electric
helps you become
a Nuclear Specialist

The Nuclear Engineering
Master’s Degree Program
helps you acquire or augment
skills and knowledge essential
to the aircraft nuclear propul-
sion program. 100% Tuition
Refund is provided for gradu-
ate courses at the University
of Cincinnati.

With the help of engineer-
ing management, you work
out a study program to devel-
op your maximum potential
for current and future assign-
ments in the field of your
choice. The wide range of
courses offered includes
nuclear engineering and tech-
nology, control systems, fluid
dynamiecs, heat transfer,
servo-mechanisms, treatment
of experimental data, digital
computer applications, and
many others essential for your
progress in nuclear flight
development.

Please write in confidence stating sal-
ary requirements to location you prefer.
MR. J. R. ROSSELOT
P.0. Box 132, Cincinnati 15, Ohio
MR. L. A. MUNTHER
P.0. Box 535, Idaho Falls, Idaho

AIRCRAFT NUCLEAR PROPULSION DEPARTMENT

GENERAL @ ELECTRIC
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“PORTER-BLUM"

MICROTOME
1/40 to 1/2 micron

For the serial sectioning of a wide
variety of materials, including: plas-
tics, synthetic and organic fibres, rub-
ber, soft metal, bone, plant and bio-
logical tissue.

The only microtome with which you
can cut ultra-thin and thick sections
alternately—for electron- and light-
microscope comparisons. Other exclu-
sive features: Dial for selecting sec-
tion thicknesses ® Mechanical Ad-
vancement ® Easy to operate ® Prac-
tically maintenance-free.

Ivan Sormvall, Inc.

CONNECTICUT

NORWALK -

Can you think faster
than this Machine?

Control Panel of GENIAC set up to do a problem

Be careful before you answer. GENIAC the first elec-
trical brain construction kit is equipped to play tic-tac-
toe, cipher and encipher codes, convert from binary to

tract, multiply and divi Femﬁc problems in a
i elds—actuanal, policy claim settlement,

physics, etc.—can be set up and solved wlth the com-

ponents. Connections are solderl an

explained with templates in the manual. Thxs covers 33

circuits and shows how new ones can be designed.

You will find bulldlng and using GENIACS a wonder-
ful expenence, one user wrote us: ‘‘this kit has
onened up new wuorid of thinking to me.’’ You actu-
ally P n[\|ih| tp )hlem solving, and game
nim, etc.

can be analyzed with

" ||||. ints hBt solves problems faster than you

Xpress the

Schools and_colleges, teachers of science or math,
engineering, philosophy or psychology will find the=e
excellent demonstrators of circuitry, solutions in sym:
bol'{c logic, theory of numbers, cybernetics, and auto
mation

SEND for your GENIAC kit v
over four hundred comjminrils s
trated manuals and wiring
if you do not want to ke i

you can return it for full refimed s L e

mmmemmesMAIL THIS COUPONe e e mm=

SCIENCE KITS, Department SA97
Oliver Garfield Company
126 Lexington Avenue, New York 16, N. Y.
Please send me:

1 GENIAC Electric Brain Construction Kit and
Manual.

$19.95 (East of Mississippi)

$20.95 (Elsewhere in United States)

$21.95 (Outside the United States)
Retumable in seven days for full refund if not satisfied.
I enclose $.......ccceeeunee in full payment.

My name and address are attached.
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FOR RELIABLE ULTRA-THIN SECTIONING
Specify

Patented and
Patents Pending

WRITE FOR BULLETIN SA-95
]

Microtome illustrated includes optional
microscope, linkage, and light source.

DESIGNERS, MANUFACTURERS AND
DISTRIBUTORS OF °*‘SERVALL'"
LABORATORY INSTRUMENTS

©® For Cutting Costs

© For Expediting
Experimental Work

® For Speeding Pilot
Plant Operation

©® For Making Quick
Product Changes

® For Meeting Time
and Cost Budgets

©® For Replacement Parls
on Obsolete
Equipment

® For Small Orders

SAVE UP TO 809 of the cost of conventional
tooling methods with Federal’s ‘“Controlled
Tolerance’” short run stampings. Meet time
and cost factors with accurate, quality stamp-
ings of any material up to 10"x14"x14{" thick
... any quantity from 2 pieces to 10,000. Send
your print, sketch or part
for a Federal Analyzed
Quotation. Prompt serv-
ice and prices.

FREE CATALOG

Tells where and how you can save
money using Short Run Stampings.
Gives design tips that reduce
stamping costs, Write for catalog
201 today.

TOOL & MFG. CO.

3627 Alabama Avenuve
Minneapolis 16, Minn.

QUALITY STAMPINGS IN SMALL QUANTITIES
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GENETIC MECHANISMS: STRUCTURE
anp Fuxcrion. The Biological Lab-
oratory, Cold Spring Harbor, L.IL,
New York, 1956.

THE ORGANIZATION AND DUPLICATION
oF CHROMOSOMES AS REVEALED BY
AUTORADIOGRAPHIC StuDIES USING
Trrtrum-LABELED THYMIDINE. .
Herbert Taylor, Philip S. Woods and
Walter L. Hughes in Proceedings of
the National Academy of Sciences,
Vol. 43, No. 1, pages 122-128; Jan-
uary, 1957.

A Symposium ON THE CHEMICAL Basis
ofF Hereprry. William D. McElroy
and Bentley Glass. Johns Hopkins
Press, 1957.

GIANT MOLECULES IN CELLS
AND TISSUES

CoxFERENCE ON TissuE FINE STruC-
TURE. The Journal of Biophysical and
Biochemical Cytology, Vol. 2, No. 4,

Part 2 (Supplement), pages 1-454;
July 25, 1956.

MACROMOLECULAR INTERACTION PAT-
TERNS IN BrorocrcaL Systems. Fran-
cis O. Schmitt in Proceedings of the
American Philosophical Society. Vol.
100, No. 5, pages 476-486; October
15, 1956.

DIE SUBMIKROSKOPISCHE STRUCKTUR
pEs CyTopLasMas. A. Frey-Wyssling
in Protoplasmatologia, Band 22
Springer-Verlag, 1955.

SYMPOSIA OF THE SOCIETY FOR EXPERI-
MENTAL Brorocy, No. IX: FiBrous
ProTtEINS AND THEIR BioLocicaL
SieNrFicance. Cambridge University
Press, 1955.

SymMpPostuM ON BIOMOLECULAR ORGAN-
IZATION AND LIFE-PRrROCESSES. Francis
O. Schmitt, Paul Doty, Cecil E. Hall,
Robley C. Williams and Paul A. Weiss
in Proceedings of the National Acad-
emy of Sciences, Vol. 42, No. 11,
pages 789-830; November 15, 1956.

MATHEMATICAL GAMES

CHANCE AND CHOICE BY CARDPACK ANE
CHESSBOARD: AN INTRODUCTION 10
PROBABILITY IN PRACTICE BY VISUAL
Aips, VoL. I. Lancelot Hogben. Chan-
ticleer Press, 1950.

THE AMATEUR SCIENTIST

! ELEcTRONICS: EXPERIMENTAL TECH-
~N1QuEs. William C. Elmore and Mat-
thew Sands. McGraw-Hill Book Com-
pany, Inc., 1949.

TimMe anp Its MeasureMENT. G. M.
Clemence in Ameiican Scientist, Vol.
40, No. 2, pages 260-269; April, 1952.




LEADERSHIP —E/lement 102

Element 102 was first synthesized by

Argonne scientists Paul Fields and Arnold Friedman
and colleagues; John Milsted of Harwell, England,
Hugo Atterling, Wilhelm Forsling, Lennart Holm
and Bjorn Astrom of Nobel Institute, Sweden

Inquiries Invited

MATHEMATICIANS « PHYSICISTS
METALLURGISTS * CHEMISTS
HEALTH PHYSICISTS

INDUSTRIAL HYGIENISTS
ENGINEERS: ELECTRICAL, CHEMICAL,
METALLURGICAL, COMPUTER, PLANT,
MECHANICAL, ELECTRONICS

TIONAL LABORATORY

Operaled by the University of Chicago under a
contract with the United Stales Atomic Energy Commission

A
b

PROFESSIONAL PERSONNEL OFFICE
P.0.BOX 299 - LEMONT, ILLINOIS

YEXSESREERR R R AR R RO
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[POLYPENCO

NYLON =

opens the way
to new concepts
in design

.

Stock shapes, sizes and formulations
assure availability and uniformity

Here is the NYLON for product improvement—available
from conveniently located nationwide stocks.

POLYPENCO Nylon places at the command of the engineer
over 600 sizes from more than 14 nylon formulations . . .
provides new concepts in product design for the mechanical,
chemical and electrical industries. Stock shapes include rod,
tubular bar, tubing, strip, plate, discs, film, hexagonal and
square rod, and extruded profiles.

The name POLYPENCO is your assurance of highest quality
materials. Itidentifies all products of The Polymer Corporation,
pioneer in stock shapes of industrial plastics engineered for

Other products of The Polymer Corporation :

POLYPENCO Teflont Stock Shapes

POLYPENCO Q-200.5 (Cross-linked poly-
styrene)

POLYPENCO K-51 (Chlorinated polyether)
NYLAFLOW® Pressure Tubing
FERROTRON® Ferromagnetic materials
NYLATRON® Filled nylon molding powders
NYLASINT® Finely divided nylon powders
WHIRLCLAD* Coating Process

WHIRLSINT* Powders for the Whirlclad
Process

tDupont trademark *Polymer trademark

284

rapid, economical, close tolerance fabrication on standard
metalworking equipment. These are the inherent properties
of POLYPENCO Nylon:

Toughness « Resilience « Wear and Abrasion Resistance « Low
coeflicient of friction « Lightweight « Resistance to solvents
and alkalies « High voltage and low frequency insulation «
Non-abrasive to other materials « Noise dampening.

This engineered material is ideal for bearings, gears, valve
seats, seals, rollers, thrust washers, wear strips and an increas-
ing number of new applications for superior wear and per-
formance. Polymer’s technical service department is ready to
help onyourapplications for nylon and otherindustrial plastics.
POLYPENCO Nylon shapes are available from stock in all
major U.S. cities and important foreign markets.

For latest data, write to Dept. SA-1, for bulletin:
“POLYPENCO Industrial Plastics.”

THE POLYMER CORPORATION OF PENNA.

A subsidiary of The Polymer Corporation

Reading, Pennsylvania

EXPORT—POLYPENCO, INC,
Reading, Pa., U.S.A.

POLYPENCO"
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extending man’s capabilities =3

. . the mathematician

manwsg
3 \\{' € s
> ¥y
His is the Queen of sciences. He leads his fellow man to predict future "f /i".
economy . . . points the way to converting limited mass into limitless 5 @
energy ... forecasts the flight of a man-made satellite before it is built. . N K )
Sincethe beginning of time—through Archimedes and Galileo to Einstein NORDEN KETAY

and von Neumann and many others—he has been insatiably curious,
indefatigable in his search for truth.

Today, Norden-Ketay joins with mathematicians and men of all sciences
to extend man’s capabilities through advanced instrumentation.
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This series is presented by Norden-
Ketay as a testimonial to those who use
its products and services in advancing
every scientific and engineering field.

Commerce Road, Stamford, Connecticut.



Exploring the Universe: First Step into Space. . .. If men are ever to journey to the planets P
and the stars, we shall need to know years in advance the biological and psychological effects of

cosmic radiation, extreme temperature variation, weightlessness, meteoric collision, synthetic C-Ll
air, disorientation and illusions of space and time. New aerodynamic forms and new applications

of atomic power may within the next few years make possible the sustained exploration of earth’s % 6{
upper atmosphere that will tell us what we need to know before our first human step into space. Sy

GENERAL DYNAMICS CORPORATION ¢+ 445 PARK AVENUE, NEW YORK 22, N. Y.
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