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Pl eourtesy Sorg Paper Company, Middletown, Onhlos

HOME DECORATION

A cover story worth repeating

It's fact not fiction. The book cover pictured above is
radically different from most you’'ve seen. Why?
Becauseit’s printed on plasticized paper.

What is plasticized paper? It’s a relatively new,
unusually durable paper that’s best made—as one lead-
ing manufacturer discovered—byintimately combining
normal paper fibers with CHEMIGUM LATEX.

Among the advantages of this rubberized paper are
high strength and exceptional flexibility plus unusual
resistance to moisture, soiling, fading, aging, tearing,

) ﬁiﬁpersion of
“oil-resistant rubber

cracking or fraying. And CHEMIGUM LATEX provides
the optimum in these properties along with outstand-
ing heat and light stability and ease of processing.

If you would like to repeat this story of high quality
in book covers, or in tags, labels, signs, banners, cal-
endars, menus or a host of other applications involving
rough usage, exposure to weather or repeated handling
and folding, youll find it easy to do. Just write for full
details on CHEMIGUM LATEX to Goodyear, Chemical
Division, Dept. A-9457, Akron 16, Ohio.

GOODSYEAR

CHEMICAL DIVISION

Chemigum—T. M. The Goodyear Tire & Rubber Company, Akron, Ohio
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TEXAS INSTRUMENTS SEMICONDUCTOR REPORT

QUALCILRVIAS'S URANCE

TI TRANSISTORS IN EXPLORER IV

Explorer 1V was developed on an extremely tight schedule
and we wish to express our appreciation for the cooper-
ation received from Texas Instruments which enabled
us to carry this project through to a successful conclusion.”

m Jamgs;; Van Alland o
Head, Degartment ysics
ﬁnn. State Liniversity of lowa
AT — L gV
) .

WORLD'S LARGEST SEMICONDUCTOR PLANT

NUMBER
ONE

Added reliability and economy are the dividends to users
of Texas Instruments transistors made possible by SMART
— newest tool of the Semiconductor-Components division
Quality Assurance program. This Sequential Mechanism for
Automatic Recording and Testing evaluates transistors
automatically and economically with consistent accuracy.

Only advanced facilities can produce advanced components.

SMART, designed and built at TI, tests 18 transistor para-
meters and punches the results onto an IBM card coded to
the corresponding transistor. Test results are then avail-
able for individual or collective statistical analysis.

With SMART, one operator can test a far greater number
of transistors than before...automatically. Effective TI
Quality Assurance, advanced by SMART, is another reason
why engineers the world over rely on advanced components
from the nation's leading manufacturer of semiconductor
devices and precision components.

“~TEXAS INSTRUMENTS

INCORPORATED
SEMICONDUCTOR-COMPONENTS DIVISION
¢ POST OFFICE BOX 312 13500 N. CENTRAL EXPRESSWAY
DALLAS, TEXAS
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Q. Why are

Meat Packers
like

Missile Men?

Ao Some of their toughest problems have been solved by advances in chemical research and
production pioneered by Merck. Ultra-Pure Silicon crystals produced by Merck play a major role in
improving performance of rectifiers and other semiconductor devices used in missile systems.
Similarly, Merck research in the food processing field led to Neo-Cebitate®, a new, low-cost
reducing agent that shortens curing time and vastly improves eye appeal of all processed meats.

Neo-Cebitate and Ultra-Pure Silicon are representative of chemical progress by Merck that
actively helps hundreds of leading manufacturers improve the performance of their products,
cut production costs, and explore new fields. For technical information bulletins on Ultra-Pure
Silicon or Neo-Cebitate write to Department SA-1,

MERCK & CO., INC. ¢ Chemical Division * Rahway, New Jersey

©Merck & Co., Inc. ® MERCK & CO., Inc. for sodium isoascorbate.
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Runaway heart...

runaway mind

We already know of the curious phenomenon associated with
high altitude flight which jet pilots call “break-off”’ — that
point in space where reality fades and the mind runs

away to delusions of grandeur.

But what of the body — the heart, for example ; how will

it react to the stresses of space. .. like the absence of
gravity or the overpowering exhilaration of flight, or... just
the unknown ? Might the heart too, like the mind, be overcome
and run away — fibrillate, flutter uselessly and... fail?

Knowledge such as this is essential to space conquest.
Knowledge not only of the mind and heart — but of other
organs as well. Accumulating this vital data in space and
transmitting it back to earth is one of the functions

of Gulton Medical Electronics.

With sensing devices and related electronic equipment
already developed by Gulton, various physiological
parameters can be continuously measured and data
immediately telemetered to earth.

Cardiac status, for example, can be closely gauged thousands
of miles out in space through such checks as blood

pressure, pulse rate, peripheral temperatures, breathing
rate and electrocardiogram.

Gulton is able now to offer existing or develop entirely new
coordinated systems for processing such data — from primary
sensing device through to readout. Write us for informative
Medical Electronics Booklet.

VIBRO-CERAMICS DIVISION
l Gulton Industries, Inc.

Metuchen, New Jersey

In Canada: Titania Electric Corp. of Canada, Ltd., Gananoque, Ont.
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THE COVER

Enlarged 100 diameters in the pho-
tomicrograph on the cover are the
tiny blood vessels in the mesentery
of a rat (see page 54). The large
vessel running from top right to bot-
tom center is an arteriole; the some-
what larger vessel running from top
center to left center is a venule.
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Avro CF-105 Arrow
Canada’s newest
supersonic interceptor

In the Arrow's twin

IROQUOIS turbojets...

7/ TITANIUM/GUTS WEIGHT 57%

in compressor blade

assemblies

STAINLESS STEEL TITANIUM .

Blades ' \ i

) Twin Orenda-built Iroquois jet engines will speed the Avro Arrow
through space at 20 miles per minute. In these advanced design
turbojets, as in the aircraft structure itself, every pound of weight-
saving becomes a vital consideration.

To Orenda designers, titanium’s high strength-to-weight ratio
proved a double bonanza. By using titanium in place of stainless
steel for compressor blading, much lighter titanium disks could also
be used. Result: A total weight saving in the assembly of 57%, (see
diagram). In addition, lighter structural members could be used,
contributing further weight savings and improving performance.

Mallory-Sharon, in cooperation with Atlas Titanium, Ltd., pro-
duced many of the titanium alloys which help make possible the
Iroquois’ superior performance. These same technical and produc-
tion facilities are available to you now . . . to assist you in using
titanium’s outstanding physical and mechanical properties to maxi-
mum advantage. Write us for information or technical assistance.

Iroquois turbojet engine
producing ou

ool T MALLORY @ SHARON

MALLORY-SHARON METALS CORPORATION « NILES, OHIO

E\ bgra{;o’ producer of Titanium e Zirconium ¢ Special Metals

\
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4@» l Industry’s chemicals:

WHAT’S MAKING NEWS?

The big news in industry today can often be reduced to a

chemical formula. Chemistry makes important industrial
news in so many ways that top management men find it
difficult to keep up with developments. Yet they must keep
up because advances in chemistry may have vital mean-
ing for them. These messages are designed to let you
know, quickly and easily, what’s happening in chemistry.

You may wish to check certain
items in this advertisement and
forward to those concerned in your
company.

ROUTE TO:

“Octopus” Chemical
Clears Troubled Waters

A boon to the mining industry since its introduction,

Separan® now separates good from bad in chemical

processing, waste disposal, the pulp and paper industry
and many other fields

When Separan went into commercial
production in 1954, Dow research men
knew they had an unusual chemical.
They were startled, however, by the
impressive success of Separan in the
mining field. This success was a tribute
to the ingenuity of many mining engi-
neers (who discovered where to use
Separan) as well as to the exhaustive

efforts of Dow’s technical service team
(who knew how to use it).

With  surprising speed Separan
moved into other industries, and, un-
like the solids it processes, hasn’t set-
tled yet!

What flocculation does. Separan is a
flocculating agent, a mouthful word to
describe its basic function of gathering

Demonstration of remarkable flocculating speed of Separan.

(1) A few drops of Separan added to dirty waste water. (2) Graduate mixed

gently. (3) In a moment, solids have settled. Compare with untreated waste
water in other graduate.

© 1958 SCIENTIFIC AMERICAN, INC

solids that are dispersed in solution
into small masses, or flocs, causing
them to settle rapidly to the bottom
for either recovery or disposal. Stated
simply, Separan separates what is
wanted from what is not.

How does Separan work? It has a
long, spiral-shaped molecule with
octopus-like tentacles that grasp dis-
persed particles so that increased
weight causes them to settle rapidly to
the bottom. In a single pound of
Separan there are millions of such
tentacles, all itching to carry away the
sludge in industrial processing fluids—
or to gather up the pay load.

DOWTHERM

Dowtherm®A, the modern heat-transfer
medium, was utilized by Canada’s Imperial
Oil, Ltd., in a process heating system for new
lube oil refinery. High temperature stability,
lower skin temperatures and ease of oper-
ation influenced choice.



Many important industrial uses. Paper
manufacturers use it to clarify the
lake-size quantities of water they use
in processing. Separan also separates
solids from liquids in the clarification
of coal-washery water and settles mud
in the manufacture of alum. Industrial
plant men long concerned with stream
pollution problems are raving about
the way Separan helps clear effluent
waters. With Separan, industrial wastes
can be economically removed from
process water before it’s returned to
the stream, often saving valuable ma-
terials which would otherwise have
been lost.

Dow “family of flocculants”. At this
time, there are two Separan products
designated Separan NP10 and Separan
NP20. Dow promises there will be
more in the near future. Needs of
various industries for specialized floc-
culants are spurring development of a
complete line, designed to fit many
industrial requirements.

Synthetic Gum:

@ New ally for food manufacturers
If mother was really as talented in

the kitchen as legend insists, she did

it pretty much on her own. Today’s

young wife has countless allies in the

food industry and one of the stand-bys

is Methocel®, as contained in prepared
foods.

Used as a thickener, emulsifier, stabi-
lizer and moisture retainer, it is color-
less, odorless and tasteless. One com-
mon use is in canned fruit pie fillings
where it provides consistent fluidity,

Filling makes the pie—and Methocel keeps
the filling firm and consistent, hot or cold.

hot or cold. Its non-ionic quality means
it is not affected by the natural acidity
of fruit. Food men find Methocel in-
valuable in endless convenience items.
As a redispersing agent in dehydrated
fruits and vegetables, it provides a

Magnesium

DOW CHEMICALS basic to industry

Glycols, Glycol Ethers ® Amines and Alkylene Oxides ® Benzene Derivatives
Inorganic Chlorides ® Alkylenes and Halogens ® Solvents ® Germicides
Fungicides ® Herbicides ® Fumigants ® Hundreds of other Chemicals ® Plastics

THE DOW CHEMICAL COMPANY, Midland, Michigan

NEW AND

DOWANOL

Combining the solvent properties of glycols,
alcohols and ketones, Dowanol® products
offer the widest range of organic solubility
available in any modern solvents. Paint,
brake fluid, ink, other interested manufac-
turers should have new 52-page booklet.

rehydrated product that smacks of
original goodness. Methocel is good
news for the food business—and has
applications in an almost endless list
of other fields . . . drugs, cosmetics,
paint, leather and paper, to name
a few.

Chelating Agents:

@ Poison antidote of the future?

Exciting possibilities in the medical
field are beginning to emerge from re-
search on chelating agents. Heretofore
known as industrial chemicals, these
ingenious compounds grasp metallic
ions suspended in liquid in a claw-like
hold, rendering them harmless.

Though still in the investigative
stage, possible medical use of these
metal-grabbing chemicals provides
fascinating food for thought. Chelation,
for example, could be used to counter
calcium deposits on bones or to rid
the body of poisonous lead accumula-
tions. And it may offer virtually the
only hope of an antidote for plutonium
poisoning.

Effective medical use of the chelates
is for the future, but industry is using
them today in a hundred different
ways. Whenever a manufacturing proc-
ess is affected by impurities in water
—and the instances are endless—the
chelates come into their own. In mak-
ing rubber, dyeing textiles, in cleaning
scale from boilers and heat exchangers,
the chelates do an important job
cheaply and effectively. Dow chelating
agents are sold as Versene®, Versenol®
and Versenex*. They’re worth investi-
gating.

* Kk K %
For further information about these and
hundreds of other profit-building chemi-
cals, contact THE DOW CHEMICAL COMPANY,
Midland, Michigan, Chemicals Sales De-
partment 603EQI.

*TRADEMARK OF THE DOW CHEMICAL COMPANY

NEWS WORTHY

SODA ASH

in the processing industries, this versatile
product is almost indispensable. Makers of
glass, soap, paper, textiles and many
different chemicals get quick delivery from
Dow's plants in the South and Southwest.
Request 44-page booklet on letterhead.

© 1958 SCIENTIFIC AMERICAN, INC

TRICHLOROETHYLENE

The vitally important missile industry is
making widespread use of a new high-
purity trichloroethylene developed by Dow
especially for use in cleaning missile hard-
ware. Minimum residue on the cleaned parts
reduces the danger of misfiring.



NEW MODEL 122A

Here at last is a 200 KC oscilloscope—priced at just
$625—giving you ‘“big-scope” versatility and the
time-saving convenience of simultaneous two-phe-
nomena presentation.

Engineered to speed industrial, mechanical, medical
and geophysical measurements in the 200 KC range,
the new @ 122A has two identical vertical ampli-
fiers and a vertical function selector.

The amplifiers may be operated independently, dif-
ferentially on all ranges, alternately on successive
sweeps, or chopped at a 40 KC rate.

Other significant features include universal opti-
mum automatic triggering, high maximum sensi-
tivity of 10 mv/cm, 15 calibrated sweeps with ver-
nier, sweep accuracy of ==5% and a “times-5" ex-
pansion giving maximum speed of 1 usec/cm on the
5 psec/cm range. Trace normally runs free, syncing
automatically on 0.5 cm vertical deflection, but a
knob adjustment eliminates free-run and sets trig-
ger level as desired between —10 and 10 volts.
Rack or cabinet mount; rack mount model only 7"
high.

For complete details, write or call your @ repre-
sentative, or write direct.

HEWLETT-PACKARD COMPANY
5140A PAGE MILL ROAD * PALO ALTO, CALIFORNIA, U.S.A.
CABLE “'HEWPACK' » DAVENPORT 5-4451
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS

BRIEF SPECIFICATIONS ¢ 122A

Sweep: 15 calibrated sweeps, 1-2-5 sequence, 5 #sec/
em to 0.2 sec/cm, accuracy £5%. 'Times-5'" expand-
er, all ranges. Vernier extends 0.2 sec/cm range to
0.5 sec/cm.

Trigger selector: Internal 4 or —, external or line.
Triggers automatically on 0.5 em internal or 2.5 v
peak external. Displays base line in absence of signal.
Trigger level selection —10 to + 10 v available when
automatic trigger defeated.

Vertical Amplifiers: Identical A and B amplifiers, 4
calibrated sensitivities of 10 mv/cm, 100 mv/cm, 1
v/em and 10 v/ecm; *£59% accuracy. Vernier 10 to 1.
Balanced (differential) input available on all input
ranges. With dual trace, balanced input on 10 mv/cm
range. Input impedance 1 megohm with less than 60
puf shunt. Bandwidth DC to 200 KC or 2 cps to 200 KC
when AC coupled. Internal amplitude calibrator pro-
vided.

Function Selector: A only, B only, B-A, Alternate and
Chopped (at approx. 40 KC).

Horizontal Amplifier: 3 calibrated sensitivities, 0.1
vfem, 1 v/em, 10 v/cm. Accuracy +5%. Vernier
10 to 1.

Bandwidth DC to 200 KC or 2 cps to 200 KC, AC
coupled.

General: 5AQP1 CRT, intensity modulation terminals
at rear, power input approximately 150 watts, all DC
power supplies regulated.

Price: (Cabinet or rack mount) $625.00.:

Data subject to -change without notice. Prices f.o.b. factory.

now offers 8 different precision scopes
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Progress Report on

TWO NEW METHODS OF
TUBULAR COMPONENTS PRODUCTION

Special metal-working techniques are
being used by the Tapco Group to pro-
duce tubular members with distinct
advantages for hundreds of aircraft,
missile, and industrial applications.
Two of these techniques, Metal
Gathering and Flotrusion} offer
important solutions to designers and
engineers with the problem of tubular
parts production.

METAL GATHERING

Using the Metal Gathering process, a
portion of a metal tube is heated in a
resistance unit, then “gathered” into a
forged lump or mass at either or both
ends of the tube. The heated end-mass
can then be immediately extruded or
forged to any desired rough configura-
tion. After gathering or forging, any
machining operation needed to finish
the end is readily done right in the
shops of the Tapco Group. Examples
of tubing end-features produced by
this process are illustrated in Figure 1.

Metal Gathering by the Tapco meth-
od offers several advantages: one-piece
parts free from welds, brazing, or
mechanical assembly; minimum
machining for end features; no
machining of tube interior to reduce
wall thickness; better grain flow for

greater strength and fatigue resist-

*Reg. Trademark — Used under License from Flotrusion, Inc.

h ) s - LY, o3

Figure 1 —Typical end-features that are readily
produced in tubing by the Tapco Group using the
versatile, cost-saving Metal Gathering process.

Figure 2—Flotrusion produces any desired variation in metal tubing, including those illustrated here.

ance; uniform heat-treatment because
the whole part is formed from tub-
ing; heavy sections are integral with
tubing; no excess metal required,
hence material cost is less; a rapid
process for reproduction once tooling
is established.

The Tapco Metal Gathering process
is readily applied to any metal, includ-
ing steel, stainless steel, aluminum,
titanium, and zirconium.

Designs are almost unlimited in
size, complexity, and features. A broad
range of tubing lengths, diameters,
and wall thicknesses can be handled
by the Metal Gathering process. Close
tolerances can be supplied; grinding,
polishing, or honing can be vastly
reduced, and in some cases eliminated.
One-piece parts replace multi-part
assemblies. The process can also be
used at various points along the length
of the tubing.

FLOTRUSION

The Tapco Flotrusion process per-
mits cold-grawing of tubing into vari-
ous internal and external thicknesses,
configurations, sizes, and shapes,
shown in Figure 2. The process was
develoFed to permit high-production
rates of parts normally employing high-
cost machining or polishing. Flotru-
sion can also be combined with the
Tapco Metal Gathering process to pro-
duce an almost limitless variety of
end-features, wall-thickness variations,
and other features in tubing.

Tapco Flotrusion offers these
advantages:

Heavy wall sections can be devel-
oped at one or both ends of cylindrical

forms to provide for bearings, threads,
or weldments,

Uniform wall thickness can be pro-
vided with smaller or larger diameters
on the tube,

Surface finishes of excellent qual-
ity are standard, without expensive
machining or polishing,

Burring and honing are not required,

Grain structure is improved, and
additional heat-treatment can often be
eliminated since cold-working im-
proves tensile strength,

Tubing that has been heat-treated
before Flotrusion gains added strength
by cold-working,

Non-heat-treatable metals also gain
strength by the cold-work effect of
Flotrusion,

No excess material is required . . .
Flotrusion requires only the exact vol-
ume of material that the finished part
requires. Material cost is kept down.

All forgeable metals can be pro-
cessed by Flotrusion . . . alloy and
stainless steels, aluminum, titanium,
zirconium, and others.

Tube diameters from 0.060” to 10”
can be worked on present Flotrusion
equipment at Tapco’s completely-
equipped plant. Lengths to 15 feet
have been processed, but longer
lengths and larger diameters are within
the range of Tapco capabilities
and facilities.

The configurations shown will give
you ideas of how you can reduce the
cost of tubular components by Metal
Gathering or Flotrusion or a combina-
tion of the two. A 16-page design and
data book on both processes will be
sent to you on request.

Thompson Ramo Wooldridge Inc.

TAPCO GROUP

DEPT. S-159 ¢« CLEVELAND 17, OHIO
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NEW IDEAS IN
PACKAGED POWER

for lab, production test,

test maintenance, or as a
component or subsystem .
in your own products

3 new Sorensen transistorized
d-c supplies can solve your lab,
production and design problems

In the Sorensen Q" Series, you can
select from the most complete line of
fully transistorized, highly regulated
low-voltage d-c supplies on the market:
QR-Nobatrons, (shown above, left) with
output continuously adjustable down to
zero volts, are ideal for labs or wherever
maximum flexibility is required. Two
models, QR36-4A and QR75-2, put out
respectively 0-36V at up to 4 amps and
0-75V at 2 amps. Regulation of QR36-
4A is +0.025%, or 4 MV for combined
line and load variations. Input: 115vac
50-400 cps available for either bench
or rack-panel (515" x 19") use.

Q-Nobatrons®, with 2:1 adjustable out-
put, can render outstanding service in
semi-permanent lab set-ups, in produc-
tion test, or integrated into your own
product. Available in 15 models up to

200 watts capacity with 6, 12 or 28
volts out. Specs and packaging are simi-
lar to QR models above. Models for
+0.259% or +0.059% regulation are
available. Lower wattages are available
two to a single rack panel (31," or
514" x19").

QM-Series, solder-into-the-circuit sup-
plies (shown above, right) mount like a
potted transformer or choke and come
in 36 variations: nine voltages from 3.0
to 36vdc, regulated +0.05%; and four
wattages, 2, 4, 8 and 15. Input 50/60
and 400 cps at 115vac. (Incidentally,
Sorensen also offers similarly packaged
DC-to-DC and DC-to-AC converters.)
Ask us, or your nearest Sorensen rep-
resentative, for the complete story on
these precision transistorized regulated

d-c supplies. 8.42

SORENSEN & COMPANY, INC.

Richards Avenue, South Norwalk, Connecticut

SM

WIDEST LINE OF CONTROLLED-POWER
EQUIPMENT FOR RESEARCH AND INDUSTRY

IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA.
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City.
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LETTERS

The article by T. P. Bank on the
Aleuts [SciENTIFIC AMERICAN, Novem-
ber, 1958] was most interesting, and
brought some coherence to a little known
and little understood region and people.
I'd like to know more.

Bank said that “it was not uncommon
for Aleut hunters to rove the turbulent
seas for hundreds of miles, paddling for
days on end, resting seated erect in their
skin boats when tired and lashing their
small craft together to ride out storms.
Russian explorers reported that Aleut
hunters at sea ‘blazed a trail’ with
whitened sea-lion bladders, weighted
with long ropes and stone sea anchors,
which they set afloat at intervals to mark
the route home through the fog.”

This was most amazing to me. The
Aleutian Islands are noted for strong
currents, strong riptides, dense summer
fogs and truly ferocious winter gales.
Any attempt to weather these elements
today is foolish, and must have been
more so with primitive boats. I know—
in 1931 I boated in the eastern Aleutians
with a rowboat, small power-dory, hali-
but-fishing boat, and a magnificent 30-
foot motor-sailing pilot-boat, the Pica-
roon of Seward.

Might not the Russian stories of off-
shore Aleuts refer to interisland travel
rather than to offshore hunting and fish-
ing activities? The fish and game were
close to shore! And did not the Aleuts

Scientific American, January, 1959; Vol. 200,
No. 1. Published monthly by Scientific American,
Inc., 415 Madison Avenue, New York 17, N. Y.;
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PHILCO IS PEOPLE

From advanced research and development to mass production, installation and servicing of
countless electronic products and systems, Philco is people. Here is a closely integrated
organization of scientists, engineers, installation and service specialists, ready to meet any
challenge for creation of military, industrial and consumer electronics systems.

PHILCO IS FACILITIES

To assist this outstanding organization of skilled and dedicated people, Philco has
amassed millions of dollars worth of intricate equipment in plants and laboratories
from coast to coast. Philco facilities include: the world’s most advanced research labs;
environmental test facilities; specially equipped design and engineering labs, plus
prototype and model shops; and the most advanced mass production facilities.

PHILCO IS CAPACITY

At Philco the world of tomorrow is NOW! Here are human resources, plus
ultra-modern facilities, plus tremendous accumulated experience in research and P H I L C O
development. Here too, are unlimited career opportunities in the fields of A
missiles and guidance, weapons systems, All-Transistor computers, infra-red,

advanced radar techniques and communications systems. At Philco, versatility GOVERNMENT & INDUSTRIAL DIVISION
is the key to tremendous capacity in advanced technology. Make Philco your 4700 Wissahickon Avenue
prime source for prime contracts from development to delivery. Philadelphia 44, Pennsylvania
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@ Company

SPENCER

AO Spencer Picture-in-a-minute
Photomicrography

When you use the AO Spencer Photomicrographic Camera equipped with the
Polaroid® Land Camera back, permanent photographs are ready for your files in
just 60 seconds. A coupled visual and photographic system lets you shoot what
you see . .. quickly and effortlessly. And with the Polaroid back possible errors in
exposure, illumination or focus can be corrected immediately.

In addition to the Polaroid Land camera back, you have a choice of 4 other readily
interchangeable camera backs; 4" x 5" fixed back; 4" x 5" Graflok back; 35mm back
and Bantam back (roll film). You choose the camera back and film best suited to
your specific requirements.

Here, the No. 682G Camera is being used with the AO Spencer Series 4 Microstar
...an ideal combination. The built-in base illuminator provides convenient
Koehler-type illumination. You select specimen area and do all preliminary
focusing through binocular portion of trinocular body . . . focus critically with the
telescopic eyepiece.

The sturdy vertical pillar, the easily adjustable camera support, the camera back
and the Microstar all combine to provide a compact unit. Perfect alignment and
rigidity is assured . . . successful photomicrography becomes a “snap”.

Try it and see for yourself. Your AO Representative will be happy to arrange a
demonstration for you.

Dept. M178

graphic Cameras.

American Optical

the new Microstar line.

Name

O Please send me Brochure SB682 describing
the entire line of AO Spencer Photomicro-

O Please send me Brochure SB124 describing

Address

INSTRUMENT DIVISION, BUFFALO 15, NEW YORK
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probably lash their boats together to ride
out a sudden storm, rather than for off-
shore travel?

Would not a floating buoy drift far in
a short time in these waters, and thus be
way off course and useless, if ever found?
Could it be seen in dense fogs? Anchored
floats are hard to keep anchored, and
even harder to see when the waves and
currents pull them low in the water, and
even under. . ..

Bank’s remarks about Ales Hrdlicka,
his failure to keep accurate field notes of
excavated skeletons, and his mistaken
idea of replacement of dolichocephaly
by brachycephaly, must have brought
back nostalgic memories to many people
who knew that dominating, opinionated,
stumpy, grumpy man. “Hardlikker,” as
he was irreverently known to many, was
about as far from scientific as it was pos-
sible to get at times, but the conserva-
tive stands he took for reasons other than
objective caution often held some wild-
eyed boys in check.

“Aleesh” was a personality, and must
be understood to be interpreted. Science
as well as life is made up of personalities.
He smothered his many critics and de-
tractors in a deluge of printed matter
from his stronghold in the Smithsonian
Institution. No one had time to call a
halt before he was down the road making
new announcements, and putting his
pursuers farther and farther behind.

Raymonp M. GILMORE

| La Jolla, Calif.

Sirs:

As Dr. Gilmore correctly observes,
boating in the Aleutians is often rather
hazardous. Nonetheless my own experi-
ence in the Islands convinced me that
the old-style Aleut bidarkas were safer
than their modern counterparts—wooden
dories and skiffs. Early explorers ap-
parently agreed, for G. H. Langsdorff
(1814) writes: “In my opinion, these
baidarkas are the best means yet dis-
covered by mankind to go from place to
place, either upon the deepest or the
shallowest water, in the quickest, easiest
manner possible.” The historian M.
Sauer (1802), Steller (who was with
Vitus Bering) and Captain James Cook
also pay glowing tribute to their sea-
worthiness.

It is quite true that the Aleuts could
usually catch all the food they needed
close to shore, especially in summer. But
in winter, according to reliable observers
like Father I. Veniamenof, they fre-
quently hunted sea mammals 20 or 30
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How to keep track of
6,000,000 airplane seats

“I"d like,” you say at the airline ticket
counter in Chicago. “two seats on your
10 A.M. flight from New York to Los
Angeles —next Tuesday.”

The agent takes a metal plate, inserts it
in a small device that looks like an add-
ing machine, presses a few buttons.

Seconds later, he nods. “The seats are
available, sir.” And when you take them,
the sale automatically is recorded on an
up-to-the-second inventory of every seat
on every flight the airline has over a
31-day period.

That’'s how Teleregister Corporation’s
“Magnetronic Reservisor” saves time,
reduces staff and cross-communications,
insures against seats being sold twice.

In each of these complex installations.
over a thousand Automatic Electric
Switches and Relays play their parts.

In fact, wherever the wonders of automa-
tion are saving time and money, insuring
precision, and safeguarding product qual-
ity, the switches and relays of Automatic
Electric are likely to be found.

And if our products are especially
favored by designers, engineers and pro-
duction men, there’s good reason. For
Automatic Electric’s half-century-plus of
inventive pioneeringis nowbacked by one
of the finest, most modern plants in the
land.

Among our thousands of types and vari-
ations of switches and relays, you may
find a solution to one of your problems.

© 1958 SCIENTIFIC AMERICAN, INC

AE ROTARY STEPPING SWITCHES
find many uses in Teleregister’s
Magnetronic reservation systems.
For more details about these versatile
switches for all types
of control devices,
write for Circular S-1698.

AUTOMATIC
& ELECTRIC

Northlake, Illinois
Subsidiary of GENERAL TELEPHONE



Progress report from Westinghouse Semiconductors

A
GIANT
STEP

Bibibigji2

AHEAD
IN

POWER
TRANSISTORS

More often than not, the transistor has been
represented as a kind of electronic prodigy,
capable of all things. The engineer knows
better. For years he has been facing up to
the limitations of transistors, wondering
when and how they might be overcome.

The transistor pictured full-size above
represents a giant step in that direction. It’s
a Westinghouse Silicon Power Transistor,
the result of our research efforts to extend
the limits of transistor capabilities. Now
Westinghouse offers a new series of silicon
power transistors which can operate effi-
ciently in the power range of one and a half
kilowatts.

This advance, which everyone in the elec-
tronics field will recognize as considerable,
stemmed first of all from vast improvements
in the purification of silicon and after that,
from the successful adaptation of hyper-pure
silicon to transistors. The quest for greater
power capacity focused on silicon, because
it seemed to hold within it the greatest un-
tapped potential. Silicon will operate at
higher ambient temperatures than germa-
nium (150°C and higher, compared to 85° C).
It also generally has a higher power handling
capacity. But substantial internal losses have
characterized silicon devices up till now, and
have proved limiting factors in their appli-
cations.

Now, the over-riding problem of high
internal dissipation has been solved in the
Westinghouse Silicon Power Transistor. The
electronics engineer can design circuits to

LOW SATURATION RESISTANCE
is depicted in this graph showing
values for a typical Westinghouse
Silicon Power Transistor driven to
S amperes. The resistance is a frac-
tion of that observed in other silicon
devices.

include silicon transistors with saturation
resistance of less than half an ohm. Westing-
house has these transistors ready for imme-
diate testing and evaluation. There are two
series, one rated at 2 amperes, the other at 5.

wX1015 WX1016
current rating 2 amperes 5 amperes
Vceo 30-300V 30-300V
Vce (VEg=0) 30-300V 30-300V
Rg 0.50ohms 0.4 ohms
Typical Typical

Thermal resistance—Junction to case, 0.7°C/watt
typical. Current ratings based on the current at which
current gain is equal to or greater than 10. It is possible
to switch higher collector currems with some sacrifice
in gain.

These new power transistors are ideally
suited for a great many circuits. They will
find use in inverters and converters to con-
trol frequencies for data processing, servo
output and other information devices. They
will serve in low frequency DC switches,
where efficiencies of 99.5%; may be realized
handling 1 kw. They operate effectively with
low power supply voltages, an application
once barred to silicon transistors by high
internal resistance. They will also find a
number of uses in class A amplifiers.

Those interested in obtaining these new
transistors for testing and evaluation are
invited to get in touch with our representa-
tive. You can reach him at the nearest
Westinghouse District Office, or write to
Semiconductor Department, Westinghouse
Electric Corporation, Youngwood, Pa.
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miles out from shore. Long vovages be-
came fairly commonplace in historical
times, when the Russians sent brigades
of Aleut hunters in their skin boats as far
south as California and to the Kuriles.
According to the Russian Tolstykh
(translated by Waldemar Jochelson)
and to E. L. Blaschke (1845), the Aleuts
could paddle for 12 hours at a time.

Regarding the lashing of bidarkas to-
gether, it is true that this was primarily
to ride out storms rather than an every-
day practice. The use of bladder floats
as markers at sea was noted by Captain
Cook, Father Veniamenof and others. As
I understand the manner in which they
were used, it would make no difference
if the floats drifted with the tides and
currents. The Aleuts needed only a
rough indication of the direction back to
shore. If the markers drifted out to sea
or parallel to the shore, they neverthe-
less would remain lined up with one an-
other roughly as they had been placed
in the water, and this was enough to
guide the native voyagers.

Hrdlicka, although he may have been
rough on some of his scientific col-
leagues, is still spoken of with awe bor-
dering on reverence by many of the
Aleuts. Despite his other faults he was a
persistent and indefatigable collector in
the field, and the picture of him stand-
ing in an Aleutian downpour—white cel-
luloid collar and all—directing his assist-
ants in their search for skeletons, made
a lasting impression on the natives. They
laughed at his name, which they couldn’t
pronounce, but they remembered it!

T. P. Baxnx
Ann Arbor, Mich.

ERRATA

In the chart on page 88 of the
article “The Control of Sex”
[ScienTIiFiIC AMERICAN, Novem-
ber, 1958], two of the cells were
incorrectly labeled. The cell sec- |
ond from the left at the bottom
of the chart should be labeled
“male,” and the cell third from
the left should be labeled “fe-
male.”

In the top caption on page 69
of the article “The Contraction of
Muscle,” appearing in the same
issue, the word “fiber” should be |
“fibril.” The words “fibers” and |
“fiber” in the caption on page 72 |
of the same article should be
“fibrils” and “fibril.”
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GM I deas for tomorrow-minded industrial men

ahead of competition. You could
find the key to creating an entirely
new product. If you recognize &
possibility, write for more facts.

Take a look at these proved ideas,
backed by research and tech-
nical service. You could find the
clue to your product’s next jump

INDUSTRIAL GROUP

Special Commodities Division

Oilseeds Division ¢

Chemical Division ¢ Mechanical Division ¢

A g

Dlsh - . —

GMiLdea/No. 631 for processors using vegetable ails

oOut of the Past...

Safflower Oil
Opens New Doors in
Coatings and Foods :

Ancient Egypt knew about safflower
arch is revealing its

oil but modern rese
inherent versatility. Oil from the thistle
herb is more than 90% unsaturated
fatty acids, raw materials with a big
potential in many fields. In protective
coatings, the non-yellowing, highly
stable oil refines and bleaches almost
water white. It forms a remarkably
flexible film and is high in iodine value
which speeds drying. 1n foods, safflower
oil emulsifies readily f i

naise and shortenings. It remains liqui
at low temperature t0 give more sales
appeal to salad and cooking oils. Saf-

flower Oils are also being used exten-
sively in popular, new health foods.
General Mills research hints at unique
cosmetic applications and other excit-
ing uses. Will your company be among
the first to benefit from this new

development?

Get all the facts immediately, write GMIdea man andiil
Walter Flumerfelt, Minneapolis 26, Minnesota. m“s
OILSEEDS DIVISION
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GMldea / No. 632 for makers of textile conditioners

Fatty Nitrogen™ Chemicals
Make Fabrics Cleaner, Softer

Mother rests comfortably between soft, smooth sheets.
Her baby is content—in a fluffy sanitized diaper that is
kind to tender skin. As a chemical ingredient in textile
conditioners, certain fatty nitrogenc soften fibers, kill
germs and make cloth manageable. Used in the final rinse
in commercial or home laundries, they improve fabric
body and feel, speed drying and impart lubricity to make
ironing the easiest ever. Manufacturers, too, can pre-
condition their fabrics with these softeners. Other indus-
trial uses for fatty nitrogen chemicals include: PETRO-
LEUM —as fuel additives and anti-corrosion agents in
petroleum production; MINING—for selectively absorb-
ing flotation reagents; CHEMICAL PROCESS—as re-
active intermediates. All the facts about fatty nitrogen
chemicals will be given at seminars in New York, Chicago,
Philadelphia and Los Angeles in J anuary.

For immediate information about our complete line of fatty
nitrogens, write GMIdea man D. E. Terry, Kankakee, Illinois
CHEMICAL DIVISION

*Fatty primary and secondary amines, fatty quaternary ammonium compounds
and fatty diamines.

GMldea / No. 633 for those interested in protein enrichment

|

Every Loaf Enriched with Pro 80 Protein is
Softer, Finer Textured...4° More Profitable

For only a.penny’s worth of Pro 80 Vital
Gluten, bakers can raise the protein level of a
1-Ib. loaf of bread 20%. And they can sell the
more nutritious product at a 3 to 5¢ premium
—to get a big slice of the growing market for
protein rich foods. But that’s not all. As a
hydration agent, Pro 80 (809 pure wheat pro-

tein on the moisture-free basis) extends the
shelf life of breads. As a continuous dough
forming agent, it improves texture, grain, yield,
crumb and softness whenever flour or formula
do not provide adequate protein. Yet Pro 80
adds no taste, odor or color of its own and it
is as easy to handle as flour.

For more information about Pro 80 in breads, macaroni products, cereals, baby
foods, pet foods, write GMIdea man Walter Carlson, Minneapolis 26, Minnesota.

SPECIAL COMMODITIES DIVISION




GMldea/No. 634 for the military and defense industries
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New “Eye and Ear Specialist” Checks
Aircraft Radar Systems 99% Faster

Today, an aircraft’s radar system can be com-
pletely and comprehensively checked by only
two men in less than 15 minutes — without
any kind of physical connection with the plane.
This is made possible by the portable Radar
System Tester AN/GPM-25, designed and pro-
duced by our Mechanical Division. The precise
yet easily operated electronic unit also simu-

For more information about this new method of field testing aircraft radar, write GMIdea man Lloyd Pearson,

1620 Central Ave., Minneapolis 13, Minnesota. MECHANICAL DIVISION

lates bombing and navigational problems, pro-
viding a fast, thorough means of checking these
systems, too. In the air, on the land, under the
sea, you’ll find scores of other ideas—researched,
engineered and manufactured by our Mechan-
ical Division—working to keep America on
top in this technological age.

(i

Chemical Division ¢« Mechanical Division s Oilseeds Division s Special Commodities Division
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AY
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Avco: Men and Machines for Defense. No amount of lost motion can be endured in
America’s space-age defense programs. Progress must be swift and continuous. Avco, alert to its

needs, helps to maintain America’s strength: Avco Research Laboratory—investigating problems

in gas dynamics and space technology; Crosley—weapons systems, radar, communications, air-
craft and missile structures; Lycoming—aircraft, marine, industrial power plants; missile sub-

systems; Research and Advanced Development Division—basic and applied research in elec-

UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEER

tronics, physical sciences, and advanced engineering.

Avco

AVCO MAKES THINGS BETTER FOR AMERICA / AVCO MANUFACTURING CORPORATION / 750 THIRD AVENUE, NEW YORK, N. Y.

18
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THE MAN
FROM
JACK &
HEINTZ
INVITES

wres  Read about SECSYN

... Stationaryv-Exciter-Coil SYNchronous
machines that run longer, faster, hotter and
with less maintenance than any comparable-
purpose machines now being used for
ground support, missiles or aircraft.

This bulletin acquaints you with the
design details of these unique machines
whose unusual magnetic structure . . . proved
in use . . . eliminates brushes, rotating
windings, rotating rectifiers and other
elements that impose limitations on con-
ventional machines.

The sEcsYN design can be used as a-c
generator, d-c generator, synchronous
motor, constant-speed motor, or as a
synchro. In all applications, the design
offers improvements in size, weight, operat-
ing speeds, operating temperatures, service
life and maintenance.

SECSYN can be the answer to your most
pressing design problem. Send today for
this bulletin . . . the Man from Jack &
Heintz is available to answer any questions
concerning your specific application.

JACK & HEIN’I‘Z, Inc.

- AITRCRAFT SYSTEMS AND EQUIPMENT
ii& e ——

Jack & Heintz, Inc., 17639 Broadway, Cleveland 1, Ohio

Please send me your bulletin on the secsyN Brushless Machines.

NAME AND TITLE

COMPANY __

ADDRESS

CITY AND STATE

© 1958 SCIENTIFIC AMERICAN, INC
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NEW TOOLS

for Science and Industry

(LU TLRE T A W

for Science. ..

O Y Ay e

The first 10-Mev Tandem Van de Graaff makes possible the
exploration of binding energies in heavy elements, for basic atomic-
reactor design. Now accurate data will be available to nuclear physi-

cists, in the energy range above 9 Mev.

for Industry. ..

The first full-scale
commercial application of
electron-beam processing is
providing an improved
product and new operating
efficiency.

Ethicon, Inc. sterilizes
surgical sutures with ioniz-
ing electrons from their
HiGH VOLTAGE 7-Mev mi-
crowave linear accelerator.

More "Firsts”’

in high-powered particle accelerators are in

advanced design stages at HIGH VOLTAGE ENGINEERING to meet the
increasing demand for ELECTRONIZED® products. Nearly 200
accelerators designed and built by HIGH VOLTAGE are now in service,
and a radiation facility is available for your use at our plant. Bring
your product or problem to our technical sales department.

CORPORATION —

H:Pr HIGH VOLTAGE ENGINEERING

— BURLINGTON

MASSACHUSETTS

© 1958 SCIENTIFIC AMERICAN, INC

20 AND 100
YEARS AGO

JANUARY, 1909: “On the last day

| of 1908 Wilbur Wright made a continu-

ous flight at Auvours, France, of 76.5
miles in 2 hours 9 minutes 33 seconds,
at a speed of 35.5 miles per hour. By this
flight, which was made over a closed
circuit, he broke all previous records,
and thus won the Michelin prize of
$4,000 cash and a $2,500 trophy. The
French company that is selling Wright
machines already has orders for 33 in
hand. We are inclined to think that any
advantages that the Voisin aeroplanes,
flown by Farman and Delagrange, may
have in the matter of inherent longi-
tudinal stability are fully compensated
by the greater lateral control secured in
the Wright machine. Indeed, the Wrights
frequently perform sensational evolu-

| tions, turning with their machines canted

30 degrees on a radius of perhaps not
more than 60 or 70 yards. SCIENTIFIC
AMERICAN believes that the machine of
the future will be of the Wright type.”

“The stupendous earthquake disaster
in southern Italy and Sicily is probably,
in respect of the lives and property de-
stroyed, the greatest tragedy of its kind
that has happened in the history of the
world. At the present writing, it seems
to be pretty certain that from 150,000 to
200,000 lives have been lost. The enor-
mous loss of life is due to the circum-
stances; first, that the earthquake oc-
curred in the early morning, when most
of the population was within doors; sec-
ond, that the earthquake was accompa-
nied by a huge tidal wave which swept
over the ruins of Messina and rolled for
many miles inland; third, that the crip-
pled and entombed survivors of this dou-
ble disaster were caught, immediately
afterwards, in a series of conflagrations.”

“Sir James Dewar having succeeded,
by the use of the radiometer, in detect-
ing a gas pressure of a 50-millionth of an
atmosphere, and having definitely de-
tected by this means the helium pro-
duced in a few hours from about 100
milligrammes of radium bromide, has
undertaken the direct measurement of



BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT

How to save 77 years

The boy Galileo sat in the sanctuary of
Pisa’s great cathedral, observing the movement
of a lamp which had been set swinging by a
sudden gusty draft. The chain by which it was
suspended from the high ceiling was of such a
length that the arcs decreased but slowly. Strange
thing, though. No matter how far the pendulum
swung, its movement consumed the same time.
Galileo made a note of that. The year was 1581.

The old man sat at his writing desk, sixty
years and a thousand disputes later, writing down
a new theory. The regularity of a swinging pen-
dulum might be combined with a spring
mechanism to improve the unreliable clocks of
that day. So Galileo scribbled on, and did nothing
more about it. A number of years after his death
Huygens took the notes and invented the pen-
dulum clock. Seventy-seven years had elapsed since the
boy made the observation upon which it was based!

The creative thinker today still need not
have a specific use in mind when, by equation or
formula, he branches off from the accepted to the
hitherto unknown. The classic invention of this
decade, the transistor, evolved in the Bell Tele-
phone Laboratories as scientists sought a deeper
understanding of semiconductors. On the other
hand, another great invention, the feedback am-
plifier, came from the acutely creative mind of
one Bell engineer faced with a specific problem.

Current Bell Laboratories activities—in such
areas as data transmission, radar and submarine
cable development—call for the coordinated
efforts of all types of thinkers and all types of
approaches. One type complements another.

Today, seventy-seven years would not have
elapsed between the swinging lamp and the
swinging clock pendulum—certainly not at Bell
Labs, where ideas, though not rushed, are care-
fully advanced toward fruitful application in
national defense, industry and communications.
An important part of this harvest is the efficiency
of America’s telephone service, unequalled any-
where else in the world.

© 1958 SCIENTIFIC AMERICAN, INC
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If you're dedicated to the cause of high resolution, you could wind
your own pots and be sure. Allow yourself plenty of time, though —_
because the secret’s in the number of turns per inch, and the spacing
between ‘em. Pack those turns right in there closely and accurately.
and you might have a pot you'll be proud of |

But if you want to eliminate all bother, but
not the high resolution, call on Acel We've
designed and built our own special winding
equipment; we use premium, close tolerance

resistance wire — and really leave no wind-

EPO
ing unturned to produce pots with the highest
resolution in the industry. All AIA sizes, all honics
mounting styles. specials and standards. So

o

get your resolution the easy way — get
Acepots! See your ACErep at oncel!

Here's highest resolution in a standard sub-miniature pot: The 500
Acepot® 147 size, £0.3% independent linearity. Special prototype
section insures prompt delivery on the Acepot® — 14" to 6" AlA sizes.

ELECTRONICS ASSOCIATES, INC.
#9 Dover Street, Somerville 44, Mass.
SOmerset 6-5130 TMX SMVL 181 West. Union WUX

Acepot® Acetrint® Aceset® Aceohm® *Reg. Appl. for
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the helium produced by radium. The ap-
paratus employed consisted of a McLeod
gauge in which no rubber joints were
used. A steadily maintained helium in-
crement was obtained of approximately
.37 cubic millimeter per gramme of ra-
dium per day. This result agrees very
closely with Rutherford’s theoretical cal-
culation, which gives about .3 cubic
millimeter per day.”

“There are in the United States over
250 firms engaged in the construction of
automobiles, and it is estimated that
over 52,000 cars have been sold during
the year. Returns from the 29 states that
have compulsory registration show that
over 250,000 cars have been registered.
Whereas the automobile business done
in 1903 amounted to less than $8 mil-
lion, the total for 1907 reached $105
million, and 1908 will show little, if any,
falling off. The importation of foreign
cars is rapidly decreasing. It is satisfac-
tory to know that the tide has turned,
and that American builders are sending
their cars abroad in increasing numbers.”

“Celestial photography in the wonder-
fully skillful and capable hands of Prof.
E. E. Barnard of the Yerkes Observatory
has given to astronomy fresh problems
to be solved in the portrayal of the More-
house comet, discovered by Prof. More-
house on Sept. 1 last. Between Sept. 1
and 3, Prof. Barnard obtained 239 plates
of the comet, which he believes is the
most startling to have appeared since the
application in astronomy of the sensitive
photographic plate. What has made it
especially remarkable has been the won-
derful outbursts and transformations in
its tail, which have changed its appear-
ance with such force that after 24 hours
it could scarcely be recognized as the
same body. While the light-pressure
theory explains the general behavior of
comets’ tails, it fails to give the cause
of these sudden changes in brightness
and direction.”

JANUARY, 1859: “Eighteen Hundred
and Fifty-nine! Why, it seems but yes-
terday that we ushered in, with due re-
joicings and social joy, the year that,
with his hoary cap upon his head, is, as
we write, passing quietly but quickly
away. The Atlantic cable has been laid,
the Queen of Great Britain and the Presi-
dent of the United States are supposed



LOOK WHAT ELSE WE BUILD POWER BRAKES FOR!

The picture compares

mgmmmgpe an automobile wheel
with part of the massive

landing gear and two of the eight
giant wheels and brakes we build for
the 450,000-1b. Boeing B-52 jet
bomber, so vital to our national de-
fense. When this intercontinental
bomber makes a landing, it’s like
stopping 150 passenger cars going 60
mph! Since ordinary brakes and lin-
ing couldn’t do this

% satisfactorily, we
- developed an extra
powerful, segmented

rotor brake and a special lining called
Cerametalix® that withstands the
extreme heat which is generated. We

A thousand products

also build brakes and landing gears
for many of the latest fighter and jet
passenger planes.

If you have never experienced the
nice feeling of ease and assurance
that Bendix automobile power brakes
give you, ask for a demonstration
when you inspect the new 1959 cars.

Proof of power brake
g popularity is evident
£ when you consider that
= 32 percent of 1958 car
buyers ordered them. They cost very
little compared to the pleasure they
afford. We also make a model which
can be quickly installed on your
present car in case a new car is not
in your plans this year.

zﬂ/jl/

AVIATION CORPORATION
Fisher Bldg., Detroit 2, Mich.
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Getting your brakes relined?
~3~  Remember that Bendix
makes the world’s best

Sk & brake lining—without
qualification! That’s why it’s original
equipment on more new vehicles
than any other make. You will find

it at quality-minded service places
Of course, we also

//’ 4
- bulldozers and other
Whatever your braking problem,

only. It’s made by the same Bendix

division that makes Cerametalix.
make power brakes
for trucks, tractors,

heavy, off-the-road equipment. Even

for bicycles.

we are sure we can help.

a million ideas
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finding the hard-to-find

is a job for radioisotopes

A common research problem is tracing and measuring infinitesimally
small amounts of a certain material in a large, complex mixture.
Frequently, ordinary analytical methods cannot be used because the
amount of substance sought is so minute or because large amounts of
other substances are present which interfere in the analyses.

Use of radioactive isotopes for solving such tough problems is
practical and economical.* The chemist simply converts the sought
substance into a radioactive derivative by reaction with a radioactive
agent. He then can easily follow and measure the labeled material.
The radioisotope method is so fantastically sensitive that accurate
results are possible where even less than one/one-millionth of a gram
of the sought substance is present.

Radioisotopes have been used in this manner for the determination
of histamines in animal tissues and the identification of blood hor-
mones. They are equally valuable in industrial research where ex-
tremely minute substances in a mixture must be measured.

Designing and manufacturing high quality, dependable instruments
for measuring radioactivity has been our business at Nuclear-Chicago
for more than twelve years. We are a leading source for Research
Quality radioactive reagents, too. We would be pleased to have you
consult us on equipment needed for a progressive program in this field.

*We have recently prepared three Technical Bulletins which describe profitable
applications of radioisotopes in industrial and biomedical research. We believe you
will find them interesting and will be pleased to send them to you or to your research
people. Ask for Technical Bulletins 1, 2, and 3.

nuclear - chicago

c o = - = - oA T o N

247 WEST ERIE STREET » CHICAGO 10, ILLINOIS
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to have exchanged salutations across Old
Ocean’s bed. It has ceased working; but
it is, we are told, shortly to be again in
working order. The Crystal Palace has
been destroyed by fire. Photographic en-
graving has received a fresh impetus.
The British Association have been talk-
ing about the strength of boilers. The
civilized world of inventors have been
busy on the steam-engine, improving
mechanical devices, and saving fuel by
every possible means. The Adriatic has
been across the waters, and we hear a
rumor that we are to see the Great East-
ern next spring. Who shall therefore say
that we have not progressed in the last
year, or that we are not ever marching
onward?”

“Aimé Bonpland died recently at Sao
Borja, Brazil, at the age of eighty-five.
In the early years he was the companion
of Humboldt in his travels on this con-
tinent, and collected and classified up-
wards of six thousand plants then un-
known. He was the friend of Napoleon I
and the Empress Josephine, and is the
person who advised the Emperor after
his abdication at Fontainebleau to retire
to Mexico and wait for a future oppor-
tunity of becoming again the lion of
Europe. After the death of Josephine he
returned to South America, and became
a professor of natural history in Buenos
Ayres. After many travels in the tropics,
and imprisonment as a spy in Paraguay,
from which he was released in 1829, he
retired to Sao Borja, where, surrounded
by rare botanical specimens and beau-
teous orange groves, he lived in tran-
quility and died in peace.”

“We learn that there are 399,064 spin-
dles and 12,234 looms at work in Lowell,
Mass. There are 2,394,000 yards of cot-
ton cloth made weekly, 44,000 yards of
woolen cloth, and 25,000 yards of car-
pets. No less than 72 turbine wheels are
required to drive the machinery of all
the mills, besides several breast wheels;
61,617 gailons of sperm oil and 26,000
pounds of lard are consumed annually.”

“Under the recent discoveries in pho-
tography by M. Niepce de St. Victor, of
Paris, it is found that almost all soluble
chemical substances are rendered avail-
able in the practice of the art. For exam-
ple, if the paper be impregnated with ni-
trate of uranium, then exposed in the
camera, and treated with a solution of
red prussiate of potash; a beautiful red
picture will be obtained; and if this be
afterwards treated with sulphate of iron,
a fine blue picture will be produced.”



E101’s are at work in aviation, petroleum, civil engineering,
chemical, optical, pharmaceutical and other fields of science and
industry. Engineers, statisticians, designers and researchers are
saving costly time in handling their computational problems . .. from

\ ' pinboard programming

saves 95% of manual
computation time!

Burroughs

electronic digital computer

Users of Burroughs E101 low-cost digital computers report average time savings of 20 to 1 over desk cal-
culators and other manual devices. .. plus superior accuracy. Savings in calculating time frees technical
talent for more creative jobs . . . ensures better design . .. allows fuller employment of laboratory facilities . ..
bigger work loads. Simplified pinboard programming can be mastered in a matter of hours. Problem solving
capacity is further extended by optional PUNCHED PAPER TAPE INPUT/OUTPUT equipment and
the NEW PUNCHED CARD INPUT unit, for direct computer processing of punched card files. For
brochure, write ElectroData Division, Pasadena, California.

») Burroughs Corporation
L “NEW DIMENSIONS/in electronics and data processing systems”
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NYLON,“DACRON"",“ORLON""’, “TEFLON""and “SUPER CORDURA”"’

How Du Pont Fibers
Help Solve the Problems
of Modern Industry

e Du Pont industrial fibers can be tailored to meet an immense range
of product requirements. For example, special properties can be built
into the man-made fibers, such as shrinkability, stretchability, fusi-
bility, dimensional stability, crimp and curl. In addition, each type of
fiber offers its own special advantages with regard to properties:
Nylon fiber provides great toughness; “Dacron” polyester fiber —
strength with low stretch; “Orlon” acrylic fiber — excellent weather
resistance; “Teflon” TFE-fluorocarbon fiber — extreme resistance to
corrosives; “Super Cordura” high tenacity rayon fiber — highest
strength per dollar. Better semi-finished products are made from
these fibers (yarns, fabrics, felts, batts, papers) and provide the start-
ing point for a great variety of new applications. Designers are taking
advantage of the strength and durability of Du Pont fibers to use
them in many new ways, as shown by the interesting products pic-
tured at right.

It will pay you to review the properties of these fibers and see how
they fit in with your plans. Chances are that Du Pont fibers can make
an important contribution to one of your products or processes.
Du Pont’s testing and research activities and experience offer you an
authoritative source of assistance. Let us help you with your next

materials problem.

DU PONT FIBERS FOR INDUSTRY

BETTER THINGS FOR BETTER LIVING
««. THROUGH CHEMISTRY

REG. U,S.PAT.OFF
*Registered Du Pont trademarks

E. I. du Pont de Nemours & Co. (Inc.)
Textile Fibers Department
5518-Y Nemours Building, Wilmington 98, Delaware
Please send me more information on industrial applications of Du Pont
fibers. I am interested in evaluating these materials for:

|

|

|

|

|

|

| . -

| e TR e et
: CHASSIS LUBRICATION may soon be a thing of the
|
|
|
|
|
_!

past for all automotive joints subject to high loads at

Dome low speeds. A new ball joint lined with a fabric of
1d “Teflon” is designed for use in steering and suspension
Address systems. The “Teflon” fibers provide an extremely low
coefficient of friction. Substitution of the new “self-
City & State lubricated” ball joint can eliminate kingpin wear,
________________________________ high initial steering torque and slip-stick motion.
26
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STORAGE TANKS CALLED “WHALES"” because of their size and
shape are made of nylon fabric coated with neoprene rubber. The
nylon lends high tensile strength and light weight to the construc-
tion. Nylon is unaffected by grease, oil or moisture and will not
rot in contact with soil. The tanks have a capacity of 15,000 gallons
and, when empty and rolled up, are easily transported into rough

INDUSTRIAL FIRE HOSE has always led a short, tortured life. ..
dragged over rough floors through oil and chemicals, stored out-
doors with the fabric outer jacket exposed to mildew damage. That’s
why hose manufacturers have switched to jackets of “Dacron”.
“Dacron” has high resistance to damage by abrasion, chemicals and
mildew. The new hose has important performance advantages. It
can be stored in half the space needed for conventional hose. It’s
only three-fourths the weight, too —so it handles easier and faster.

country. Cost of transport to a remote oil field in one instance was
$12.50, compared with $175 for moving a steel tank of the same
capacity. The tanks can be rolled up into a package 8 feet long by
2% feet in diameter. A small truck can carry about seven of these big
tanks, and they are easily loaded by two men. The light weight of
these storage tanks makes it possible to ship them by air.

NON-WOVEN FABRICS are coming into their own with the availa-
bility of man-made fibers. High-grade electrical tapes are made of
non-woven fabrics of “Dacron” polyester fiber. “Dacron” has great
strength and will not absorb moisture. The non-woven tape stretches
to give a secure, snug fit in coil winding. The result is neat appear-
ance with up to one-third increase in dielectric strength.

Enjoy the “Du Pont Show of the Month”—on CBS-TV

© 1958 SCIENTIFIC AMERICAN, INC

27



General Electric

X-ray

in industry

Now from G.E.—X-Ray inspection
through closed-circuit television!

T VX

X-ray image Intensification System

N\ ! NN
Permits viewing from remote locations...
A fabulous “first” from G.E.! TVX combines the speed of
a fluoroscope, the flexibility and bright image of television.
Allows continuous 100% inspection from any number of
Jocations within 1400 feet of the monitor — in separate
rooms, or even separate buildings.

The TVX monitor — designed to nest atop the control
unit — has 12-in. picture tube, bright enough for easy view-
ing in normally lighted rooms. And should additional moni-
tors be required for simultaneous viewing from multiple loca-
tions, any standard TV receiver will do,

Meanwhile, on the production line...

TVX camera picks up x-ray image of moving inspection line,
covers a pickup field up to 673-in. diameter. Image size can
be varied electronically from 1/ to 3 times that of the object,
providing both magnification and image intensification,

Provides safety, too. Because the operator can be remote
from the radiation area, any x-ray intensity needed for ade-
quate penetration may be used. Power is furnished by a
conventional x-ray generator.

TVX service is always promptly available from General
Electric x-ray representatives in all major industrial areas.

For complete TVX specs and features data, see your G-E x-ray representative.
Or write General Electric X-Ray Department, Milwaukee 1, Wis., Rm. TT-14.

Progress ls Ovr Most Important Prodlvct

GENERAL @3 ELECTRIC

28
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/7 pays fo call in New Deparfure...
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Accounting machine manufacturer ups
performance, cuts costs with I\b bearings

A prominent business machine manufacturer was looking for ways to improve
performance and reduce production costs of an automatic accounting machine
... and he contacted the man from New Departure. His N/D Sales Engineer
helped in the redesigning of the machine’s automatic carriage drive clutch
gears. Four special bearings were replaced by four New Departure standard
ball bearings with original quality of the machine maintained. These bearings
reduced parts costs to net a substantial yearly savings for the manufacturer!
What's more, the manufacturer promises years of maintenance-free bearing
operation . . . because New Departures are built to be forgotten!

When it's a question of improving performance and lowering production
costs of your product, why not contact the man from New Departure? For
more information write Department B-1.

Small cross sectional draw-
ings of bearings for restricted
space applications. They are
available from standard pro-
duction with bore sizes from
Yg” to 1V2",

T EPARTURE
DIVISION OF GENERAL/MOTORS, BRISTOL, CONN.

ANOTHING ROLLS LIKE A SALL

29
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“We taught ourselves

to use the

...it’s that easy’’

PETER M. LANG, Senior Engineer
NUCLEAR PRODUCTS —ERCO DIVISION OF ACF INDUSTRIES, INC.

“Our nuclear engineering staff, in developing |
commercial power reactors, required a i
full-sized digital computer that the entire !
group could use. We picked the G-15 and I Is
was first to learn its use. I taught myself Y
in two days without help and in turn taught |‘l
two-day classes for other ACF employees. {
Many of us had no previous computer \
experience, but we are now keeping our G-15 W
‘hopping’—often seven days a week and s
eight to twelve hours a day”

THE G-15 GIVES YOU memory and speed of

computers costing four times as much « Typewriter

input-output, paper tape output and 250 \
characters/sec paper tape input at no added

cost * Punch card input-output available * Extensive

library of programs furnished * Strong user’s

sharing organization * Proven reliability + Nationwide

sales and service * Lease or purchase.

DIVISION OF BENDIX AVIATION CORPORATION I.C’\ T

Built and backed by Bendix, the G-15 is serving scores -

of progressive businesses large and small through- p ’_

out the world. For details, write to Bendix Computer, / ™ e d
i cforni 4 D s

Department C4A, Los Angeles 45, California. S
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THE AUTHORS

STUART MUDD (“The Staphylo-
coccus Problem”) recently succeeded Sir
Macfarlane Burnet as president of the
International Association of Microbio-
logical Societies. He comes from Saint
Louis, Mo., where his family has long
been prominent in medical research and
practice. After graduating from Prince-
ton University with honors in biology,
Mudd returned to Washington Univer-
sity in Saint Louis for his M.A. He then
proceeded to Harvard University, where
he was the first Medical School under-
graduate ever to win the 100-year-old
Boylston prize for medical research.
Mudd acquired his M.D. in 1920, then
spent several more vears in biophysical
research at Harvard and later at the
Rockefeller Institute and the University
of Pennsvlvania, where since 1934 he
has been professor of bacteriology.

JESSE L. GREENSTEIN (“Dying
Stars”) is an astronomer at the Mount
Wilson and Palomar Observatories and,
in addition, heads the astronomy depart-
ment at the California Institute of Tech-
nology. A New Yorker, he graduated
from Harvard College in 1929, took an
M.A. at Harvard in 1930, then rode out
four depression years as an operator in
real estate and investments. In 1934 he
returned to Harvard for his Ph.D. Sub-
sequently he joined the staff of the Uni-
versity of Chicago’s Yerkes Observatory,
first as a National Research Fellow, then
as associate professor. Greenstein has
worked at Mount Wilson and Palomar
and Cal Tech since 1949; for the past
six years he has chaired the International
Astronomical Union’s commission on
stellar spectra.

BENJAMIN W. ZWEIFACH (“The
Microcirculation of the Blood”) says that
he is a “complete product of New York
City’s public-school system.” Upon

| graduating from the College of the City

of New York in 1931, at the height of
the depression, he found himself jobless,
and so decided to enroll for a year in the
New York University Graduate School.
There he came under the influence of
Robert Chambers, a pioneer in the mi-
crosurgery of cells. Chambers’s work on
the permeability of cell membranes led
Zweifach immediately into the study of
how the cells are nourished by the blood
capillaries. Zweifach took his Ph.D. in
1936, was a research fellow at Tufts
University for two years, then returned
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An indication of the extreme sensitivity of the K&E Electronic Tilt-Angle
Transducer is shown by the vertical lines, caused by earth tremors.
The sensitivity of the unit may be varied to suit the application.

NEW [K*Z ELECTRONIC TILT-ANGLE TRANSDUCER
can automatically detect, signal and record angular change to YVa second of arc

A major achievement in the science of angular
measurement, this new K&E instrument detects
and records angular deviations to a degree of
accuracy attainable by no other method.

On missile launching platforms, for instance, the
signal from the K&E Electronic Tilt-Angle Trans-
ducer can be fed directly into a servo-mechanism
to make the structure self-leveling.

Or in radar tracking, where undetected mechanical
tilting in either elevation or azimuth axes can

introduce errors in tracking data, the K&E Elec-
tronic Tilt-Angle Transducer can record the
necessary information to correct basic data.

If you have an application in which establishment
and maintenance of ultra precise angular position
is important, the K&E Electronic Tilt-Angle
Transducer may exactly meet your needs. For
more information please write outlining your
requirements as fully as possible to Special
Devices, Keuffel & Esser Company, Hoboken,
New Jersey. 1604

SPECIAL DEVICES FOR INDUSTRY, SCIENCE AND THE MILITARY

® Electronic angle measuring and controlling ® Angular divisions on glass and metal accurate

instruments

to better than one second of arc

® Linear divisions on glass and metal accurate ® Telescope systems of all types

up to one part in 200,000

L.
m S ® Special targets and reticules

® Ultra-precise mechanical components
and assemblies

KEUFFEL & ESSER co- Hoboken, N. J.
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GIANT

narda
. SONBLASTER

4 a

|
4

Generator G-5001
500 watts output

Transducerized Tank NT-5001
Capacity: 10 gallons
Dimensions: 20” L x 11%2” W x 10” D

Generator features tank selector and load selector
switches on front panel to operate one or two NT-5001 $
tanks alternately. Other combinations of tanks and sub-

mersible transducers available from stock; larger tanks
available on special order.

For mass-production cleaning and
high capacity chemical processing!

Here's a new Narda SonBlaster ultrasonic cleaner with tremendous cavi-
tation activity and generating capacity! Featuring full 500 watts output,
this SonBlaster is available with a fully transducerized giant 10-gallon
capacity tank. In addition, it will operate from six to 10 Model NT-605
high energy submersible transducers, at any one time, in any arrange-
ment in any shape tank you need up to 70-gallon volume.

Install this new Narda SonBlaster, and immediately you’'ll start
chalking up savings over costly solvent, vapor or alkaline degreasing
methods! You’ll save on chemicals and solvents, cut maintenance and
downtime, eliminate expensive installations, save on floor space, and
release labor for other work. But perhaps most important, you'll clean
faster, cut rejects, and eliminate bottlenecks.

Whether you’'re interested in mass-production cleaning or degreas-
ing of mechanical, electronic, optical, or horological parts or assemblies
...rapid, quantity cleaning of ‘“‘hot-lab’ apparatus, medical instruments,
ceramic materials, electrical components or optical and technical glass-
ware...or in speeding up metal finishing and chemical processing of all
types — you'll find this new SonBlaster will do your work faster, better
and cheaper. Write for more details now, and we’ll include a free
questionnaire to help determine the precise model you need. Address:
Dept. SA-20.

Consult with Narda for all your ultrasonic requirements. The
SonBlaster catalog line of ultrasonic cleaning equipment ranges from
35 watts to 2.5 KW, and includes transducerized tanks as well as immers-
ible transducers which can be adapted to any size or shape tank you
may now be using. If ultrasonics can be applied to help improve your
process, Narda will recommend the finest, most dependable equipment
available for immediate delivery from stock—and at the lowest price
in the industry ($175 up)!

For + desi d cl ing systems, write to our Industrial Process

Division; for information on chemical processing applications, write to our
Chemical and Physical Process Division; both at the address below.

By
) ) ultrasonics
the llal Cla corporatilon

625 MAIN STREET, WESTBURY, L. I, N.Y.
Subsidiary of The Narda Microwave Corporation

© 1958 SCIENTIFIC AMERICAN, INC

to N.Y.U., where (except for a period of
a few years at the Cornell University
Medical College) he has worked ever
since.

R. E. PEIERLS (“The Atomic Nu-
cleus”) is a German-born British physi-
cist who worked during the last two
years of World War II at the Los Ala-
mos Scientific Laboratory. Born in Ber-
lin, he divided his training (according
to the European custom) among several
universities: Berlin, Munich, Leipzig
(where he studied with Werner Heisen-
berg) and the Swiss Federal Institute
of Technology in Zurich. In addition, he
paid frequent visits to the Copenhagen:
laboratory of Niels Bohr; these, he says.
“contributed more to my development
than any other contacts.” After several
years as Wolfgang Pauli’s assistant in
Zurich, Peierls journeyed on a Rocke-
feller Fellowship to Rome, where he
studied with Enrico Fermi, and also
traveled to Cambridge to study under
P. A. M. Dirac. Upon the advent of the
National Socialist regime in Germany,
Peierls decided to remain in England
where, since 1937, he has been a pro-
fessor at the University of Birmingham.

D. W. BRECK and J. V. SMITH
(“Molecular Sieves”) are a chemist and
a mineralogist with, respectively, the
Linde Company (a division of the Union
Carbide & Carbon Corporation) and
Pennsylvania State University. For seve-
ral years they have collaborated in unrav-
eling the complex structures of zeolites
and other silicate sieves. Breck, a gradu-
ate of the University of New Hampshire,
received his Ph.D. in 1951 from the
Massachusetts Institute of Technology,
where he held a U. S. Rubber Company
Fellowship. Smith was born in England
and holds a doctorate in physics from the
University of Cambridge. He came to the
U. S.in 1951 as a fellow at the Geophysi-
cal Laboratory of the Carnegie Institu-
tion of Washington. After returning to
Cambridge for two years of teaching, he
came to the U. S. again and took up his
present post, where, with his colleagues,
he is engaged in determining the history
of minerals through the study of their
chemical and physical properties.

A.]. ANDERSON and E. ]. UNDER-

| WOOD (“Trace-Element Deserts”) are
| Australian specialists in plant and animal

nutrition, respectively. Anderson, whose
headquarters are in Canberra, directs
the work of the plant industry division
in Australia’s Commonwealth Scientific
and Industrial Research Organization; it
was he who, early in his 20-year career



...NEWS IS HAPPENING AT NORTHROP_\.

OPERATIONAL NOW!

NORTRONICS UNIVERSAL DATICO
T0 CHECK 0UT

ADVANCED MISSILE SYSTEMS!

READY NOW! The first and only universal automatic check-

out equipment in production is Nortronics’ Universal

| Datico. Standardized, self-checking test equipment, read-

ily adaptable to any missile system or group of systems,

Universal Datico is a single system of automatic eval-

uation equipment available for support of advanced op-

‘ erational missiles. Other production contracts include

: checkout applications to U.H.F. equipment and autopilot
sub-systems.

PERFORMANCE PROVED. Datico has logged thousands of hours
of reliable performance during which its speed and
adaptability from one system to another have been dem-
onstrated. Its rapid, unerring, Hi-Go-Lo evaluation of
existing systems indicates its applicability to future sys-
tems as well as to today’s. It quickly locates malfunction
of the system or any sub-system element down to piece
parts and records its findings on printed tape.

TIME-MANPOWER-DOLLARS. Datico saves all three. No need
for costly, time-consuming research and development.
Datico is available now for today’s requirements. Appli-
cation of Datico to your problem can mean savings up
to 75% in manpower plus a dividend in reduced skill-
levels required; savings up to 90% in checkout time;
and 50% in acquisition cost.

TOMORROW'’S DATICOS — Nortronics’ continuing development
program, combined with the management and engineer-
ing foresight which created Datico in time for today’s
weapons, is now developing advanced Daticos for to-
morrow’s weapons. These new checkout devices will
incorporate even greater speed and such features as eval-
uation of total system degradation without sacrificing
reliability and relative simplicity.

If you have a checkout problem...if you have checkout
requirements for any system or level of a system, call
Nortronics today, or write Chief Applications Engineer,
Dept. 2003-K Nortronics, A Division of Northrop Air-
craft, Inc., 500 East Orangethorpe, Anaheim, California.

£ L
~

NORTRONICS

A Division of Northrop Aircraft, Inc.
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BAUSCH & LOMB

| ’- " GENERAL ELECTRIC
~" @ SPEEDS PRODUCTION
WITH
3-D MICRO-VISION

How B &L Stereomicroscopes help in
assembly of ultra-precision transistors

These skilled operators are doing a job that “just couldn’t be done
without stereomicroscopes,” according to Norman Spoonley, foreman,
Semiconductor Products Dept., General Electric Co., Buffalo. This
critical phase of transistor assembly involves soldering a 1-mil nickel
wire between a nickel tab and the .6-mil core of a .1” germanium
pellet which, in turn, is fused between two 5-mil nickel wires. B&L
Stereomicroscopes make it possible by showing enlarged views in
natural 3D. Air-tight, dust-free design keeps images sharp, clear, un-
distorted . . . for full-working-day efficiency without visual fatigue.
In assembly, quality control, inspection, some 100 B&L microscopes
help G. E. mass-produce to highest precision standards. If you have
small-parts assembly and inspection problems, you need B&L Stereo-
microscopes.

BAUSCH & LOMB OPTICAL CO.

69437 St. Paul Street, Rochester 2, N. Y.

O I'd like to borrow a B&L Stereomicro-
scope for 15-day trial without cost or
obligation.

[0 Send me Stereomicroscope Catalog
D-15.

Name

Title

Company

Address ......

SEE FOR YOURSELF!
MAIL COUPON FOR
FREE 15-DAY TRIAL

mmm———————

\ 4
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of research in that organization, discov-
ered the vital need of Australia’s pas-
tures for molybdenum. Anderson, who
holds the degree of Doctor of Science in
Agriculture from the University of West-
ern Australia, has twice visited and lec-
tured in the U. S. In 1956 he received
the Australian Medal of Agricultural
Science. Underwood heads the Univer-
sitv of Western Australia’s Institute of
Agriculture at Nedlands, Western Aus-
tralia.

KNUT SCHMIDT-NIELSEN (“Salt
Glands”) has long studied the water
metabolism of animals (see “The Desert
Rat,” by Knut and Bodil Schmidt-Niel-
sen; SCIENTIFIC AMERICAN, July, 1953).
In addition to rats and sea-water-drink-
ing birds, his recent subjects have in-
cluded camels, whose physiology he
studied in the Sahara Desert. Born in
Norway, he studied at the Univer-
sity of Oslo, then went to Denmark to
work at the University of Copenhagen
under the well-known physiologist Aug-
ust Krogh (his wife and collaborator is
Krogh’s daughter). At Krogh’s sugges-
tion Schmidt-Nielsen augmented his
training at the Carlsberg Laboratory,
where he learned microchemical meth-
ods for the analysis of tiny samples of bio-
logical material. Since receiving the de-
gree of Doctor of Philosophy at Copen-
hagen in 1946, he has worked at
Swarthmore College, the University of
Oslo, Stanford University, the University
of Cincinnati and Duke University,
where he is now professor in the depart-
ment of zoology.

FAY-COOPER COLE (“A Witness
at the Scopes Trial”) retired in 1947 as
chairman of the anthropology depart-
ment at the University of Chicago—a
post he had held for 19 years. Before
joining the Chicago faculty he had spent
another 19 years as an anthropological
field worker for the Chicago Natural His-
tory Museum (then the Field Museum),
in the Philippines, Borneo, the Malay
Peninsula, Sumatra and Java. Cole, who
is still professionally active, remains a
research associate of that museum and in
1957 revisited his Southeast Asian
haunts as representative of U. S. anthro-
pology at the Ninth Pacific Science Con-
gress in Bangkok. Cole graduated from
Northwestern University in 1903 and
did graduate work at the University of
Chicago Medical School, the University
of Berlin and Columbia University,
where he received his Ph.D. He is the
father of LaMont C. Cole, whose article
“The Ecosphere” appeared in Scien-
TIFIC AMERICAN for April, 1958.



NEW TOOL FOR HIGH VACUUM SPECIALISTS

Introducing a whole new series of ion pumps
that will develop absolutely clean vacuum,
better than 10 " mm Hg. They are available
in pumping capacities of 100 and 250 liters
second. Larger sizes can be supplied on special
order. They offer tremendous advantages in
such applications as particle accelerators, space
research chambers, fusion processes, mass
spectrometers, electron microscopes, vacuum
tube processing — whenever uncontaminated
ultra-high vacuums are required.

HIGH CAPACITY — The Vaclon High Vacuum Pump
iHustrated has a uniform pumping speed of over 250
liters second for room airover therange of 10 *to 10" * mm
Hg. Pumping speed for hydrogen is over B50 liters sec
RUGGED — No damage to the pump will oceur If the
system is accidently opened to atmospheric pressure
ULTRA-HIGH VACUUMS — In ordinary applications,
Vaclon Pumps will produce vacuums of up t0 10" mm Hg
Equal to space at approximately 120 miles above the earth
NO MOVING PARTS — Vaclon Pumps operate elec
tronically

RUNS UNATTENDED — Does not require continuous
personal attention. A distinct advantage in radiation or
other hazardous tesi areas

COMPLETELY CLEAN — Operates in a closed system
no vapors, no cold traps, If the power fails no damage
occurs. The vacuum in the system will be retained
MEASURES ITS OWN VACUUM — The current indi
cation of the power supply meter provides a practical
measurement of pressure, Accuracy is comparable with
that of the best ion gauges
SIMPLE INSTALLATION — Complete units consist of
a Vaclon Pump, permanent magnet and power supply. A
mechanical roughing pump is necessary only to bring the
vacuum in the system down to about 107 mm Hg at which
point the Vaclon Pump starts operating. It will perform in
any position
LOW MAINTENANCE COSTS — If the pump becomes
contaminated or at the end of its life, the internal elements
can be easily removed and reconditioned or replaced
LONG LIFE — Operating life of 20,000 hours at 10 "mm
Hg can be expected. Life expectancy is almost limitless
at 10" mm Hg
ONLY FROM VARIAN — Vaclon High Vacuum Pumps
have no agual for simplicity, cleanliness and compactness
Write for complete information today

VA R l A N asl_sociates_

FALD

ALTO 7 CALITORMNIA

HIGH CAPACITY
RIGH VACUUM

KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, HIGH VACUUM PUMPS, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS,
R. F. SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES

* Trade mark
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REPORT ON THE COPPER METALS:

What are todays

i

ARRLENL

REFRIGERANT

COMPRESSOR

~ BLOWER

L= AIR COIL

A L---FiLTER

design possibilities?

Design possibilities with the copper metals are as varied as
these metals themselves. The forty-two industry standard
alloys and the hundreds of special copper alloys offer com-
binations of electrical, thermal, chemical, structural, joining
and finishing properties which are more valuable in this day
of rigid performance specifications than ever before.

Today, most parts must meet séveral material requirements.
Even a fastener, in addition to strength, may need corrosion
resistant and high-finish properties. A supporting member
may also have to conduct heat. Efficiency calls for materials
versatility. And versatility calls for the copper metals. Al-
though used since 7500 BC, copper is being re-examined as a
new material with design possibilities that have scarcely
been tapped. Here are some of the problems, and some of the
properties that have special meaning at this time:

Design Problem — Heat pump condenser

The tube-in-tube condenser in a Typhoon Heat Pump must
transfer heat between the ground water and the recirculating
refrigerant. Corrosive sodium and sulphur compounds are
dissolved in the ground water. The refrigerant, being highly
volatile, must be confined in a leakproof system. The house
air must be heated in winter and cooled in summer by pass-
ing over heat-transfer coils. The design requirements, then,
include corrosion resistance, heat conductance and imper-
meability to the refrigerant. These requirements are met by
three forms of copper. The ground water is contained in
Admiralty Brass because of its excellent resistance to salt
and sulphur corrosion. The refrigerant is contained in com-
mercially-pure copper because of its density and the im-
permeability of its soldered joints. The air coil is a tinned
copper fin soldered to a copper tube for maximum heat trans-
fer at a realistic cost.

The good heat conductivity of copper and Admiralty Brass
is, of course, important. But the conductivity of the metals
themselves would be of little use if they did not also resist
corrosion. The reason for this (besides durability) is be-
cause a heavy layer of corrosion products would severely
reduce transfer efficiency.

TYPHOON HEAT PUMP CONDENSER SECTION (shown actual size).
Heat exchange between ground water and refrigerant is accom-
plished in this unit. The corrosion resistance and high heat
conductance of the copper metals used are vital to efficient opera-
tion. Drawing at bottom shows the complete cycles schematically.
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As with any piping system, impact and tensile strengths of
the groundwater tubing are also important. Slight shifts in
the substrata can produce heavy stresses. Admiralty Brass,
as manufactured for this tubing, develops a tensile strength
of the order of 45,000 psi. Many copper alloys are even
stronger. The high-zinc brasses, nickel silvers, beryllium
copper, the silicon bronzes and the phosphor bronzes can be
processed to provide tensile strengths of the order of 140,000
psi for hard-drawn wire. Strengths, of course, vary with
temper. The graph above illustrates the range of strengths
for Admiralty Brass.

Design Problem —
Preheating for atomic reactor

The induction heating coils used in the Organic Moderated
Reactor Experiment, a nuclear power project operated by
Atomics International, a division of North American Avia-
tion, Inc., for the Atomic Energy Commission, keep the
organic moderating compound in a fluid state during re-
actor startup and shutdown. The necessary high tempera-
tures are generated by eddy currents in the reactor tank.
The design requirements for the coils were high electrical
conductivity and good high-temperature characteristics.
Oxygen-free, high-conductivity copper was the answer. Its
freedom from impurities assures high conductivity and
guards against high temperature oxidation and scaling.

Design Problem—Yours
The combination of properties that you need for today’s
multifunction design requirements can probably be found
among the copper metals. The copper industry will help you
find it. The Copper & Brass Research Association, 420 Lex-
ington Ave., New York 17, N. Y., will welcome your inquiry.

* EFFECT OF ANNEALING ON TENSILE STRENGTH and apparent
elastic limit of admiralty-metal strip, previously cold-rolled
6 B. & S Nos. (50% reduction of area) from two different grain
sizes, 0.015 and 0.080 mm. (0.040-in. stock).

COPPER COILS being installed on the bottom of the main core vessel
of the Organic Moderated Reactor Experiment.

FINISHING REQUIREMENTS. The nickel silvers and low-zinc brasses

are widely used in ornamental applications because of their ease of
plating and finishing as well as their cold-working properties. The
new fine-grain brasses offer an ideal surface structure for economi-
cal high finish.

The picture above shows various combinations of coppers and
brasses used decoratively in housewares.

THFERE'S A NEW FRONTIER IN...
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MISSILE COMPONENTS Bulova’'s infra-red seeker cells are designed
to lock any missile on target; Bulova’'s fuzing systems do the rest.
Powder-driven gyros, timers, safety-and-arming systems and other elec-
tronic and electro-mechanical devices, designed and made by Bulova,
play vital roles in the Sidewinder, Dart, Talos...in all, 18 key missiles.

AUTOMATION Bulova R&D designed mechanized plant and equipment
for Signal Corps goal of 10,000 perfect quartz crystals per 8 hour shift
—with 1/10th the manpower. From systems analysis through equipment
development, Bulova engineers devise industrial and military facilities
for automatic production of electronic components and ordnance items.

Bulova precision helps to solve
today’s most challenging problems

Time, mass, length...the age-old concepts
man relies on as he enters the Age of Space.

Time alone is unique. Its accurate mea-
surement demands the highest order of
precision in the design and manufacture of
electro-mechanical devices.

Bulova, leader in measurement of time, has
become master of the very combination of
abilities that holds practical solutions to

BULOVA RESEARCH AND DEVELOPMENT

ULOVA

wa,tch ¢
X

= the growing challenges of miniaturization.

Miniaturized systems and components by

Bulova are now working for our nation’s
/) defense and automated industry. The same
/ vision and experience that developed them
7 are available to assist you...from concept
to reliable mass production.

For full information, write Dept. G.1.S.-1,
Bulova Park, Jackson Heights, New York.

ompany

LABORATORIES, INC.

PRECISION MANUFACTURING Bulova-built servo muscles steer our
nation’s first ballistic guided missile—the Corporal. When critical toler-
ances demanded uncompromising accuracy, Bulova solved tooling and
assembly problems on a crash basis. Bulova experience and facilities
are unexcelled where precision, reliability and capacity are vital.

38

AIRCRAFT INSTRUMENTS Bulova's new Servo Altimeter combines
unsurpassed sensitivity and accuracy with direct-reading tape presenta-
tion. Special pressure devices created by Bulova include transducers for
air data computers...remote pressure sensors for weather stations and
airports...climb and dive indicators...and autopilot altitude controls.
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The valve body is of stainless steel. All of
its seals were designed of TerrLon TFE-
fluorocarbon resin, because of the resin’s
practically universal chemical resistance.
Thanks to TFE-fluorocarbon resins, the
valve now has a greatly expanded range of
uses . . . stops leakage of the most powerful
reagents. It can operate at 500°F., is “self-
lubricating”, does not stick or “freeze”.
Wears better, too.

We'd like to send you an intriguing scien-
tific “inside story” showing how the molec-

Stainless-steel ball valve with seals of TEFLON TFE-fluorocarbon resin made by Rockwood Sprinkler Company, Worcester, Mass.

THE INSIDE STORY... on a better valve for handling corrosives

ular structure of TFE resins results in their
remarkable chemical, electrical, thermal and
frictional properties. For your copy of “The
Physical Properties of TEFLON Polytetra-
fluoroethylene” write to: E. I. du Pont de
Nemours & Co. (Inc.), Polychemicals
Department, Room 39-1, Du Pont Building,
Wilmington 98, Del. In Canada: Du Pont
Company of Canada (1956) Limited, P.O.
Box 660, Montreal, Quebec.

TEFLON is Du Pont’s registered trademark for its
fluorocarbon resins, including the TFE (tetrafluoro-
ethylene) fluorocarbon resins discussed herein.

TFE-
FLUOROCARBON
RESINS

REG.U. 5. PAT.OFF.

BETTER THINGS FOR BETTER LVING...THROUGH CHEMISTRY
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William Whewell...on mind and matter

“...these metapl)ysical discussions are not to be put in
opposition to the study of facts; but are to be stimulated,
nourished and directed by a constant recourse to experi-
ment and observation. The cultivation of ideas is to be
conducted as having for its object the connexion of facts;
never to be pursued as a mere exercise of the subtlety of
the mind, striving to build up a world of its own, and

neg]ecting that which exists about us. For although man

may in this way please himself, and admire the creations
of his own l)rain, he can never, by this course, hit upon
the real scheme of nature. With his ideas unfolded by
education, sharpened by controversy, rectified by meta-
physics, he may understand the natural world, but he
cannot invent it. At every step, he must try the value
of the advances he has made in thoug]nt by applying his
thoughts to things."

~ Philosophy of the Inductive Sciences, 1847

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA

A nonprolit organization engaged in rescarch on prob'ems related to national security and the pul)lic interest
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The Staphylococcus Problem

A ubiquitous parasite has acquired resistance to antibiotics and is

causing epidemics of purulent infection in hospitals. Control calls

for renewed research and a return to aseptic and antiseptic routines

During the past two years the tech-
nology of modern medicine has
been mobilizing to contend with
a spreading prevalence of purulent in-
fection in which that same technology
has played an equivocal role. The preva-
lent infections manifest themselves in a
variety of conditions, from abscesses and
rashes to fatal blood poisoning and pneu-
monia. All the cases are traceable to
certain strains of the familiar and ubiq-
uitous staphylococcus. These strains
are distinguished by their communica-
bility and virulence, and by high resist-
ance to antibiotics. They are, in fact, the
product of selection by antibiotics; by
bad luck, these resistant strains happen
to carry the most harmful traits of their
genus. The foci of prevalence are the
hospitals, where antibiotics have been
employed so extensively in recent years
not only for treatment of diagnosed in-
fection but also for prophylactic pur-
poses, often with neglect of the standard
routines of asepsis and antisepsis. This
ironic turn of events has caught physi-
cians ill prepared with alternatives to
antibiotics. The emergence of the “mira-
cle” drugs, the sulfonamides in the 1930s
and the antibiotics in the 1940s, discour-
aged interest and support for the classi-
cal lines of bacteriological research just
as they were reaching fruition with re-
spect to staphylococcal infection.

Of course infection was the common
hazard of hospital confinement through-
out the centuries before the introduction
of antiseptics and disinfectants in the
last decades of the 19th century. The

by Stuart Mudd

staphylococci, together with the pneu-
mococci and streptococci, took the prin-
cipal toll. These and some other less
well-known microorganisms are “oppor-
tunist invaders.” They are closely asso-
ciated with man in his immediate en-
vironment but do not necessarily cause
illness, unless they are given access to
vulnerabletissue by breaks in the normal
defenses of the body, or by general or
local debility. Infections by pneumococ-
ci and streptococci had a high fatality
rate. Staphylococci, on the other hand,
often caused milder infections, and pa-
tients who contracted them spread the
hospital strains abroad in the world. In
1852 a British physician named T. Hunt
described the mid-19th-century preva-
lence of “carbuncles, boils, whitlows,
pustules and superficial collections of
purulent matter” as “the furunculoid
epidemic.” Leonard Colebrook, writing
a century later about this “blackest pe-
riod in all the history of hospital infec-
tion” attributes a large variety of illnesses
to the staphylococci. His roll call—includ-
ing post-operative infection; skin disease,
eye infection and pneumonia in new-
born infants; inflammation of the breast
in nursing mothers; outbreaks of skin dis-
ease in the families of hospital-born in-
fants—is uncomfortably suggestive of
present experience.

For reasons in part historical and in

part biological we know less today
about the staphylococci than about the
other opportunist invaders. The inci-
dence and fatality of lobar pneumonia,
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caused by the pneumococci, inspired a
brilliant series of investigations at the
beginning of this century under the
leadership of Rufus Cole, A. R. Dochez,
Oswald T. Avery and Michael Heidel-
berger at the Hospital of the Rockefeller
Institute in New York. These studies,
still going forward, have led to a clear
understanding of the many pneumococ-
cal types and their interaction with the
defensive humors and cells of their hu-
man and animal hosts. On the practical
side, they yielded therapeutic horse se-
rums and, later, diagnostic and therapeu-
tic rabbit serums. These techniques did
not, however, come into wide clinical
use, for just at that time the era of
chemotherapy began.

The hemolytic streptococci, as the
agents of fatal post-operative and child-
bed infections, attracted the attention of
the same group of investigators at the
Rockefeller Institute. Another brilliant
series of studies, carried on chiefly by
Rebecca Lancefield, elucidated the
chemistry of the many groups and types
of streptococci and developed a wealth
of information concerning the organiza-
tion of these disease agents and the sub-
stances elaborated in their metabolism.
From this knowledge came techniques
for diagnosis and epidemiologic study.
The work goes on in the effort to under-
stand and prevent rheumatic fever and
certain forms of kidney disease.

A solid foundation of knowledge
about the natural history of the pneumo-
cocci and streptococci was thus at hand
when the chemotherapeutic agents be-
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came available. Fortunately the com-
bined action of the appropriate agent
and the natural defensive mechanisms
destroys these invaders effectively in the
body. What is more, the pneumococci
and streptococci have thus far mani-
fested no great tendency to acquire re-
sistance to sulfonamides or antibiotics.

Through the first half of this century
the dreaded pneumococci and strepto-
cocci quite overshadowed the impor-
tance of the staphylococci. No compa-
rable concentration of resources and
investigative effort was devoted to these
microbes and the infections they cause.
But with other opportunist invaders sup-
pressed, staphylococcal infections now
stand out in clearer relief. Infections and
pneumonias caused by staphylococci in
hospitals are now a major menace, par-
ticularly to the severely ill, to surgical
patients and to newborn infants. There
are already clear indications that the
staphylococcal infections of hospitals are
becoming problems of the community at
large.

The situation is worsened by the ca-
pacity of the staphylococci to become
resistant to the antibiotics used against
them. The resistant strains have not only
infected patients, but have colonized
healthy members of the medical, nurs-
ing and housekeeping personnel, and lie
latent in the dust, mattresses and blan-
kets of the hospitals unless meticulous
care is taken in all hospital procedures.

WHITE BLOOD CELLS defend the body against invading staph-
ylococci by engulfing them. At left a cell has ingested three staph-
ylococci which are disintegrating (circular masses above and below
gray, lobed nucleus) . The cell at right, however, is being destroyed
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The role of antibiotics in the selection
of these strains can be seen in the chart
at the top of the opposite page. When
antibiotics were not widely used or
where, as in a mental hospital, they are
used only rarely, the resistant and dis-
ease-producing staphylococci may not
be widespread among patients and staff
members. But in hospitals where anti-
biotics are frequently used, the inci-
dence of resistant organisms is high. The
most meticulous and constant care is re-
quired to minimize infection by them.
Some of the newer antibiotics have
proven effective, but these rugged
strains show amazing adaptability in ac-
quirihg resistance even to new anti-
biotics.

T he “hospital strains” were first recog-

nized as epidemic in Australia, where
staphylococci have been identified as to
strain since 1949. Staphylococci are
grouped according to the types of bac-
terial virus, or phage, that will attack
them. There are four main groups of
staphylococcal phages, each including
many different types. The phages are
highly selective with respect to the bac-
terial hosts they attack, but one strain of
staphylococcus may be susceptible to at-
tack by several phages of the same
group. The pattern of susceptibility to
phages provides a means of identifying
particular strains of bacteria and tracing
sources and pathways of epidemic in-
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fection. The patterns do not provide
such certain identification of individual
strains as, say, fingerprints provide in
the case of men; rather they identify
groups of strains which have traits in
common.

The first staphvlococci to emerge un-
der the selection pressure of antibiotics
tended to be susceptible to the so-called
Group III phages. In the last few years,
however, staphylococci susceptible to
Group I phages have appeared even
more commonly than those susceptible
to Group III as “epidemic strains” re-
sistant to antibiotics. Phyllis Rountree
and B. M. Freeman of Sydney, Australia,
have noted that most outbreaks of staph-
ylococcal infection of newborn infants in
that city since 1954 have been due to the
strain of Group I, susceptible to the
phage numbered 80. They also observed
a subsequent increase in the incidence
of this strain among patients hospitalized
for generalized staphylococcal infection,
indicating that the hospital strain has
spread to the community.

Similar changes in the picture of
staphylococcal disease have been ob-
served in other areas. Staphylococci sus-
ceptible to phage 80 or its close relative
81 (lumped together in international
shorthand as staphylococcus 80/81)
have been implicated in outbreaks in
Holland, Rumania, the United Kingdom
and Canada, as well as in many parts of

the U. S.

by metabolic products of virulent staphylococci which survive
after being engulfed. These electron micrographs, made by Joseph
R. Goodman of the Veterans Administration Hospital in Long
Beach, Calif., enlarge the two specimens about 13,000 diameters.



John E. Blair of the Hospital for Joint
Diseases in New York City has typed
staphylococci obtained from hospitals
throughout the U. S. He reports: “Staph-
ylococci of Type 80/81 have become
widely disseminated in this country dur-
ing the past three or four years, and are
at present responsible for many, but by
no means all, outbreaks of hospital-ac-
quired infection.” In a nationwide sur-
vey in the fall of 1957 he found that
staphylococci  that caused infections
“were predominantly members of phage
Group III or were of Type 80/81,” and
“a large proportion of the Group III
strains and nearly all of Type 80/81
were resistant to penicillin, the tetra-
cyclines and streptomycin.

rl‘ he invasion of hospitals and of com-

munities at large by highly commu-
nicable, antibiotic-resistant staphylo-
cocci has brought vigorous response
from major medical and scientific or-
ganizations. During the last year the
American Public Health Association,
the American Medical Association, the
American Academy of Pediatrics, the
U. S. Public Health Service, together
with the National Academy of Sciences—
National Research Council, have spon-
sored conferences on the problem. A
number of state, county and municipal
health departments have assigned health
officers to the specific task of dealing
with the trouble spots in their localities.
More action is needed, however, in a
great many more communities.

Investigators and clinicians who at-
tended the conferences agreed that hos-
pitals should use antibiotics with greater
discrimination, especially when consid-
ered for prophylactic purposes, and re-
turn to the techniques of strict asepsis
and vigorous antisepsis. These tech-
niques are designed to minimize a pa-
tient’s exposure to all microorganisms. In
some hospitals such simple measures as
wearing a double mask in the operating
room or the bathing of infants with a
hexachlorophene solution have helped to
check the spread of staphylococci. The
conferees have also urged the identifica-
tion of dangerous carriers of staphylo-
cocci among apparently healthy mem-
bers of the hospital staff, and the isola-
tion of clinical cases.

The vigorous application of aseptic
and antiseptic techniques, however, can
at best cut down the over-all infection
rate; they will not eliminate the problem.
Clearly a long-term fundamental and
clinical research effort must be pushed
to increase basic understanding of the
staphylococcal organism in relationship
to man. We must learn at least as much
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RISE OF RESISTANT STAPHYLOCOCCI parallels increasing use of antibiotics. In 1932-
1948 at a general hospital (A) strains collected from patients included few of the Group III
staphylococci (gray bar) and none resistant to the tetracyclines, which were not yet avail-
able. At two other hospitals which use much antibiotic therapy, strains collected in 1953-
1954 (B) and in 1954-1955 (C) were largely resistant to both penicillin (colored bar) and
the tetracyclines (black bar). The strains included many of Group III, in contrast to those
from a mental hospital (D), where patients rarely receive antibiotics. This chart is adapted
from a paper presented at the National Conference on Hospital-Acquired Staphylococcal
Disease in September, 1958, by Vernon Knight, Arthur White and Thomas Hemmerly.
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INFECTIONS IN SURGICAL WOUNDS have been increasing since 1949 at one hospital
which averages over 1,000 operations per year. The incidence of staphylococcal infections
(dark color) as well as of other types of infection (light color) decreased in 1954, when
stringent efforts to prevent the spread of germs were introduced at the hospital. The chart
is based on the data of Chester W. Howe of the Boston University School of Medicine.

43

© 1958 SCIENTIFIC AMERICAN, INC



VARIETIES OF ANTIBIOTICS are tested against a culture of staphylococci taken from a
patient. Clear areas around a disk of antibiotic show that the antibiotic prevented growth of
the bacteria. The first strain (top) is resistant to penicillin, the tetracyclines, chloromycetin
and terramycin, but susceptible to four of the newer antibiotics. The second strain (bottom)
is susceptible to all eight antibiotics at two concentrations. The pictures on these two
pages were made in the laboratory of John E. Blair at the Hospital for Joint Diseases.
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about the host-parasite relationship in
staphylococcal disease as we know about
pneumococcal and streptococcal infec-
tions.

The modern conception of infectious
diseases holds that infection is a special
case of parasitism, an interaction be-
tween two biological systems, each con-
strained by the necessities of its own
survival. To cause continuing infection
in the human organism, bacteria must
obviously be able to invade the body, to
multiply in it, to produce substances
which are in some way noxious to the
system, and to ward off the host’s de-
fensive forces. The noxious substances
or toxins elaborated by bacteria are
many and varied.

The body, on the other hand, presents
a complex array of defensive forces
against parasitic invasion. They include
a number of substances dissolved in
body fluids, the lysozyme in tears and
saliva, for example, and the “comple-
ment” and properdin factors carried in
the blood. These substances act indis-
criminately against many parasites. They
vary in effectiveness with the general
health of the body or with the nature of
the injury. In general, however, the out-
put of these substances is not stimulated
in response to specific bacteria.

The white blood cells constitute a
gendarmery which is always ready to
repel parasitic invasion by engulfing the
microscopic invaders and then digesting
them. These cells are of two main sorts;
the highly mobile, quickly responsive
but somewhat vulnerable polymorpho-
nuclear leucocytes, and the more rugged
macrophages. Of themselves, however,
the white cells are rather inefficient pro-
tectors. Their effectiveness is enormously
enhanced by another type of defensive
substance: the antibodies, which are
evoked in specific response to invasion
by particular parasites.

The antibodies, produced by the lym-
phoid tissues, are of two kinds. The anti-
bacterial (or antiviral) antibodies com-
bine with specific components of the
bacterial (or virus) surface, producing
a new surface about which the white
cells can spread and so more readily en-
gulf the parasite. These antibodies also
reinforce the antibacterial action of the
complement substances in the blood.
The second type, the antitoxic anti-
bodies, neutralizes the toxins chemically,
without the intervention of the white
blood cells. Antibodies of both types are
so specific in their chemical architecture
that they will combine only with the bac-
terial substances that elicit them.

The investigation of the pneumococci
and streptococci yielded many leads to



PHAGE TYPING of staphylococci is performed by testing bacteria
against various types of phage. In each culture dish a different
strain is exposed to phages of Group I and IV (first column, read-
ing from left), Group 11 (second column), Group 111 (third and

guide present efforts to amplify the
body’s defense against staphylococcal in-
fection. In the prevention and therapy of
pneumococcalinfection, for example, we
know that the antibacterial antibodies
play the decisive role. These have the
power to combine specifically with the
carbohydrate capsules which enclose the
parasite cells and thus prepare them for
ingestion by the white cells. Injection of
minute amounts of pure capsular mate-
rial extracted from cultures of the invad-
ing strain evokes the production of the
corresponding antibody. Similarly, the
antibody specific to a protein on the sur-
tace of an important and virulent strain
of streptococci provides protection
against this parasite. In tuberculosis, re-
sistance seems to depend on an increase
in the capacity of the macrophages to
destroy tubercle bacilli after they have
been ingested. Vaccination with a living
but harmless strain of tubercle bacilli,
the B.C.G. strain, induces a self-limiting
infection which confers immunity. The
B.C.G. vaccine has now been adminis-
tered to some 90 million persons around
the world. Antitoxic antibodies confer
immunity to diphtheria and tetanus.
They can be evoked by inoculation with
toxins that have been rendered harmless
by treatment with formaldehyde; these
“toxoids” carry unchanged their capaci-
ty to elicit the specific antibodies.

Are any of these procedures applica-
ble to staphylococcal infection? Should
we vaccinate with killed staphylococci,
staphylococcal capsular substance, cell
walls, or toxoid? Can we find among
these alternatives an effective immuniz-
ing or therapeutic agent? We do not
know enough about how the staphylo-
cocci inflict injury or how the body de-
fends itself against them to proceed di-

rectly with vaccination or serum thera-
py. These organisms have become a se-
rious challenge at a time when studies
of immune relationships of infective bac-
teria have been allowed to lapse. Must
we continue to rely, as at present, on
antibiotics, with all the attendant diffi-
culties and inadequacies? It goes with-
out saying that major efforts are being
devoted to countering the ever-changing
sensitivity and resistance of staphylo-
cocci to antibiotics.

Staphylococci possess an  extraordi-
nary armamentarium of offensive factors.
Disease-producing strains elaborate sev-
eral different kinds of “hemolysins,” sub-
stances capable of destroying the red
blood cells; they also produce leucoci-
din, which injures the white blood cells,
and hyaluronidase, an enzyme which
can dissolve the intercellular cement of
the tissues to aid the spread of the in-
vaders. And most of the staphylococci
currently causing infections produce
penicillinase, an enzyme which destroys
penicillin.

In addition, the strains harmful to
man almost all produce substances
called coagulases, which interact with
the blood-clotting mechanism to coagu-
late plasma. One of these apparently
acts upon prothrombin; another, bound
to the surface of the staphylococcal cell,
can react with fibrinogen to produce fi-
brin. There is evidence that the posses-
sion of coagulase makes it possible for
these strains to grow in human serum
and to survive inside rabbit white cells
after being engulfed. Coagulase produc-
tion thus provides a useful method for
identifying potentially infectious strains,
but we do not know as yet whether the
presence of coagulase is significant in
infection or merely incidental.
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fourth columns), and phages of miscellaneous type (fifth column).
Whitish circles in cultures where bacteria did not grow identify
the strains as susceptible to phage of Group III in the dish at
left, Group I in center dish and Group II in the dish at right.

According to reports in the literature,
staphylococci under certain conditions
may have extracellular capsules. It is
worth investigating to determine wheth-
er this capsular material might be used
for immunization.

W7hat can be done by the intelligent

public to help in this situation? The
hospitals are hard-pressed on many
fronts. Diagnosis and treatment have
been undergoing great and rapid elabo-
ration, at a large increase in cost. Nurses
and, in many hospitals, interns and resi-
dents are in short supply. In conse-
quence of all this most hospitals now
operate in the red. The return to meticu-
lous asepsis and antisepsis and the many
precautions essential to good housekeep-
ing in hospitals are costly in time, effort
and money. More adequate financial
support by the public for its hospitals
could be very helpful indeed.

Congress has appropriated $1 million
for staphylococcal research through Na-
tional Institutes of Health research
grants, and with an appropriation of
$325,000 for the current fiscal year the
Public Health Service is expanding its
services and investigations relating to
staphylococcal disease at the Communi-
cable Disease Center in Georgia. Our
present ignorance in this significant area
of medicine cannot, however, be dissi-
pated in a few years by the work of a
few investigators. Nor can we at this
time predict the outcome of the extraor-
dinary struggle for survival of a versatile
microorganism against the efforts of an
aroused medical profession. But sus-
tained effort on a broad front will reap
rewards measured in terms of deepening
scientific insight and of increased se-
curity of health for everyone.
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DYING STARS

The white dwarfs, with their thermonuclear fires long since

extinguished, are cooling down to the temperature of space.

Thev are a portent of the inexorable fate of all other stars

ere and there among the tens of
H thousands of stars in the nearby
regions of our galaxy are a few
hundred whose fires have gone out. Once
they burned as brilliantly as any we now
see in the sky. Some had the “normal”
size and brightness of the sun; some
were giants, with many times the sun’s
diameter and brightness. Now these stars
are approaching the end of the road.
They have exhausted their fuel. The in-
ward pull of gravity, no longer opposed
by the outward push of pressure gen-
erated by heat within, has shrunk their
diameters to a tinyfraction of stellar size,

PARTICLES

by Jesse 1.. Greenstein

to that of the earth and even smaller,
compressing their huge masses to un-
imaginable densities of many tons per
cubic inch. In their fading light, detecta-
ble only by the instruments and tech-
niques of modern astronomy, they are
radiating the heat still left from the past
out into the cold reaches of space

We call these stars “white dwarfs.”
They hold clues to many interesting
questions of astrophysics. Until recent-
ly, however, much of what we “knew”
about them was the fruit of theoretical
speculation. They comprise some 3 per
cent of all the stars in our galaxy and so

...

FERMI THRESHOLD

MOMENTUM

MOMENTUM OF PARTICLES in a “perfect” gas (solid line) follows the bell curve of
random distribution. In a “degenerate” gas (broken line), the curve shows fewer low-mo-
mentum states available. Only the few particles above the Fermi threshold move at random.
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must be rated a common type. Yet their
luminosities are so low that only a few
hundred have been tentatively identified
and only 80 observed in any detail.
Study of their color and the lines de-
tectable in their spectra is vielding new
insight into the synthesis of elements in
younger stars. Their densities represent
states of matter which we can hardly
think of duplicating in terrestrial labora-
tories. But the white dwarfs have a more
general significance. They are a portent.
They show us that the laws of thermo-
dynamics, which circumscribe events on
the minuscule scale of our planet, hold
also as the inexorable plan of the life
history of the stars.

_\n irreverent physicist once rephrased
+ X the laws of thermodynamics to read:
(1) you can’t win, (2) you can’t even
break even, (3) things are going to get
worse before they get better and (4)
who says things are going to get better?

When it is applied to stellar processes,
the first law reminds us that stars do not
create energy, but only convert energy
from one form to an equivalent quantity
of another form; that is, they convert to
radiant energy the energy contained in
their gravitational potential and in that
fraction of their mass which is consumed
in thermonuclear reactions. They can
never produce more energy than they
start out with. In a steady-state star,
with a stable balance between its gravi-
tational contraction and the pressure
generated by the heat within, the ex-
penditure of thermonuclear energy can
go on for a long time—10 billion years
in the case of the sun.

But the second law reminds us that
this cannot go on forever. A star can
never recapture the energy it wastes
into the sink of space; its life history is
irreversible. As it uses up the hydrogen
that comprises the bulk of its substance,



the thermonuclear furnace begins to fal-
ter. Gravitational contraction restores
the equilibrium, converting potential en-
ergy into thermal energy. But contrac-
tion raises the density of the star, and
the new balance between gas pressure,
heat transfer, energy production and ra-
diation loss changes the internal struc-
ture. The star brightens, its outer enve-
lope grows larger, and stellar “evolution”
begins—earlier in the life of brighter
stars, later in that of the fainter ones.

As the star enters the last phase of its
existence it shrinks to the final, stable
configuration of a white dwarf. The third
and fourth laws of thermodynamics now
assume increasing relevance to its con-
dition. The third law says that the star
will ultimately cool down to the tem-
perature of space, and the fourth law
declares that it will then no longer give
forth light or heat. At this terminal point
the white dwarf becomes a black dwarf.
Since we could not observe black dwarfs,
if there are any, we shall not now give
turther consideration to them. In any
case a star persists as a white dwarf for
billions of years. Its structure and condi-
tion in this phase is what interests us
here.

Matter at white-dwarf density is
strange to contemplate by celestial as
well as terrestrial standards. A star like
the sun has an average density of almost
one gram per cubic centimeter, about
the same as that of water. Astrophysicists
nonetheless find it feasible to deal with
the behavior of solar matter as if it were
a gas, with its particles free to move
about at random. At the high tempera-
tures of the solar interior, hydrogen is
97 per cent ionized; the electrons of
nearly all the hydrogen atoms are
stripped from their nuclei (protons).
This means that the bulky structure of
the hydrogen atom, 10,000 times the
diameter of its constituent particles, is
obliterated. As a result a cubic centi-
meter of ordinary stellar material is
largely empty space. The tiny protons
and electrons are free to move in all di-
rections and at all velocities, just as thev
would in a highly rarefied gas.

In a white dwarf, on the other hand,
a mass on the order of the sun, equal to
332,000 earth masses, may be packed
into a volume no larger than that of the
earth, which has but one millionth the
sun’s volume. The density ascends to
1,000 kilograms per c.c.—more than 15
tons per cubic inch. Even after a white
dwarf has cooled below the temperature
needed for ionization, the atoms remain
dissociated under the crushing pressure
of gravity. The particles are not yet so
tightly packed, however, that their vol-
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“DEGENERATE” GAS (bottom) is contrasted with “perfect” gases, made up of atoms
(top) and ionized particles (center). Space available in gas of normal pressure permits
random motion (broken arrows) to atoms. In an ionized gas, even at the density of a solid,
the obliteration of the structures (shadowed arcs) of all but a few atoms opens up space
to permit random motion of electrons (black) and nuclear particles (color). At the ex-
treme density of a degenerate gas the energy states of most electrons are prescribed at low
momenta (solid arrows). Only the nuclear particles and a few electrons move at random.
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umes overlap; there is still empty space
between them. But because each particle
has only a small volume of space in
which to move, its momentum as well as
its position is prescribed. The exclusion
principle of physics, which rules that no
two particles can occupy the same ener-
gy state, rigidly specifies the coordinates
and motion for all low-momentum states
Since the electrons are the lighter parti-
cles, they have the lowest momenta and
are frozen in space and velocity. Colli-
sions cannot result in arbitrary changes
of momentum, but can only kick the
electrons into unoccupied states. A few
electrons which attain velocities ap-
proaching that of light, above the so-
called Fermi threshold, are still free to
move, as are the nuclear particles [see
illustration on preceding page]. The gas
has entered the “degenerate” state.

\ Je owe to Subrahmanyan Chandra-

sekhar of the Yerkes Observatory a
beautifully complete theory of a self-
gravitating degenerate sphere of gas.
Strangely, according to the theory, the
greater the mass of a white dwarf, the
smaller its radius. This follows, however,
from the degenerate-gas law, which pre-
dicts a gas pressure, for a given density,
sufficient to counteract gravitational
pressure only when the star is greatly
collapsed. The inverse relationship of
mass to radius is not affected, as it is in
other stars, by temperature, luminosity
or energy production. The mass and
hence the radius of a white dwarf is
fixed, in the theory, by the elemental
composition of the star. For stars of each
composition there is an upper limit of
mass. Calculation from the theory shows,
for example, that a white dwarf com-
posed of hydrogen would have a maxi-
mum possible mass 5.5 times that of the
sun. On the other hand, a white dwarf
made up of heavier elements should have
no more than one fourth this mass, or 1.4
solar masses. A more massive star must
lose mass or suffer a catastrophe before
it becomes a white dwarf. We have few
reliable determinations of white-dwarf
masses, but all such determinations lie
well below the theoretical maximum of
1.4 solar masses. This is important con-
firmation for the deduction that these
stars have exhausted their hydrogen, the
principal thermonuclear fuel.

The theoretical picture of the white-
dwarf star, extended by other investiga-
tors, makes it clear that it will always be
difficult to test theory by observation.
The dense degenerate mass of the star is
surrounded by a sharply differentiated
envelope about 65 miles deep; the mate-
rial here is nondegenerate because of the
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RADIUS AND TEMPERATURE of white dwarfs show no correlation. Stars of various radii
occur at all temperatures as indicated by the positions of the letters standing for various
types. This is evidence that dwarf stars cool down without further gravitational contraction.

lower pressure. Superposed on the en-
velope is the atmosphere of the star,
which is only a few hundred feet deep.
This is the only part of the star we can
study spectrographically. What we ob-
serve in the spectra of normal stellar
atmospheres, which are thousands of
miles deep, tells us much about their
surface temperature and composition,
and also a good deal about their interior.
The shrunken atmosphere of a white
dwarf bears small relevance to the inte-
rior and can tell us little about it.

Evry Schatzman of the Institut d’As-
trophysique in Paris has shown that
white dwarfs cannot have the same com-
position at their surface as in their inte-
rior. In the absence of convection the gas
stratifies under the intense gravitational
field. The residual hydrogen is squeezed
to the surface, while the helium and
heavier elements gravitate to the center.
Were it not for electrical forces, the elec-
trons would tend to float on top. The
electrical fields and nuclear forces set up
by the stratification contract the star still
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further and so reduce the maximum pos-
sible mass to 1.25 solar masses.

The fading light that carries off the

heat remaining in their interiors has
given us the location of several hundred
possible white dwarfs. The brightest of
them has a luminosity only .01 that of
the sun; the faintest known dwarf has
only .0001 solar luminosity, so faint that
such stars cannot be observed at dis-
tances greater than 30 light-years. Their
low luminosity, combined with our theo-
retical knowledge of their internal struc-
ture, provides convincing evidence that
they have ceased transforming matter
into energy. At their high densities ther-
monuclear reactions would go on at
enormously high rates, even if tempera-
tures were as low as 10 to 30 million
degrees Kelvin. The reaction rate would
be even further increased by the dense
packing of the electrons, whose negative
charges would partially nullify the mu-
tual repulsion of the nuclei. The only
possible explanation of their low lumi-
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MASS AND RADIUS of white dwarfs show a correlation exactly
opposite to that of normal “main sequence” stars (curve at right).
The latter show increase of radius with increase of mass. White

nosity is that hydrogen must now com-
prise less than .00001 of the mass of a
dwarf star. Reactions involving heavier
elements—such as carbon, oxygen, nitro-
gen and neon—require higher tempera-
tures than are likely to occur, though
helium might react with these in large
concentration at very high densities.
However, another set of theoretical con-
siderations argues against the possibility
of any energy production at all. In a nor-
mal star the thermonuclear reaction-rate
is regulated by feedback; with increase
in temperature the star expands, and the
reaction rate is damped. In a degenerate
gas, on the other hand, pressure is un-
affected by temperature. Local heating
would bring higher temperature and an
increase in the reaction rate. The star, in
consequence, would explode. We must
therefore conclude that the white dwarfs
have substantially exhausted their nu-
clear-energy sources.

Because their luminosity is so low, it
is difficult to obtain detailed information
about other aspects of the dwarf stars

40 ERIDANI C

100,000
RADIUS (KILOMETERS)

trom spectrographic analysis of their
light. Only about 80 such stars have been
studied in detail. With the light-gather-
ing power of the 200-inch Hale telescope
on Palomar Mountain I have observed
50 white-dwarf spectra at a larger scale
than any obtained before.
Spectrographic analysis establishes
with certainty that the white dwarfs are
dwarfs indeed. The derivation of radius
from the spectra is somewhat indirect,
but it is reliable. Both from photoelectric
analysis of the color of the light and
study of the behavior of the absorption
lines we can determine temperature.
From apparent brightness and from in-
dependent measurement of distance, we
establish the true luminosity. By combin-
ing temperature and luminosity, we de-
termine radius. The results are impres-
sively monotonous: the well-determined
radii all lie between 3,000 and 10,000
miles. The constancy of dimension is in
contrast to the range of size in normal
stars, from .1 to 10 times the radius of
the sun (430,000 miles) for “main se-
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dwarfs, in contrast, have smaller radii at higher mass. The smallest
dwarfs have masses which are larger than that of the sun, but these
masses are compressed into volumes smaller than that of the earth.

quence” stars [see illustration on this
page], and on up to 10,000 times for red
giants. The smallest white dwarf known
has an estimated radius of only 2,800
miles, much smaller than the radius of
the earth. This is close to the theoretical
minimum for a star that has exhausted
its hydrogen; the radius indicates a mass
of 1.2 solar masses and a central density
of 150 tons per cubic inch.

One of the most important theoretical
predictions is fulfilled with the finding
that there is no dependence of radius on
surface temperature. The dwarfs we
have observed range in temperature
from 50,000 to 4,000 degrees K. The
hottest is a blue-white star in the earliest
phase of white-dwarf evolution; the
coolest, a faint, reddish-white dwarf. As
plotted in the illustration on the oppo-
site page, stars of the same radius ap-
pear down the full range of temperature.
Since their initial masses may vary, it is
clear that they start with a small spread
of radii at the upper left corner of the
chart and cool off without further gravi-

49



DOUBLE-STAR SYSTEM of Sirius is composed of one of the brightest stars in the sky (A)
and a white-dwarf companion (B). Their orbits around the center of gravity of their system
is shown at top. The motion of the two stars and of the center of gravity of their system with
respect to the earth is indicated by the broken lines running diagonally up this diagram.
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tational contraction downward and to
the right in straight lines.

Unfortunately it is impossible to match

these measurements of radius to
equally reliable observational determina-
tions of mass. Newton’s laws can give
the masses from observed orbital motion
only in the case of those stars that are
members of multiple systems. Three
such dwarfs are known. For two of them,
Sirius B and Procyon B, the masses are
reliably established at 1 and .65 solar
mass respectively. But their major com-
panions, Sirius A and Procyon A, are
so bright and so close that the spectro-
graphic plate cannot register an uncon-
taminated picture of either of these two
dwarfs. As a result it is still impossible
to measure their radii.

The best-known white-dwarf member
of a multiple system belongs to a three-
star group: 40 Eridani. Here, fortu-
nately, the distances between stars are
wide enough so that good spectra can
be obtained, and yet close enough for
orbital motion to give reliable measure-
ments of mass. From analysis of the
spectrum, I have derived a radius of
6,500 miles, .016 of the solar radius;
gravitational measurements establish the
mass at .45 solar mass. Calculation from
the theoretical mass-radius relationship
yields a mass of .39 solar mass, satis-
factorily close to observation. Thus, at
least in the case of the single star that
permits complete test by observation, the
well-articulated theory of white dwarfs
finds solid support.

The spectra of the white dwarfs also
confirm in a general way the theoretical
prediction of their elemental composi-
tion. One type either shows no hydro-
gen lines at all, or has hydrogen lines
which indicate the presence of relatively
tiny residual quantities of hydrogen.
Compared to the spectra of normal stars,
in which hydrogen lines are universally
strong, this anomaly would be enough
to identify the dwarfs as a genus apart.
The spectra of the commonest type of
white dwarf (Type A), however, show
only the residual hydrogen and no heavy
elements. Here, apparently, gravitational
forces have pulled all of the heavier ele-
ments, even helium, out of the atmos-
phere and squeezed the hydrogen to the
surface. In dwarfs with surface tempera-
tures below 8,000 degrees, the hydrogen
lines vanish completely, and we see only
a few lines due to metallic elements. Ross
640 is such a star [see illustration on
page 53]; it is still hot enough to show
hydrogen lines if any hydrogen were
present. In general the spectra of white
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DWARF STAR IN SIRIUS traces the orbit shown here with respect
to the large primary star of this double-star system. The dates give
the location of the dwarf in its orbit through the second half of this
century. Its close approach to the primary star in recent years has
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made it impossible to secure spectrographic images uncontaminated
by the light flooding from the 100-times brighter primary star. As
the dwarf star approaches the apogee of its orbit during the next 20
years, it may be possible for astronomers to secure better spectra.

® 0O

TRIPLE-STAR SYSTEM in constellation Eridanus is composed of
a bright primary normal star (A), a faint late-type star (C) and
a white dwarf (B), which appear in the relative positions, but not
to the scale, indicated by the small spheres at the top of this dia-

gram. The relative diameters of the three stars are shown across the
bottom of diagram, star A (at left) having a radius .9 that of our
sun; star C (second from left) having a radius .4 that of the sun;
and the dwarf having a radius .017 that of the sun, or 7,000 miles.
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ANOMALOUS SPECTRUM of a white dwarf shows no absorption
lines, but does show diffuse bands of absorption at points not asso-

dwarfs reflect little of the regular corre-
lation between line characteristics and
temperature found in normal stars. The
varied compositions of their atmospheres
therefore may be taken as evidence of
their evolutionary history. From the
spectrum of Ross 640 we can deduce
that this star and other stars like it turned
to synthesizing heavy elements from he-
lium after exhausting their hydrogen.
The redder and still fainter star called
van Maanen 2 (VMa2) is the coolest so
far subjected to detailed spectrographic
analysis. Its peculiar spectrum [see illus-
tration on opposite page] indicates that
this star began as a metal-poor member
of the long-lived, stable Population II
family. Since its present low luminosity
gives this star an age of four billion years
in the white-dwarf phase alone, van
Maanen 2 must have lived out its entire
life as a brilliant star before the sun and
the earth were formed. In a still fainter,
cooler and more ancient star, no lines
have yet been detected with certainty.
_\ spectrum without absorption lines
+ X might seem to be of academic inter-
est to astrophysicists, who employ these
lines as the tools of their trade. But we
have spent many nights observing and
many months of analysis to establish the
real absence of lines in six white-dwarf
spectra. Subjected to the most sensitive
photoelectric inspection yet possible, the
plates show no line, band or absorption
depression as deep as 5 per cent. There
are a number of possible explanations.
Perhaps the most satisfactory will be
found upon closer inspection of lines that
do appear in other white-dwarf spectra.
The extreme broadening and attenuation
of the hydrogen lines in some spectra
helps to make the complete disappear-
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ance of lines at very high pressure more
understandable. Such broadening of
lines is caused by random electric fields
and by collisions between charged par-
ticles. In the van Maanen 2 spectrum
Volker Weidemann of the Bundesanstalt
in Braunschweig, who has been working
with us on a grant from the Air Force
Office of Scientific Research, has found
lines of iron, magnesium and cal-
cium broadened in a way that indicates
a rate of particle collision 10,000 times
that observed in the sun. He estimates a
pressure of 2,000 atmospheres in this pe-
culiar atmosphere—dense enough for
some molecules to form. But though
metal lines may be thus broadened, it is
surprising that they should disappear en-
tirely, as they do in the six spectra that
show no lines at all.

To compound the mystery we have
come upon several spectra with diffuse,
shallow bands that cannot be related to
any established laboratory spectral line;
the photoelectric tracing of a plate made
for one of these is shown at the top of
these two pages. These bands may orig-
imate from molecules or unstable free
radicals under unusual conditions of
temperature and pressure. How atoms
behave in the strange environment of
the white-dwarf atmosphere is not yet
known.

Our generation has seen at least one
star arrive at the end of the evolutionary
road and become a white dwarf. The
recurrent nova, WZ Sagittae, which ex-
ploded in 1913, exploded again in 1946,
brightening about 1,000 times. Its
brightness is now about .01 that of the
sun, and its spectrum resembles that of
white dwarfs in everything but the pres-
ence of superposed emission lines. These
lines are presumably due to the contin-
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ciated with any familiar elements or compounds. The spectrum has
here been analyzed by a sensitive photoelectric device which meas-

ued ejection of hot material. WZ Sagit-
tae demonstrates one, though not the
only, process by which stars may lose
their mass and make the transition to
the final stage in their history.

As living things live and die in count-
less ways, so stars have many possible
evolutionary histories and deaths. When
we have learned to read the spectra of
white dwarfs better, we may see what
paths they have traveled. Their faint
light may give us evidence which will
show what processes went on during ages
past in their thermonuclear furnaces.

A white dwarf takes a long time dying.
Its light bespeaks the slow leakage of
heat from its interior down the tempera-
ture gradient set up by the conductive
opacity of the degenerate gas. The ther-
mal energy is contained only in the non-
degenerate nuclei and the few electrons
above the Fermi threshold. Though the
initial temperature may be high, this
thermal energy is all that is available
throughout the entire dying stage. But
as the star cools and its luminosity fades,
the temperature gradient also declines.
The dissipation of energy therewith
slows down, and the time scale of evolu-
tion toward lower luminosity is greatly
extended. According to Martin Schwarz-
schild of the Princeton Observatory, a
white dwarf composed mainly of helium
takes three billion years to cool from its
initial blue-white stage down to a sur-
face temperature of 7,000 degrees in the
yellow-white stage. From yellow down
to the 4,000 degrees of the faintest
known red-white dwarf, it takes another
five billion years. But 4,000 degrees is
still red-hot. From red to infrared, the
star will fade over fantastic spans of
time, large compared to any present es-
timate of the age of our galaxy.
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ures the density of the photographic plate from point to point. Only
the deep absorption band at 4135 angstroms wavelength is visible

The fall in temperature brings the de-
generate gas phase ever nearer to the
surface. The nondegenerate electrons be-
come scarcer and, at a very low tempera-
ture, even the nuclei become degenerate.
When all the nuclear particles and elec-
trons have occupied the lowest possible
energy states, radiation ceases and the
star becomes a giant “molecule.” This
is the end of the irreversible process of
evolution—proof of the fourth law of
thermodynamics. There are, however, no
black dwarfs in our galaxy; it is as yet
too young.
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DWARF STAR SPECTRA of various types (identified by initials
at far left) show absorption lines for only a few elements (identi-
fied by initials in second column at left). The individual stars are
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On the one-way track described here,
all stars eventually fade to extinction.
How will the sky look after our sun’s
evolution is complete, and our dead
planets circulate about a dying star? In
about seven billion years the sun will be a
hot and very blue-white dwarf, too small
to show a disk to the unaided eye on
earth. The earth’s temperature will be
about 300 degrees below zero Fahren-
heit. The sky at night will no longer be
filled with stars, since star formation will
have ended, and the high-luminosity
stars that comprise our constellations will
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to the eye on the spectrographic plate. The absorption bands may
be due to presence of elements or free radicals under high pressure.

long ago have disappeared. Probably no
star will be visible, except for an occa-
sional faint, red normal main-sequence
star that passes by chance near our dy-
ing system; such stars are so faint that
their nuclear energy suflices for thou-
sands of billions of years. Although the
formerly bright stars will have become
white dwarfs, they will all be too faint
to be seen, and black night will reign
supreme. Yet close to one of the faint
red stars life might exist on other
planets, in forms and for ages unimagi-
nable to us.

HZ 29

11573-31

1970-30

1532-81

ROSS 627

ROSS 640

identified by their code numbers at right. The spectrum at bottom
is the reference spectrum of helium and hydrogen. Absorption lines
of Type A dwarfs are characteristically diffuse and broadened.
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The Microcirculation of the Blood

The primary purpose of the circulatorv svstem is serced by the

microscopic vessels in which the blood flows from the arteries

to the veins and thereby nourishes all the tissues of the body

hen we think of the circulatory
system, the words that first oc-
cur to us are heart, artery and

vein. We tend to forget the microscopic
vessels in which the blood flows from
the arteries to the veins. Yet it is the
microcirculation which serves the pri-
mary purpose of the circulatory system:
to convey to the cells of the body the
substances needed for their metabolism
and regulation, to carry away their prod-
ucts—in short, to maintain the environ-
ment in which the cells can exist and
perform their interrelated tasks. From
this point of view the heart and the

by Benjamin W. Zweifach

larger blood vessels are merely secondary
plumbing to convey blood to the micro-
circulation.

To be sure, the entire circulatory sys-
tem is centered on the heart. The two
chambers of the right side of the heart
pump blood to the lungs, where it is
oxygenated and returned to the cham-
bers of the left side of the heart. Thence
the blood is pumped into the aorta,
which branches like a tree into smaller
and smaller arteries. The smallest twigs
of the arterial system are the arterioles,
which are too small to be seen with the
unaided eye. It is here that the micro-

CAPILLARY from a cat’s leg muscle is shown in cross section hy this electron micrograph,
which enlarges the structure some 20,000 diameters. The band running around the picture
is the wall of the capillary. The large, dark object in the center is a single red blood cell.
The micrograph was made by George D. Pappas and M. H. Ross of Columbia University.
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circulation begins. The arterioles in turn
branch into the capillaries, which are
still smaller. From the capillaries the

lood flows into the microscopic tribu-
taries of the venous system: the venules.
Then it departs from the microcircula-
tion and is returned by the tree. of the
venous system to the chambers in the
right side of the heart.

The vessels of the microcirculation
permeate every tissue of the body; they
are never more than .005 inch from any
cell. The capillaries themselves are
about .0007 inch in diameter. To give
the reader an idea of what this dimen-
sion means, it would take one cubic
centimeter of blood (about 14 drops)
trom five to seven hours to pass through
a capillary. Yet so large is the number
of capillaries in the human body that
the heart can pump all the blood in the
body (about 5,000 cubic centimeters in
an adult) through them in a few min-
utes. The total length of the capillaries
in the body is almost 60,000 miles.
Taken together, the capillaries comprise
the body’s largest organ; their total bulk
is more than twice that of the liver.

If all the capillaries were open at one
time, they would contain all of the blood
in the body. Obviously this does not hap-
pen under normal circumstances, where-
by hangs the principal theme of this
article. How is it that the flow of blood
through the capillaries can be regulated
so as to meet the varying needs of all
the tissues, and yet not interfere with
the efficiency of the circulatory system as
a whole?

It was William Harvey, physician to
Charles I of England, who first demon-
strated that the blood flows continuously
from the arterial system to the venous.
In 1661, 33 years after Harvey had pub-
lished his famous work De Motu Cordis
(Concerning the Motion of the Heart),
the Italian anatomist Marcello Malpighi
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TYPICAL CAPILLARY BED is depicted in this drawing. The
blood flows into the bed through an arteriole (A) and out of it
through a venule (B). Between the arteriole and the venule the
blood passes through thoroughfare channels (C). From these chan-
nels it passes into the capillaries proper (D), which then return it
to the channels. The arteriole and venule are wrapped with muscle
cells; in the thoroughfare channels the muscle cells thin out. The

capillaries proper have no muscle cells at all. The flow of blood
from a thoroughfare channel into a capillary is regulated by a ring
of muscle called a precapillary sphincter (E). The black lines on
the surface of the arteriole, venule and thoroughfare channels are
nerve fibers leading to muscle cells. At lower left, between the arte-
riole and venule, is a channel which in many tissues shunts blood
directly from the arterial system to the venous when necessary.
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PULMONARY CAPILLARIES

NIIA AVNOWINd

PULMONARY ARTERY

RIGHT ¢
HEART

CAPILLARIES
OF BODY AND ORGANS

CIRCULATORY SYSTEM is schematically
outlined. The blood is pumped by the right
heart through the pulmonary artery into the
capillaries of the lungs. It returns from the
lungs through the pulmonary vein to the
left heart, which pumps it through the ar-
teries to the capillaries of the internal or-
gans and of the rest of the body. It finally re-
turns to the right heart through the veins.
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first observed through his crude micro-
scope the fine conduits which link the
two systems. These vessels were named
capillaries after the Latin word capillus,
meaning hair. Since Malpighi’s time the
capillaries have been intensively exam-
ined by a host of microscopists. Their
work has established that not all the ves-
sels in the network lying between the
arterioles and the venules are the same.
Indeed, we must regard the network as
a system of interrelated parts. Hence it
is preferable to think not of capillaries
but of a functional unit called the cap-
illary bed.

The capillary bed, unlike muscle or

liver or kidney, cannot be removed
from an experimental animal and studied
as an intact unit outside the body of the
animal. By their very nature the capil-
laries are interwoven with other tissues.
It is possible, however, to examine the
capillary bed in a living animal. For
example, one can open the abdomen of
an anesthetized rat and carefully expose
a thin sheet of mesentery: the tissue that
attaches the intestine to the wall of the
abdominal cavity. In this transparent
sheet the capillary bed is displayed in
almost diagrammatic form.

The tube of a capillary is made of a
single layer of flat cells resembling ir-
regular stones fitted together in a smooth
pavement. The wall of the tube is so thin
that even when it is viewed edge-on at a
magnification of 1,000 diameters it is
visible only as a line. When the wall is
magnified in the electron microscope, it
may be seen that the wall is less than
.0001 inch thick. This so-called endo-
thelium not only forms the walls of the
capillaries but also lines the larger blood
vessels and the heart, so that all the
blood in the body is contained in a sin-
gle envelope.

In a large blood vessel the tube of
endothelium is sheathed in fibrous tis-
sue interwoven with muscle. The fibrous
tissue imparts to the vessel a certain
amount of elasticity. The muscle is of
the “smooth” type, characterized by its
ability to contract slowly and sustain its
contraction. The muscle cells are long
and tapered at both ends; they coil
around the vessel. In the tiny arterioles,
in fact, a single muscle cell may wrap
around the vessel two or three times.
When the muscle contracts, the bore of
the vessel narrows; when the muscle re-
laxes, the bore widens.

The muscular sheath of the larger
blood vessels does not continue into the
capillary bed. Yet as early as the latter
part of the 19th-century experimental

© 1958 SCIENTIFIC AMERICAN, INC

physiologists reported that the smallest
blood vessels could change their diame-
ter. Moreover, when the flow of blood
through the capillary bed of a living ani-
mal is observed under the microscope,
the pattern of flow constantly changes.
At one moment blood flows through one
part of the network; a few minutes later
that part is shut off and blood flows
through another part. In some capillaries
the flow even reverses. Throughout this
ebb and flow, however, blood passes
steadily through certain thoroughfares
of the capillary bed.

If the capillaries have no muscles, how
is the flow controlled? Some investiga-
tors suggested that although the endo-
thelium of the capillaries was not true
muscle, it could nonetheless contract.
Indeed, it was demonstrated that in
many lower animals blood vessels con-
sisting only of endothelium contract and
relax in a regular rhythm. However, con-
tractile movements of this kind have not
been observed in mammals.

Another explanation was advanced by
Charles Rouget, a French histologist. He
had discovered peculiar star-shaped
cells, each of which was wrapped around
a capillary, and he assumed that they
were primitive muscle cells which
opened and closed the capillaries. Many
investigators agreed with him, among
them the Danish physiologist August
Krogh, who in 1920 won a Nobel prize
for his work on the capillary system. It
was not possible, however, to prove or
disprove the contractile function of the
Rouget cells by simple observation.

here the matter rested until methods
were developed for performing mi-
crosurgical operations on single cells
[see “Microsurgery,” by M. ]. Kopac;
ScientiFic AMERICAN, October, 1950].
Now it was possible to probe the cell
with extremely fine needles, pipettes and
electrodes. Microsurgery established that
in mammals neither the capillary endo-
thelium nor the Rouget cells could con-
trol the circulation by contraction. The
endothelium did not contract when it
was stimulated by a microneedle, or by
the application with a micropipette of
substances that cause larger blood ves-
sels to contract. When one of the star-
shaped Rouget cells was stimulated, it
became thicker but did not occlude
the capillary. When the same stimulus
was applied to the recognizable muscle
cell of an arteriole, on the other hand,
the cell contracted and the arteriole was
narrowed.
The microsurgical experiments estab-
lished an even more significant fact: not



MESENTERY of a rat is photographed at various magnifications
to show the characteristic structures of the microcirculation. The
drawings at right label the structures. The magnification of the
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all the vessels in the capillary bed en-
tirely lack muscle. For example, if epi-
nephrine, which causes larger blood ves-
sels to contract, is injected into the capil-
lary bed with a micropipette, some of
the vessels in the bed become narrower.
Even when no stimulating substances
are added, the same vessels open and
close with the ebb and flow of blood in
the capillary bed. It is these vessels,
moreover, through which the blood
flows steadily from the arterial to the
venous system.

So the arterial system, with its mus-
cular vessels, does not end at the capil-
lary bed. The blood is continuously un-
der muscular control as it flows into the
venous system. To be sure, the muscle
cells along the thoroughfare are sparsely
distributed. As the arterial tree branches
into the tissues the muscular sheath of
the endothelium becomes thinner and
thinner until in the smallest arterioles it
is only one cell thick. In the thorough-
fare channel of the capillary bed the
muscle cells are spaced so far apart that
the channel is almost indistinguishable
from the true capillaries. The major por-
tion of the capillary network arises as
abrupt side branches of the thoroughfare
channels, and at the point where each
of the branches leaves a thoroughfare
channel there is a prominent muscle
structure: the muscle cells form a ring
around the entrance to the capillary. It is
this ring, or precapillary sphincter,
which acts as a floodgate to control the

ARTERY

ARTERIOLE

WALLS OF BLOOD VESSELS of various kinds reflect their various functions. The wall of
an artery consists of a single layer of endothelial cells sheathed in several layers of muscle
cells interwoven with fibrous tissue. The wall of an arteriole consists of a single layer of

flow of blood into the capillary network
from the thoroughfare channel.

The muscular specialization of the cir-
culatory system is illuminated by its em-
bryonic development. In the early em-
bryo the circulatory system is a network
of endothelial tubes through which the
primitive blood cells flow in an erratic
tashion. The tubes are at first just large
enough to pass the blood cells in single
file. Attached to the outer wall of the
tubes are numerous star-shaped cells
which have wandered in from the sur-
rounding tissue.

As the development of the embryo
proceeds, those tubes through which the
blood flows most rapidly are transformed
into heavy-walled arteries and veins. In
the process the star-shaped cells evolve
through several stages into typical mus-
cle cells. The outer reaches of the adult

circulatory system possess a graded se-
ries of muscle-cell types, which are a
direct representation of this develop-
mental process. Thus the star-shaped
cells of the capillary bed—the Rouget
cells—are primitive muscle elements
which have no contractile function.

From this point of view the capillary
bed can be considered the immature
part of the circulatory system. Like em-
bryonic tissue, it has the capacity for
growth, which it exhibits in response to
injury. It also ages to some extent, and
ultimately becomes less capable of deal-
ing with the diversified demands of the
tissue cells.

W,’hen we put these various facts to-

gether, we see the capillary bed not
as a simple web of vessels between the
arterial and venous systems, but as a

MUSCLE FIBER is richly supplied with capillaries. Lying atop
this dissected muscle fiber are two blood vessels, the smaller of
which is an artery and the larger a vein. Most of the capillaries run
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parallel to the fibrils which make up the fiber. The vessels which
cut across two or more capillaries are thoroughfare channels. The
system is shown in cross section at the right end of the drawing.



CAPILLARY

endothelial cells sheathed in a single layer of muscle cells. The
wall of a capillary consists only of a single layer of endothelial
cells. The wall of a venule consists of endothelial cells sheathed

physiological unit with two specialized
components. One component is the
thoroughfare channel, into which blood
flows from the arteriole. The other is the
true capillaries, which form a secondary
network connected to the thoroughfare
channel. The precapillary sphincters
along the channel open and close pe-
riodically, irrigating first one part of the
capillary network, then another part.
When the sphincters are closed, the
blood is restricted to the thoroughfare
channel in its movement toward the ve-
nous system.

The structure of the physiological unit
varies from one tissue to another in ac-
cordance with the characteristic needs
of the tissues. For example, striated mus-
cle, which unlike the smooth muscle of
the blood vessels and other organs con-
tracts rapidly and is under voluntary
control, requires over 10 times more
blood when it is active than when it is
at rest. To meet this wide range of needs
each thoroughfare channel in striated
muscle gives rise to as many as 20 or 30
true capillaries. Glandular tissues, on the
other hand, require only a steady trickle
of blood, and each of their thoroughfare
channels may give rise to as few as one
or two capillaries. In the skin, which
shields the body from its outer environ-
ment, there are special shunts through
which blood can pass directly from the
arteries to the veins with minimum loss
of heat. Still other tissues require spe-
cialized capillary beds. The capillary
beds of all the tissues, however, have
the same basic feature: a central channel
whose muscle cells control the flow of
blood into the true capillaries.

But what controls the muscle cells? To
answer this question we must draw a
distinction between the control of the
larger blood vessels and the control of
the microcirculation. The muscle cells of
the arteries and veins are made to con-
tract and relax by two agencies: (1) the
nervous system and (2) chemical “mes-
sengers” in the blood. These influences

VENULE

not only cause the vessels to constrict
and dilate but also keep the muscle cells
in a state of partial contraction. This
muscle “tone” maintains the elasticity of
the vessels, which assists the heart in
maintaining the blood pressure. The op-
eration of the system as a whole is super-
vised by special regulatory centers in
the brain, working in collaboration with
sensory monitoring stations strategically
located in important vessels.

In the capillary bed, on the other
hand, the role of the nervous system is
much less significant. Most of the muscle
cells in the capillary bed have no direct
nerve connections at all. A further cir-
cumstance sets the response of the mi-
croscopic vessels apart from that of the
larger vessels. Whereas the muscle cells
of the large vessels are isolated from the
surrounding tissues in the thick walls of
the vessels, the muscle cells of the arte-
rioles and the thoroughfare channels are
immersed in the environment of the very
tissues which they supply with blood.
This feature introduces another chemi-
cal regulatory mechanism: the continu-
ous presence of substances liberated
locally by the tissue cells. As a conse-
quence the contraction and relaxation
of muscle cells in the microcirculation
are under the joint control of messenger
substances in the blood and specific
chemical products of tissue metabolism.

’1’he chemical substances that influ-
ence the function of the blood-vessel
muscle cells comprise a subtly orches-
trated system which is still imperfectly
understood. Among the more important
messengers are those released into the
bloodstream by the cortex of the adrenal
gland. These corticosteroids are essential
to all cells in the body, notably main-
taining the cells’ internal balance of
water and salts. (They have also been
used with spectacular results in the
treatment of degenerative diseases such
as arthritis.) When the corticosteroids
are deficient or absent, the muscles of
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in fibrous tissue. The wall of a vein consists of endothelial cells
sheathed in fibrous tissue and a thin layer of muscle cells. Thus
a layer of endothelial cells lines the entire circulatory system.

the blood vessels lose their tone and the
circulation collapses.

Another substance of profound impor-
tance to the circulatory system is epi-
nephrine, which is secreted by the core
of the adrenal gland (as distinct from
its cortex). Epinephrine is cne of two
principal members of a family of sub-
stances called amines; the other princi-
pal member is norepinephrine, which is
released both by the adrenal gland and
by the endings of nerves in the muscles.
All the amines cause the contraction of
the muscle cells of the blood vessels,
with the exception of certain vessels
such as the coronary arteries of the heart.
Also liberated at the nerve endings is
acetylcholine, the effect of which is di-
rectly opposite that of the amines: it
causes muscle cells to relax.

Many workers have suggested that it
is norepinephrine and acetylcholine
which control the flow of blood through
the small vessels. Our own work at the
New York University—Bellevue Medical
Center leads us to conclude that such an
explanation is too simple. The mecha-
nism could not by itself account for the
behavior of the small vessels.

In our view the function of the mus-
cle cells of the small vessels is regulated
not only by substances that directly
cause them to contract and relax, but
also by other substances that simply
modify the capacity of the cells to react
to stimuli and do work. It is known that
a wide variety of substances extracted
from tissues cause the small vessels
to dilate. We postulate that when the
metabolism of tissue cells is accelerated,
the cells produce substances of this sort.
When such substances accumulate in the
vicinity of a precapillary sphincter, they
depress the capacity of its muscle cells
to respond to stimuli. As a result the
sphincter relaxes, and blood flows from
the thoroughfare channel into the capil-
lary which nourishes the tissue.

The reaction limits itself, because the
blood flow increases to the point where
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it is sufficient to meet the nutritional re-
quirements of the tissue cells. This leads
to a gradual disappearance of the sub-
stances liberated by accelerated metabo-
lism, and to a gradual lessening of the
inhibition of the precapillary sphincter.
As the muscle cells regain their tone, the
sphincter shuts off the capillary.

he muscle cells of the arterioles and

the capillary bed are extraordinarily
sensitive to chemical stimuli, so sensitive
that they respond to as little as a hun-
dredth of the amount of substance re-
uired to constrict or dilate a large blood
vessel. This sensitivity is dramatically
demonstrated by microsurgical experi-
ments on the capillary bed of a living
rat. As little as .000000001 gram (.001

microgram) of epinephrine, injected in-
to the capillary bed by means of a micro-
pipette, is sufficient to close its capillary
sphincters completely. Such substances
reduce the flow of blood through the
capillary bed by an orderly sequence of
events: first the precapillary sphincters
are narrowed, then the thoroughfare
channels, then the arterioles, and finally
the venules. Substances that cause the
blood vessels to dilate, such as acetyl-
choline, set in motion a similar sequence:
first the precapillary sphincters are
opened, then the thoroughfare channels,
and so on. The sensitivity of the arte-
rioles and the capillary bed to such stim-
uli contributes to their independent be-
havior. An amount of substance sufficient
to cause dramatic changes in the micro-

CAPILLARY BEDS OF TWO TISSUES in a living rat are enlarged 200 diameters in these
photomicrographs. At top is the capillary bed of a striated muscle; the capillaries run
parallel to underlying muscle fibers. At bottom are capillaries in the surface of intestine.
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circulation simply has no eftect on the
larger vessels.

The tone of the muscle cells of the
microcirculation may well be maintained
by norepinephrine continuously dis-
charged from the nerve endings, and by
the level of epinephrine circulating in
the blood. Our work indicates that the
tone is also influenced by the local re-
lease of sulfhydryl compounds, which
are key substances in the regulation of
the oxidations conducted by cells. Now
epinephrine and norepinephrine lose
their activity when they are oxidized.
Thus the actual level of these substances
in the vicinity of muscle cells is not only
dependent on their formation but also on
their removal or destruction. Sulthydryl
compounds have been found to reduce
the rate at which epinephrine and norepi-
nephrine are oxidized. In this way the
local release of such compounds could
regulate the tone of smooth muscle.

Recently it has been suggested that
a role in the local control of the micro-
circulation is played by the so-called
mast cells, large numbers of which ad-
join the small blood vessels. Various in-
vestigators have shown that the mast
cells release at least three substances
that strongly affect blood vessels: his-
tamine, serotonin and heparin. It has
been proposed that these substances,
working alone or in certain combina-
tions, are local regulatory factors.

It must be borne in mind that, even
though the control of the microcircula-
tion is largely independent of the rest
of the circulatory system, the small blood
vessels depend upon the nervous con-
trols of the larger blood vessels for the
shifting of blood from one organ to an-
other as it is needed. Obviously the
nervous controls of the larger vessels and
the chemical controls of the microcircu-
lation must be linked in some fashion.
Under normal circumstances tissues that
are inactive are perfused with a minimal
amount of blood to allow the flow to be
diverted to the tissues that need it
most. During shock and acute infections,
on the other hand, the demands of the
tissues may be so great that the circula-
tory system cannot meet them, and the
circulation collapses. In such conditions
the effect of substances released locally
to relax the muscle cells of the capillary
bed has superseded the efforts of the
nervous system to restrict the blood flow
by the release of substances such as
norepinephrine. It is ironic that this
primitive response, in striving to insure
the survival of individual cells, frequent-
ly overtaxes the circulation and brings
about the death of the organism.



Kodak reports on:

finding a trivially named organic in a pedantically named list . . . how much better
x-ray film is getting . . . a device with enormous potentialities for inventiveness

PAN—PAR

Our devotion to Chemical Abstracts
nomenclature for our line of or-
ganic reagents is commendable,
justifiable, and sometimes fatuously
self-sacrificing. We are holier than
most chemical houses. Why, we
know some producers of dyestuffs
very useful in the laboratory who
refuse orders written in the sys-
tematic nomenclature, much less
encourage them!

Between trademarks—which
specify only commercial origin for
merchandise otherwise named as to
kind—and systematic but pedantic
chemical names lies the convenient
middle ground of trivial names
(trivial: three roads, i.e., the fork
where the people meet to chat, get
it?). Some are trademarks aban-
doned by their owners, some are
pronounceable combinations of let-
ters from the systematic name, some
are little amateur ads concocted by
enthusiastic chemists who discov-
ered the uses. (What does PAN
mean? What does PAR mean?)

It has suddenly struck us that a few of
the names neither cross-referenced in our
catalog nor familiar to everybody gab-
bing at the crossroads, should be put in
the hands of every chemist interested
enough to ask. He gets them from Distil-
lation Products Industries, Eastman Or-
ganic Chemicals Department, Rochester
3, N. Y. (Division of Eastman Kodak
Company). To use it the way we want him
to, he must also have a copy of Eastman
Organic Chemicals, List No. 41, which
gives the prices and package sizes for
all the 3700 organics we stock.

They transduce

AA—KK
X-ray film is getting better.

Our fastest kind used to be Kodak
Industrial X-ray Film, Type K. Now
we call it Type KK. The speed has
gone up 50%. A 72-hour exposure
becomes a 48-hour exposure. That’s
for something like a rudder post for
a tanker. You get to sea a day soon-
er. Time is money. So they say. Same
principle applies to uranium fuel ele-
ments. (To Cs!37 gamma rays, 34"
of uranium looks like 4” of steel.)
Type KK is a bit grainier than Type
K. But it has higher contrast. The
gain outweighs the loss. Up goes
“radiographic sensitivity.”* Radi-
ographers can spot smaller voids.

Kodak Industrial X-ray Film,
Type AA beats KK seven ways to
Sunday for ‘radiographic sensi-
tivity.” It’s some slower, though.
As Type A, it used to be a lot
slower. That was a little over a year
ago. It was then the most widely
used x-ray film in industry. Now
it’s more so. That sounds like
tautology. Nevertheless, it makes
us happy. With the higher speed,
inherent contrast has gone up, not
down. Grain’s the same. This is
remarkable.

They can just reduce exposure
time. Even for thinner specimens
than rudder posts, time is money.
So it is said. Or they can cover
more area at a single exposure.

*Ih)on’t trip. “Sensitivity”” doesn’t mean “‘speed”
ere.

We make Kodak Ektron Detectors like these for trans-
ducing a visible or infrared pattern into electrical terms.
The darker material is photoconductive lead sulfide or
lead selenide; the electrodes (actually evaporated gold)
appear grey here. Since we can lay down the photosensi-
tive material in any configuration, enormous poten-
tialities for inventiveness present themselves. Whether
you seize them is entirely up to you. We offer a pam-

for quotation.

phlet, “Kodak Ektron Detectors.” You get it by writing

That’s another way to save time.
Or they can get their usual density
with shorter processing. This like-
wise saves time.

Or they can take the same time
and get more film density. Contrast
and therefore “radiographic sensi-
tivity” improve at higher density.

Or they can get through the speci-
men with less penetrating radiation.
Softer radiation emphasizes density
differences along ray paths of
slightly different absorption. You
want those differences.

Type AA also has less tendency
to desensitization by mechanical
pressure.

Kodak Industrial X-ray Film,
Type M is for maximum detail and
no rush, or else light specimens.
Kodak Industrial X-ray Film, Type F
goes with calcium tungstate screens.
Their fluorescence in the visible in-
tensifies the exposure. In a pinch
that’s sometimes all right.

Don’t worry. You'd get the hang of it
if you had to. Yes, even the radiography
of plutonium hardware, where you're
recording both endogenous and exog-
enous radiation. We'd give you what
advice we could (but very little about
plutonium). You’d write Eastman Kodak
IC\',orgpany, X-ray Division, Rochester 4,

But for goodness’ sake, don’t get
physically involved before finding out
about film badge dosimeters or placing
yourself under the protection of some-
one who knows. For a free (literally)
and easy smattering of that subject and
a bibliography of more substantial fare,
ask for the brand-new pamphlet * Radia-
tion Monitoring.”

Eastman Kodak Company, Special Products Division,
Rochester 4, N. Y. It describes what spectral sensi-
tivities and time constants can be selected and very,
very briefly summarizes the circuitry considerations—a
little rough, perhaps, for persons with casual interest
in this sort of thing. It does tell enough to place an

order for breadboarding purposes or a request

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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Carl G. Paulson,

Diréc'inr of Hayes Research and
Development Group, Reports...

NEW NITROGEN
POTENTIALS

# Assume you face the need for high §
¥ purity nitrogen at a low per-unit s
¥ cost figure. You want to use it as a §
E heat treating atmosphere . . . or as a 2
F-: “blanket” for hydrocarbons or food

3 products . . . or for any one of a
‘q number of industrial applications.§
'How can you bring this safe, inert
:a gas out of the lab and into general 5
'z use without inflating your costs? )

" Our R & D group reasoned that a low ;%
cost generator >
was the loglcal_ﬁ
solution and fol- ~
lowed up and
developed a
completely new
piece of equip-
ment—the C. L.
Hayes “Nitro-
Gen.” This
unique combi-
nation of sta-
tionary retort and cyclical pro-
grammed dryer has cleared the way
for production of 99.99% pure inert
gas at approximately 20c per thou-
sand cubic feet.

The immediate benefits of low cost
nitrogen as a protective heat treat-
ing atmosphere were revealed in ini-
tial metallurgical applications. For
example, test bars of Type 8670
Carbon Steel were subjected to rou-
tine hardening under (1) nitrogen,
(2) dissociated ammonia, and (3)
endothermic gas atmospheres —each
test followed by routine oil quench
and tempering. Hardness results
from these tests proved identical . . .
but a substantial boost in toughness
showed up in the bars treated under
nitrogen. The nitrogen atmosphere
produced 100% greater toughness
according to a transverse break test.

I Safety alone makes nitrogen worthy
~“ of careful consideration. If this non-
'Y combustible gas can be produced eﬁi-
--1 ciently and economically (and we’re
= « doing it!), Hayes Research and
QDevelopment Engineers believe its
! potentlal — in heat treating and in
other “blanketing” operations — is g
virtually unlimited. For further de-

a tails on the new
/VZMG%C‘““"“

“Nitro-Gen” .. . j
\ now being dem-
C. L HAYES, nc

onstrated in our
835 WELLINGTON AVE. + CRANSTON 10, R. I.

o2 o N VSRR

lab . . . request
technical data.

Whatever the job, it pays to see HAYES
for metallurgical guidance, laboratory
facilities, furnaces, atmosphere genera-
tors, gas and fluid dryers.
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Awards

wo Hungarian-born scientists have
I received the Enrico Fermi and
Atoms for Peace awards, each of
which is larger than a Nobel prize. The
Atomic Energy Commission bestowed
the Fermi award (a medal and $50,000)
on Eugene P. Wigner, who is Thomas D.
Jones Professor of Mathematical Physics
| at Princeton University. Wigner, who
was responsible for the design of the first
atomic pile, was cited for his contribu-
tion to physics and reactor development.
The $75,000 Atoms for Peace award,
financed by the Ford Motor Company,
| went to George Charles de Hevesy, pro-
fessor at the Research Institute for Or-
ganic Chemistry in Stockholm. He was
honored for his pioneer work on the use
of isotopes as tracers in chemistry, biolo-
gy and medicine.

Federal Science Support

Support for research and development

will this year amount to almost 5 per
cent of the Federal budget, according to
the National Science Foundation’s an-
nual estimate. Federal expenditures for
these purposes have been climbing
steadily from $3,031 million in the fiscal
year 1957 to $3,435 million in 1958,
and to an estimated $3,732 million in
1959.

The pattern of spending has changed
little from year to year. With the figures
for the fiscal year 1958 almost complete,
the report estimates that the Depart-
ment of Defense and the Atomic Energy

| Commission disbursed 83 per cent of the
| total. Almost all the rest was spent by
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six agencies: the Department of Health,
Education and Welfare; the Depart-
ment of Agriculture; the National Ad-
visory Committee for Aeronautics (now
the National Aeronautics and Space
Administration) ; the Department of the
Interior; the National Science Founda-
tion; and the Department of Commerce.

Roughly 65 per cent of the 1958 ex-
penditures went for development; 35
per cent for research, including 8 per
cent for basic research. The Govern-
ment spent nearly $500 million, about
15 per cent of the total, via universities
and associated research institutes and
expended the balance about equally
through its own laboratories and through
industry. The physical sciences and en-
gineering took 64 per cent; the life
sciences, 32 per cent; the social sciences,
4 per cent.

Scientific Ambassadors

The Department of State has an-
nounced resumption of its scien-
tific-attaché program, which it had
abandoned in 1956. Two scientists will
be dispatched to each of nine em-
bassies: Bonn, London, Moscow, New
Delhi, Paris, Rome, Stockholm, Tokyo
and one South American capital, proba-
bly Rio de Janeiro. Their primary duties
will be to advise U. S. ambassadors on
scientific matters and to establish con-
tacts with foreign scientists. They will
also evaluate scientific research in the
countries where they are stationed.
The State Department has had some
difficulty in recruiting men for the jobs.
In November, 1957, President Eisen-
hower proposed renewing the attaché
program and also filling the post of State
Department scientific advisor, which
had been vacant since 1953. Two months
later the post was filled by Wallace R.
Brode, formerly associate director of the
National Bureau of Standards. Since
then Brode has spent much of his time
persuading scientists to accept the two-
year attaché appointments. In the first
10 months only six men had been hired.

Carbon 14 in Fallout

Uus Pauling of the California Insti-
tute of Technology has calculated
that radioactive carbon 14 generated in
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the atmosphere by nuclear-weapons tests
will ultimately do more biological dam-
age than all of the fission products com-
bined. Writing in Science, he states that
at the present rate of testing a single
vear’s output of C-14 will cause 55,000
children to be born with gross physical
or mental defects, and will result in
170,000 stillbirths and 425,000 deaths
of embryos and newborn babies. Says
Pauling: “These numbers are about 17
times the numbers usually estimated as
the probable effects of fallout fission
products from one year of testing.” In
addition, Pauling reckons that C-14 will
cause as much leukemia and bone can-
cer as fission products, including stron-
tium 90.

The effects of C-14 had been dis-
counted in earlier speculation on fallout.
Two years ago Atomic Energy Commis-
sioner Willard F. Libby estimated in
Science that a small portion of the 10
grams of neutrons produced by a 20-
kiloton fission weapon would react with
atmospheric nitrogen to yield 1.05 kilo-
grams of C-14. More recently Libby has
estimated that the higher neutron flux
from a thermonuclear weapon would
vield 7.4 kilograms of C-14 per megaton
of energy release.

Basing his present calculation on these
estimates, Pauling predicts that most of
the harm will come in the next genera-
tion. Because carbon is a universal con-
stituent of cells, he points out, the radio-
active effect of C-14 is not restricted to
certain cells, as is the effect of radio-
activity from the fission products.

Libby, meanwhile, has reported prog-
ress in a research effort aimed at min-
imizing the effects of strontium 90. In
experiments performed in his off-hours
at the Geophysical Laboratory of the
Carnegie Institution of Washington, he
has found that potassium fertilizers have
a “possible effect” in reducing the
amount of strontium that plants absorb.
Libby estimates that as little as 30
pounds of potassium per acre could re-
duce the uptake of radioactive strontium
by 40 per cent.

Perennial Wheat

At Watertown Arsenal ...

Stokes YVacuum Furnace makes
new metals and alloys possible

Watertown Arsenal (Massachusetts) conducts research on
titanium, other reactive metals, and radioactive metals, using
the new Stokes Vacuum Furnace recently installed in their
General Thomas J. Rodman Laboratory. This furnace is de-
signed to produce metal of extremely high purity, free of slag
inclusions and trapped or dissolved gases. The purified and de-
gassed melt is poured into ingot molds while still under vacuum.

Stokes Vacuum Furnaces are designed for maximum versatility
—can be arranged for single or multiple pouring under vacuum.
Continuous observation is possible through sight glasses.
Specially designed locks enable additions to be made and
samples taken without breaking the vacuum. Controls, instru-
mentation, and other features make the Stokes Vacuum
Furnace systems easily adaptable to any type of laboratory or
production service. All controls are conveniently grouped for
easy operation.

Take advantage of Stokes’ advanced vacuum furnace tech-
nology in induction and arc-melting, heat-treating and sintering,
and degassing systems. The Stokes Engineering Advisory Service
can help you in planning a system to serve your exact require-
ments. Call or write—today.

Vacuum Equipment Division
foter 35 years of experimentation U. S. | F. J. STOKES CORPORATION
=X Department of Agriculture plant | 5500 Tabor Road, Philadelphia 20, Pa.
breeders appear to be on the verge of
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WESTINGHOUSE VOLT-PAK
UTILITY D-C POWER SUPPLY

HIGH POWER—O0-400 v d-c, 250 ma cont, 500 ma int, continuously adjustable
COMPACT—only 5 in. wide, 6% in. deep, 10 in. high; wt—20 lbs
DEPENDABLE—no tubes...no warm up...no maintenance
VERSATILE—production testing, lab supply, industrial test supply
ECONOMICAL—net price FOB Pittsburgh, Pa. ... $99.50

GET ALL THE FACTS... write to Westinghouse Electric Corp., Director Systems Dept.,
356 Collins Ave., Pittsburgh 6, Pa. Complete information about new Volt-Pak will be
sent to you promptly. J-22142

Electronic Wholesaler Inquiries Invited

you AN BE SURE...IF IT5 %Stiﬂghouse
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developing a commercially valuable
perennial wheat. A hybrid of wheat and
certain tall wild grasses, the perennial
yields grain for several years, resists in-
sects and disease and provides year-
round cover for the soil.

The quest for perennial wheat was
started by W. ]. Sando, now retired, who
in 1923 crossed wheat with wheat grass
and other species of the genus Agro-
pyron. Among those who followed up
his work was C. A. Suneson, a Depart-
ment of Agriculture agronomist working
in the California agricultural experiment
station at Davis, Calif. He has evolved
an especially promising perennial by
backcrossing Sando’s hybrids to spring
wheat and intercrossing the progeny.

Suneson’s plants live about four years
and bear grain that is exceptionally rich
in protein. They withstand drought and
are highly resistant to smut, rust, mil-
dew and other wheat diseases. Further-
more, they are not attacked by the Hes-
sian fly and other insects that ravage
wheat. There is, however, one draw-
back. While the yield of grain in the
first year matches that of local wheats, it
drops off by 40 per cent or more in the
second year. But Suneson now believes
he can keep the yield high throughout
the lives of the plants if he can work
out ways to fertilize them every year
and to control weeds.

Electricity from Plasma

A\ electric generator called the plas-

ma thermocouple, which converts
heat directly into a substantial current,
has been invented by five scientists at
the Los Alamos Scientific Laboratory. A
crude prototype has put out 350 watts
at an efficiency of 5 per cent, the inven-
tors report in Journal of Applied Physics.
They expect that refinements will great-
ly improve the thermocouple’s perfor-
mance. Theoretically it could convert to
electricity 30 per cent of the heat ap-
plied to it.

The plasma thermocouple differs little
in principle from the bimetallic thermo-
couple that is widely used to measure
temperatures. The bimetallic thermo-
couple consists of two pieces of dissimi-
lar metals connected at both ends. When
one connection is heated, a feeble cur-
rent flows toward the cold connection
[see “The Revival of Thermoelectricity,”
by Abram F. Joffe; SCIENTIFIC AMERI-
caN, November, 1958].

In the plasma thermocouple one of the
metals is replaced with a vessel of liquid
cesium. Contained in a vacuum, the
cesium partly evaporates and dissociates
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Unique Oldsmobile-developed two-stage automatic
choke is a major step forward in improving
automobile operating economy.

One of the important carburetor developments during the
past few years was the automatic choke, a device that
allows the automobile to be started in cold weather, and
then keeps it running until the engine is sufficiently
warmed up to sustain itself. Every automatic choke has
two separate functions: 1) choking, which enriches the
fuel-air mixture for starting, and 2) the idle speed con-
trol, which keeps the engine from stalling once it is
started. In the past, and on all present carburetors except
those used on the 1959 Oldsmobile, these two functions
have operated simultaneously with the result that the en-
gine ran on a rich mixture for the same length of time
that the fast idle was “on”. This resulted in excess fuel
consumption.

With the introduction of the 1959 Oldsmobile, the two
functions have been separated with a new and exclusive

OLDSNMOBILE )

TWO STEPS TO NEW FUEL ECONOMY

two-stage automatic choke developed by Oldsmobile
engineers. An ingenious system of over-running levers
allows the choke fly to open 75% sooner than previ-
ously required. The fast idle, however, remains “on” for
the full warm-up period
so the engine will not
stall. This early elimina-
tion of the choking
function represents a
considerable fuel saving
in cold weather when
numerous short trips
are made.

At Oldsmobile the Inquiring Mind is always at work,
finding new and better ways to design, engineer and build
finer automobiles for the most discriminating of buyers—
the Oldsmobile owner. Discover the difference for yourself
by visiting your local Oldsmobile Quality Dealer and taking
a demonstration ride in a 1959 Oldsmobile.

OLDSMOBILE DIVISION, GENERAL MOTORS CORPORATION

Pioneer in Progressive Engineering
... Famous for Quality Manufacturing
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PHYSICISTS

ENGINEERS
MATHEMATICIANS

are invited to join the Lincoln Laboratory
scientists and engineers whose ideas have
contributed to new concepts in the field of
electronic air defense.

A brochure describing the following
Laboratory programs will be forwarded
upon request.

HEAVY RADARS

MEMORY DEVICES

TRANSISTORIZED DIGITAL COMPUTERS
SCATTER COMMUNICATIONS

SOLID STATE

AEW (air-borne early warning)

SAGE (semi-automatic ground environment)
SYSTEMS ANALYSIS

In certain of these programs, positions of signifi-

cant professional scope and responsibility are open
to men and women with superior qualifications,

Research and Development

MIT

LINCOLN LABORATORY
BOX 18
LEXINGTON 73, MASSACHUSETTS
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into a “plasma” of charged particles.
These have a driving force 1,000 times
greater than that of any solid metal, and
for this reason the plasma thermocouple
produces a much stronger current than
the bimetallic thermocouple.

Cesium has been used because it can
easily be kept liquid in an oil bath a:
300 degrees centigrade, and because it is
the most easily ionized of all the ele-
ments. Other elements which could be
used in the generator include rubidium,
potassium, sodium and lithium.

The inventors are G. M. Grover, Wil-
liam Ranken, D. J. Roehling and E. W.
Salmi of Los Alamos and R. W. Pidd
(a consultant) of the University of
Michigan. All five have been working
on Project Rover, which is concerned
with nuclear rocket propulsion.

Paralytic Partnership

Severe outbreaks of paralytic polio-

myelitis may be due not to the polio-
myelitis virus alone but to a combination
of two viruses. Experimental evidence
that a group of the so-called Coxsackie
viruses intensify the damage done by
polio viruses is reported by Gilbert Dall-
dorf and Heribert Weigand of the New
York State Department of Health.

They inoculated young monkeys first
with a weakened polio virus, then five
days later with viruses of Coxsackie
Group A. With few exceptions the ani-
mals became paralyzed. In contrast, ani-
mals that they had inoculated twice with
the same virus were not seriously af-
fected, although some developed minor
lesions of the spinal cord.

Writing in The Journal of Experimen-
tal Medicine, Dalldorf and Weigand
speculate whether paralytic poliomyelt.s
might not be the cumulative effect of
repeated, though minor, virus infections,
each of which destroys a number of motor
cells. They point out that other investi-
gators have observed that paralytic polio
epidemics are frequently associated with
widespread Coxsackie A infection. On
the other hand, when Coxsackie viruses
of Group B are prevalent, polio is seldom
paralytic. Presumably this is because
Coxsackie B and polio viruses somehow
interfere and tend to cancel out. The
different strains of polio virus interfere
with one another in the same way.

Dalldorf and Weigand urge more
study of the interrelationships of the po-
lio, Coxsackie and other viruses that
lodge in the intestinal tract. Many of the
mysteries of polio epidemiology, they
suggest, might be cleared up if medical
workers knew more about how these



STEPS IN THE RACE TO OUTER SPACE

Assembling a station in space

This imaginative but technically accu-
rate illustration shows a permanent sat-
ellite (center) being constructed in orbit
around the earth. It generates its own
heat and electricity from solar rays.
Basic vegetation (such as algae) for
oxygen as well as protein-rich foods are
grown in hydroponic tubes in upper
level ‘‘greenhouses.”

New vistas in astronomy will be
opened up by such a space station,
because of perfect conditions for
photography and spectroscopy. It will
also provide unique conditions for ad-

vanced research in physics, electronics,
weather prediction, etc. Three such sta-
tions, properly placed, could blanket the
entire world with nearly perfect TV
transmission.

Atomic rocket vehicles with prefabri-
cated skin layers (lower center) pro-
vide building materials for the station,
then return (bottom) to earth. Similar
craft will service an established station
(lower right), docking by electromagnetic
pull in lower section of station’s axis.

ENGINEERS ¢ SCIENTISTS
ARMA needs key men to augment
a broad research program in missile
guidance and space technology. As de-
signer and developer of all-inertial navi-
gation systems for TITAN and ATLAS
ICBM's, ARMIA provides a stimulating
atmosphere where creative talents can
develop. Write to E. C. Lester, Profes-
sional Placement, SA-1, 4mA#4 Divi-
sion, Garden City, N.Y. A Division of
American Bosch Arma Corporation.

AMERICAN BOSCH ARMA CORPORATION
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There is nothing else like this under the sun. It is the Martin-Denver facility,
birthplace of the Air Force TITAN. It is also this country’s most advanced
and fully integrated big-missile development center. Here, our most formid-
able weapon systems of tomorrow are being designed, built and tested —
from the smallest component to the total system—within a single 7,000 acre
complex. Every top military and scientific expert who has seen Martin-
Denver from wzthin, considers it one of our most valuable national resources.

“\/)
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viruses interact. Meanwhile, they advise,
physicians should consider postponing
vaccination for poliomyelitis when Cox-
sackie A infections are prevalent.

Deep-view Microscope

A new kind of microscope that makes

it possible to see things like nerve
networks in three dimensions has been
invented by psychologist R. L. Gregory
and physiologist P. E. K. Donaldson
of the University of Cambridge. An
ordinary microscope, because of its shal-
low depth of focus, reveals only a thin
layer of the specimen. This can be a
serious limitation when, for example, an
investigator wants to view a tangle of
fibers, Gregory and Donaldson point
out in an article in the weekly journal
Nature.

They made a crude prototype of a
three-dimensional microscope by mount-
ing a slide on one 50-cycle tuning fork
and projecting the image on a screen
mounted on another 50-cycle tuning
fork. With both forks vibrating in phase,
the slide thus was scanned in depth 50
times a second, and the image was pro-
jected faithfully on the screen.

At present the resolution and contrast
of the new microscope leave much to be
desired, and it seems to be useful only
at relatively low magnifications—less
than 100 diameters. But Gregory and
Donaldson hope to improve the instru-
ment by substituting a more precise os-
cillator for the tuning forks, and modu-
lating the light so that all parts of the
deep image appear equally bright.

Workhorse Accelerators

wo new atom-smashers, remarkable

for the torrent of particles they will
accelerate, will soon be built. The Uni-
versity of California Radiation Labora-
tory will break ground in May for an
88-inch cyclotron to cost $4,600,000. It
will be small compared with the Labora-
tory’s 184-inch cyclotron, and it will ac-
celerate particles to only about one third
the energy of those that stream from
the big machine. The new cyclotron
will, however, release an enormous flood
of particles: some million billion per sec-
ond, or 1,000 times as many as the 184-
inch machine.

A new design feature first proposed
by Donald Kerst is largely responsible
for the new cyclotron’s capacity. Spiral
ridges radiating from the centers of the
pole pieces will put wrinkles in the mag-
netic field. This effect makes it possible
to accelerate particles with a steady,
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T TUBE RuTay 2

The recent advent of Cadmium
Sulfide cells stirred up the photo-
electricstreet light control business
for a fare-thee-well. All hands got
busy dumping tubes and producing
small controls activated by CdS.
Lights were blinking all over the

country.

Our parent company, Fisher-
Pierce, is an old timer in this P.E.
business. Before running off in all
directions at once, they made sure
that their CdS unit had the per-
formance and reliability of their
existing F-P tubed controls. The
many problems inherent in design-

ing around new components were

Series 51 Relay

classified — we got the one to do

with the relay.

The relay had to switch 1000 watt
lamps, handle inrush up to 100 am-
peres, yet operate on 100 milliwatts.
And it had to do it 5000 times
with no failures and exact, stable
pull-on and drop-out. You don’t

get relays like this out of a barrel.

By using the basic mechanical de-
sign of one of our old standards
and building a new contact mecha-
nism, we done it. Fisher-Pierce’s
new CdS control has now proven
itself. Which simply re-proves the
immortal truth “sTABBUS DE TUBUS,

IF SERVUS DE PROGRESS.”

SIGMA INSTRUMENTS, INC.

40 Pear] Street, So. Braintree 85, Mass.

An Affiliate of The Fisher-Pierce Co.

© 1958 SCIENTIFIC AMERICAN, INC

continuous current instead of the pulses
used heretofore in large cyclotrons. The
intense beam of particles that can be
generated in this way will find many
uses. In particular, it will permit physi-
cists to produce considerably larger
quantities of the artificial elements at the
top of the periodic table.

The Argonne National Laboratory has
drawn up plans for a proton synchrotron
| that will accelerate a thousand billion
particles per second.to energies of up
to 12.5 billion electron volts. No other
comparable machine produces nearly so
intense a beam. The new synchrotron
should prove valuable for making the
short-lived “strange” particles that occur
in cosmic rays and are believed to exist
fleetingly in atomic nuclei.

Physicists studying the forces that
bind atomic nuclei may also soon have
a new tool to work with. Robert J. Van
de Graaff of the Massachusetts Institute
of Technology has devised a way of link-
ing in tandem the accelerators that bear
his name. Double Van de Graaff ac-
celerators, which give particles two five-
million-volt jolts, are now fairly common.
But he now thinks it is practical to in-
crease the accelerating stages to three
| or even four.

Soothing Bubbles

Engineers of a British firm have suc-

ceeded in quieting the sea by blow-
ing bubbles through the water. Two lines
of polyethylene piping submerged in
Dover harbor release intermittent blasts
of compressed air which break the
rhythm of the waves. By creating a pat-
tern of random turbulence, the bubbles
reduce the height of big waves by at
least 50 per cent.

The pipelines, each 300 yards long
and anchored by junked steel rails, were
recently installed by Pneumatic Break-
waters Ltd. of London. They protect
ship berths, the train-ferry dock and the
entrance to the inner harbor. A test pipe-
line had worked successfully for two
years. Its lightweight plastic construc-
tion held up well despite the turbulence
caused by ships that passed only 10 feet
above it at low tide.

The air, supplied by six compressors
on shore, is released in short blasts.
These disrupt the rhythm of waves so
that the energy of the waves themselves
produces the quieting effect. Because
the pneumatic breakwater can be in-
stalled anywhere without interfering
with navigation, the company recom-
mends it particularly for protecting off-
shore drilling rigs.
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THE MERGER

The legal act of merging two companies into one does not of itself
change the sum total of their capabilities. Thus, today the compe-
tence of the Ramo-Wooldridge Division for the development of
electronic systems for military and commercial applications is indis-
tinguishable from that of its predecessor organization, The Ramo-
Wooldridge Corporation, while the skills of the Thompson Products
group of divisions in the design and large-scale production of preci-
sion devices also remain unchanged. Soon, however, effects of the
merger will begin to appear. One early effect will be an important
addition of manufacturing strength to Ramo-Wooldridge programs,
several of which have passed out of development and are in the
prototype or manufacturing phases. Conversely, the special skills
of Ramo-Wooldridge scientists and engineers in certain fields can
usefully supplement the services that the Thompson Products divi-
sions offer to their customers.

The formation of Thompson Ramo Wooldridge Inc. is intended
to provide an unusual capability for the development and produc-
tion of the complex electronic and mechanical devices and systems
required by today’s expanding technology.

/‘“_“\ Thompson Ramo Wooldridge Inc.

Main Offices ¢ Cleveland 17, Ohio
Los Angeles 45, California
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DIVISIONS AND PRODUCTS

TAPCO: Missile and aircraft auxiliary power
systems, ground support systems, fuel systems,
pumps, accessories, hydraulic systems, pneu-
matic systems; electronic control systems,
microwave switches; frame structures, pressure
vessels. Jet engine compressor blades, rotors,
stators, and impellers; turbine buckets, rotors,
and stators; structural and fabricated compo-
nents. Rocket engine cases, nozzles and pumps.
Nuclear reactor control rods, pumps, access-
ories, and core structures. Precision investment
and continuous vacuum cast parts for aircraft,
missiles, jet and rocket engines. Vacuum cast
super-alloy ingot, billet and mill shapes.

RAMO-WOOLDRIDGE: Electronic reconnais-
sance and countermeasures systems, infrared
systems, analog and digital computers, air
navigation and traffic control, anti-submarine
warfare, electronic language translation, infor-
mation processing systems, nuclear energy
applications, missile electronics systems, ad-
vanced radio and wire line communications.

AUTOMOTIVE and INDUSTRIALPRODUCTS:
Valves and associated parts for all types of
internal combustion engines. Steering linkages,
front wheel suspension ball joints, hydraulic
cylinders and pumps, cylinder sleeves, piston
rings. Truck retarders. Diesel engine turbo-
chargers. Rock drill bits and drill rods. Alloy
pistons for automotive and aircraft; impact
extrusions, permanent mold and die castings.
A wide variety of automotive replacement parts
distributed nationally and overseas through
7,000 distributors.

CONSUMER PRODUCTS: High fidelity amp-
lifiers; FM-AM radio tuners; magnetic tape
recorders; stereophonic sound systems, public
address and intercommunication systems. Tele-
vision cameras for industrial and broadcast
purposes; complete low-power television broad-
casting stations.

THE THOMPSON-RAMO-WOOLDRIDGE
PRODUCTS CO.: Digital control computers
and associated equipment for automatic control
of industrial processes, data logging and com-
putation, pilot plant operation and process
research, test facility operation, and general
computational use.

PACIFIC SEMICONDUCTORS, INC.: Ger-
manium and silicon diodes and transistors,
high voltage rectifiers, subminiature rectifiers,
voltage variable capacitors.

Number of employees: 22,000

Estimated 1958 Sales: $335,000,000
Plants in Los Angeles, Bell, Culver City and
Long Beach, California. Denver, Colorado.
Michigan City, /ndiana. Cambridge,
Massachusetts. Warren and Portland, Michigan.
St. Louis, Manchester and Sullivan, Missouri.
Cleveland, Euclid, Willoughby, Minerva, and
Columbus, Ohio. Danville and Harrisburg,
Pennsylvania. Roanoke, Virginia. St. Catherines,
Ontario.
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TECHNOLOGY

SOLAR SAILING: Space travel with the aid of solar radiation
pressure —an area of advanced research at Lockheed. Vehicle would
employ a sail that would be raised and lowered in flight.

The artist has depicted Magellan’s ship “Trinidad” to symbolize
man’s great voyages of discovery.

Lockheed Missile Systems Division is engaged in all fields of

missile and space technology—from concept to operation.

Advanced research and development programs include—man in space;
space communications; electronics; ionic propulsion; nuclear and solar
propulsion; magnetohydrodynamics; computer development; oceanography;
flight sciences; materials and processes; human engineering; electromagnetic
wave propagation and radiation; and operations research and analysis.

The successful completion of programs such as these not only encompasses
the sum of man’s knowledge in many fields, but requires a bold and
imaginative approach in areas where only theory now exists.

The Missile Systems Division programs reach far into the future.

It is a rewarding future which men of outstanding talent and inquiring
mind are invited to share. Write: Research and Development Staff,

Dept. A-36, 962 W. El Camino Real, Sunnyvale, California

“The organization that contributed most in the past year to the
advancement of the art of missiles and astronautics.”

NATIONAL MISSILE INDUSTRY CONFERENCE AWARD

Lockheed / MISSILE SYSTEMS DIVISION

SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA
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CLAY PIGEONS

low-cost, supersonic target drones

Clay pigeons that fly faster than sound—that’s a nutshell
description of the new low-cost target drones developed
by Bendix Systems Division.

Program-controlled (with radio override, if desired)
they will provide the answer to our need for airborne
target drones which can be built in quantity and at a
moderate cost. They are ideal vehicles for testing the
effectiveness of our new aerial weapon systems, as well as
the skill and training of the men who fly or launch them.

The basic design, developed over a two-year period (at
no cost to the American taxpayer), is relatively small and
light, which accounts in part for its low cost, and carries
radar and infrared augmentation equipment which enables
it to realistically simulate a much larger target if desired.

Bendix Systems Division .- #9vg

ANN ARBOR, MICHIGAN
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It can operate at all required altitudes, speeds and ranges.

Bendix target drones realize small diameter, and hence
low cost, by means of the Bendix Lens, a small plastic
sphere for enhanced bistatic, as well as monostatic radar
reflection. Also included are Bendix electronic scoring
devices for a miss distance indication. Compenents and
airframe tests are continuing in conjunction with the
Armed Services.

Bendix Systems Division, working with six other
Bendix Divisions and major aircraft and propulsion
organizations, directed all phases of development work
up to and including prototype construction and testing.

Bendix Systems Division welcomes inquiries and is
prepared to provide full information to the Armed Forces.

AVIATION CORPORATION
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THE ATOMIC NUCLEUS

How do physicists presently visualize 1t? Curiously, different

approaches to the nucleus suggest different pictures, notably

the liquid-drop model, the shell model and the optical model

ver since 1930, when the discovery
E of the neutron made it plain that
the nuclei of atoms were built of
protons and neutrons, physicists have
been trying to form a picture of the
structure of the nucleus. The same task
for the rest of the atom was completed
in the first quarter of this century. We
were able to understand in detail how
the electrons move under the attraction
of the nucleus, and how their motion is
influenced by their mutual repulsion.
To achieve such an understanding re-
quires three major steps: First, we must
know the forces between the particles.
Second, we need to know the mechanical
laws which govern their motion under
the influence of these forces. Third, we
need in most cases a simplified picture,
or model, from which to start. Once we
have the first two ingredients, we could
in principle write down a set of mathe-
matical equations whose solutions would
tell us all about the atom, or about the
nucleus. In the simplest possible atoms,
like that of hydrogen, in which there is
only one electron, or in the simplest com-
pound nuclei, like the deuteron, which
contains only one proton and one neu-
tron, such equations can be written
down and solved without difficulty.
However, for more complicated struc-
tures this head-on attack becomes much
harder and soon exceeds the capacity
even of modern electronic computers.
We are like men who encounter for
the first time a complicated machine, and
who try to analyze its operation. If we
attempt, without any guidance, to puz-
zle out the interplay of all the parts of the
machine, we should soon lose ourselves
in a maze. Instead, we first try to ascer-
tain the major features of the machine’s
operation. We then devise a model
which resembles the real thing in these
features, yet is simple enough to be
analyzed. Then, of course, we must put

by R. E. Peierls

in corrections for the complications
which we have left out and check that
they do not materially alter the picture.

In the study of the atom the first of
the three steps hardly presented a prob-
lem. As soon as Ernest Rutherford had
demonstrated that the atom consisted of
a heavy, positively charged nucleus and
of light, negatively charged electrons, it
was taken for granted that the forces
between them were the electric attrac-
tion of unlike charges, following the in-
verse-square law familiar to every stu-
dent of physics. The major difficulty was
the second step. It turned out that the
basic mechanical principles of Isaac
Newton, which applied to all “large” ob-
jects from the planets and the moon
down to steam engines and watches, had
to be revised in the atomic domain. To
understand atoms we had to use the new
ideas of the quantum theory, following
the pioneer work of Niels Bohr, who
adapted for this purpose the concept of
the quantum of action which Max Planck
had first found in the behavior of light.
These new laws of mechanics were later
formulated as the laws of “quantum
mechanics,” or “wave mechanics,” which
gave us complete command over the
theory of the atom.

The third step, of finding a simplified
model for discussing the atom, also
proved relatively easy. In working out
the possible orbits of a single electron
under the attraction of a proton, as in
the hydrogen atom, Bohr found that one
could account for the behavior of a more
complex atom by assuming that each of
its electrons moved in such an orbit. The
larger the number of electrons in an
atom, however, the more distinct orbits
they occupys; this is a consequence of the
“exclusion principle” discovered by
Wolfgang Pauli, which limits the num-
ber of electrons that can travel in a
given orbit.
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We must allow not only for the attrac-
tion of the electrons by the nucleus, but
also for the repulsion of the electrons by
one another. However, we simplify the
nature of this repulsion by forgetting
that it changes continuously as the elec-
trons move around in their orbits, and
treating it as a fixed field of force. In
other words, we replace the repulsion
due to a moving electron by that which
we would obtain if the electron were
spread out evenly over its orbit. This
simplification can be justified by the fact
that the repulsion acts over relatively
long distances, so that each electron is
at any time under the influence of several
others. If we underestimate the effect of
one of the electrons which may happen
to be rather close to the one we are look-
ing at, we are likely to overestimate the
effect of another which happens to be
rather far away.

This model of the atom is usually
called the “shell model,” because it is
convenient to group together the elec-
trons moving in orbits of similar size but
of different shape and direction. Such a
group of orbits is called a shell.

When the atomic nucleus first became
an object of serious study, the nature of
the difficulties was rather different. The
general laws of dynamics did not seem
to require further revision; the laws of
quantum mechanics which had been dis-
covered in atomic physics seemed quite
adequate for the nuclear domain. In-
deed, we have not yet found any evi-
dence in the behavior of nuclei which
would suggest that these laws might be
in error. Thus the second step in our list
presented no problem.

The Nuclear Forces

On the other hand the first step—the
determination of the forces between the
particles—proved to be a very difficult
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CHARGE EXCHANGE in the nucleus is schematically depicted.
When protons (black balls) are struck by fast neutrons (red balls),

in half the cases (left) the neutron continues forward. In the other
half (right), the proton exchanges its charge with the neutron.

problem. Even today, after some 25
years of intense study, we cannot claim
to have a complete answer, but we have
by now at least a fair knowledge of what
the forces are like.

They cannot be electric in origin. The
only electric charges found in the nu-
cleus are the positive charges of the pro-
tons, and like charges repel each other;
thus electric forces cannot be responsible
for holding a nucleus together. More-
over, electric forces are much too weak.
We know that the energy of attraction
of two unlike charges (i.e., the work we
have to do to pull them apart) varies
inversely as their distance. The attrac-
tive energy of an electron and a proton
in the hydrogen atom is a few electron
volts (ev), and since the diameter of the
hydrogen atom is 20,000 times larger
than that of the smallest nucleus we
should expect electric energies in the
nucleus to amount to some tens of thou-
sands of electron volts. Actually the
forces inside a nucleus run to many mil-
lion electron volts (mev). It follows that
nuclear forces are vastly stronger than
electric forces.

It is also clear that these strong forces
act only over extremely short distances.
The pioneer work of Rutherford on the
passage of charged particles through
matter showed that, even in encounters
in which a charged particle approaches
a nucleus to a distance of a few times
the nuclear diameter, the only noticeable
force is the electric one. We know to-
day that nuclear forces between two par-
ticles are quite negligible if the distance
between the particles is more than, say,
four fermis. (The fermi, named for the
late Enrico Fermi, is a convenient unit
of distance for the nucleus. The di-
ameter of a heavy nucleus is some 15
fermis; the diameter of the hydrogen
atom, about 100,000 fermis.) It is not
surprising, therefore, that earlier physi-
cists did not meet nuclear forces in labo-
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ratory experiments. The only possible
way of studying these forces is to ob-
serve the behavior of nuclei, or to bom-
bard hydrogen or other nuclei with fast
protons or neutrons under circumstances
in which the effect of really close en-
counters can show up.

What makes this task harder is that
the nature of nuclear forces, unlike the
simple inverse-square law of electric or
gravitational forces, is rather compli-
cated. If the law of nuclear forces were
simple, a few observations might suffice
to guess its general form. But all simple
guesses based on a few experiments have
been disproved by later experiments.
We are obliged to reconstruct the law
of nuclear forces laboriously from the
various pieces of evidence we can ex-
tract from the experiments.

Ultimately we hope to be able to de-
rive the law of the forces from more
basic principles, just as we can derive
the inverse-square law of electric forces
from the basic laws of electromagne-
tism. A beginning was made by the
Japanese physicist Hideki Yukawa, who
used the analogy with electromagnetic
radiation to point out that nuclear forces
must be related to a new form of radia-
tion which could carry charged particles
weighing a few hundred times more than
the electron. His prediction was con-
firmed by the discovery of the so-called
pi meson. His picture of the mechanism
underlying the nuclear forces has been
qualitatively confirmed by many obser-
vations, and has been a useful guide in
our thinking about the forces. But it has
not yet been possible to use his idea for
a reliable and accurate derivation of the
law of the forces because of the mathe-
matical problems which stand in the
way. We do not know today whether a
correct solution of the equations em-
bodying Yukawa’s idea would yield the
right forces, or whether there is some-
thing basically wrong with this ap-
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proach. The difficulties arise chiefly from
the greater strength of the nuclear
forces, as compared to electric forces,
which makes their mathematical analysis
much more difficult.

Thus the best source of information
about the forces still lies in direct ex-
periments. These require collisions at
high energies—much higher than the
energies of particles inside ordinary nu-
clei. The reason for this is the wave as-
pect of particles, which is an essential
teature of quantum mechanics. Slow
particles are associated with waves of
long wavelength, and collisions involv-
ing such slow particles do not provide
much information abcut the finer fea-
tures of the forces at work between them,
just as in looking through a microscope
at a dust particle with a diameter less
than a wavelength of light we see only
a general blur which does not reveal the
shape or nature of the particle. To have
particles of sufficiently short wavelength
one must raise their energy to a few
hundred mev. The most reliable infor-
mation on nuclear forces has therefore
become available only in the last few
years, as a consequence of the develop-
ment of accelerating machines which
produce clean beams of protons, neu-
trons, or electrons with such energies.
This need for high-energy beams is en-
tirely similar to the situation in atomic
physics, where detailed pictures of the
structure of atoms require the use of X-
ray or electron beams of several thou-
sand ev—much greater than the energies
of the electrons inside the atoms, whose
wavelength is comparable to the atomic
diameter. The complexity of the results
has also made it necessary to call on the
services of fast electronic computers for
disentangling the observations.

I shall not attempt in this article to
give anything like a complete specifica-
tion of the nuclear forces, but shall stress
only those features which are of impor-



SPIN-ORBIT FORCE arises from a relationship between spin and
orbit. When two particles (left) spin in the same direction as that

tance for what follows. We have already
noted that the forces must be strong and
of short range. Since they hold the dif-
ferent particles together, they must on
balance be attractive. At the same time
they cannot be entirely attractive, since
otherwise heavy nuclei would “collapse.”
By collapse we mean a state of affairs in
which all the particles in a nucleus are
so close together that each one is within
the range of the attractive force of every
other. In that case the attractive energy
acting on each particle would grow with
the total number of particles present,
and the volume occupied by the whole
nucleus would be the same no matter
how many particles were in it. This is
not found in reality. The energy per par-
ticle is roughly the same for all nuclei,
light or heavy, and the volume of nuclei
increases with the number of particles in
them.

The Exchange Forces

This behavior, which indicates a lim-
ited attraction, is usually called “satura-
tion” of the nuclear forces. There are
two particularly plausible ideas to ac-
count for this saturation. One was sug-
gested by the German physicist Werner
Heisenberg, who was one of the founders
of quantum mechanics. He postulated
that at least part of the nuclear forces
between a neutron and a proton involves
an exchange of their position, so that
after an encounter- between them the
neutron would tend to follow what had
been the path of the proton, and vice
versa. The exchange occurs readily only
if the two move in very similar orbits,
and, since the Pauli exclusion principle
allows only a limited number of particles
to follow the same orbit, such exchange
forces would expose each particle to a
strong attraction only from a few others.
The bombardment of protons with fast
neutrons confirmed this idea, because it

showed that in most cases either the
neutron or the proton tended to go for-
ward with almost the same speed and
direction with which the neutron had
arrived. Since it is hard to deflect such
fast particles from their path, this indi-
cates that the incident neutron had con-
tinued almost in a straight line, but that
in half the collisions it had changed its
nature and become a proton, leaving a
neutron behind.

However, the experiment also showed
that only one half of the force was of
the exchange type; the other half (cor-
responding to the neutrons still moving
forward after collision) was an “ordi-
nary” force. This is not enough to yield
the required saturation, and some other
factor must be involved. The second fac-
tor tending toward saturation is almost
certainly a reversal of the direction of
the nuclear forces at short distances, so
that, as two particles approach each
other, the attraction changes to repul-
sion. This concept of “repulsive cores”
in the forces is familiar in the behavior
of atoms. When atoms form chemical
compounds, or liquid or solid substances,
they are held together by attractive
forces; but each atom has a fairly defi-
nite size, and when two atoms come into
actual contact, their attraction changes
into repulsion. We may liken this be-
havior to that of two rubber balls tied
together with a rubber band. There is an
attraction between the balls, but there
is also a contact force which prevents
the centers of the balls from approach-
ing each other closer than one diameter.
Shortly after the theoretical need for
such a repulsive core in the nuclear
forces had become clear, experiments on
collisions between fast particles indeed
showed direct evidence for these repul-
sive forces.

Among other features of the nucleus
I should mention the “spin-orbit” force,
that is, the dependence of the mutual
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in which they move on an orbit, the force between them is strong.
When they spin in opposite directions (right), force is weak.

interaction of two particles upon the
direction of their orbit with respect to
their spin. When the two particles spin
on their axes in the same direction as that
in which they revolve about each other,
the attraction between them is stronger;
when they spin in the opposite direction
from that in which they revolve, the at-
traction is weaker. There is some evi-
dence for such a spin-orbit force in ex-
periments on nuclear collisions, but there
is still some room for controversy in the
interpretation of these experiments.

Our present knowledge of the nuclear
forces, while still incomplete, is suffi-
cient to discuss the behavior of nuclei
and the collisions between them. At this
point we meet the need for the third
step in our general program, namely a
simple model in terms of which we may
approach the dynamical problem of the
motion of the 16 particles in the oxygen
nucleus, or the 208 particles in the most
stable lead nucleus.

Models of the Nucleus

The selection of a suitable model is
not at all straightforward. Not that there
is a shortage of suggestions. In fact the
trouble in the recent past has been a sur-
feit of different models, each of them
successful in explaining the behavior of
nuclei in some situations, and each in
apparent contradiction with other suc-
cessful models or with our ideas about
nuclear forces. In the past few years
great progress has been made in bringing
some order into this confusion and in
understanding the justification for each
of the models in the domain to which it
is properly applied. I shall attempt to
explain briefly some of the ideas behind
these developments.

The most obvious idea was to use the
shell model, which had been so success-
ful in dealing with the atom. In fact, the
first attempts to set up such a shell model
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were made even before the discovery of
the neutron, when it was believed that
nuclei were made of protons and elec-
trons. A shell model with the wrong con-
stituents cannot have much success in
accounting for the facts, but in those
days rather few facts were known, so
such models were able to survive for
some time.

After the discovery of the neutron,
attempts to formulate a nuclear shell-
model were renewed. This involved the
idea of orbits (or quantum states) for
the protons and neutrons, in which each
of them was pictured as moving inde-
pendentiy under the influence of some
force which represented the average ef-
fect of the others, as in the case of the
electrons in the atom. It did not seem
possible, however, to choose groups of
orbits of the right kind, so that the num-
ber of similar orbits which formed a shell
could accommodate just the right num-
ber of neutrons and protons to account
for the exceptional stability of nuclei
with certain numbers (“magic num-
bers”) of neutrons or protons.

The same idea was applied to the col-
lision of neutrons with nuclei. Accord-
ing to the shell model, the impinging
neutron should travel through the nu-
cleus on its own orbit, as through some
field of force, and individual encounters
with the particles constituting the target
nucleus ought to be rare and unimpor-
tant. Hence the neutron should in most
cases emerge with the same speed as
that with which it entered, and only
rarely should it get trapped. The details
of the process should not depend criti-
cally on the speed of the neutron.

Observations of such collisions, initi-
ated by Fermi in Rome, gave a com-
pletely different picture. Most of the
neutrons that interacted with a nucleus
were trapped, their excess energy being
radiated in the form of gamma rays.
Moreover, the chance of the neutron
being affected by the nucleus depended
very critically on its energy. One found
a large number of resonances, i.e., sharp-
ly selected energies, for which a neutron
was sure to be picked up by the nucleus.
For each target nucleus there are many
such resonances, the energy difference
between them being often as low as 100

ev, an exceedingly small difference on
the nuclear scale.

These resonances turned out to be ex-
ceedingly sharp, and on the uncertainty
principle of quantum mechanics a sharp-
ly defined energy is associated with a
long time. So it follows that once a neu-
tron gets into a nucleus in conditions of
resonance it must stay there a long time
—much longer than it would take it to
cross a region the size of a nucleus.

The Liquid-Drop Model

The way to resolve these apparent
contradictions was pointed out by Bohr.
He recognized that it was not right to
think of a neutron as passing just through
a general field of force, since the nucleus
is densely packed with particles which
each exert strong forces on the extra
neutron as well as on each other. Instead
of comparing the process with the pas-
sage of a comet through the solar system,
as was appropriate for the passage of an
electron through an atom, we should
liken it to the entry of a golf ball into a
space already fairly densely filled with
similar balls. The result will be a com-
plicated motion of all the balls, and the
energy of motion of the extra one will
rapidly get shared with the others.

The dynamical problem is now that of
a true many-body motion, and we have
vastly more possibilities of varying the
details of the motion of all the particles.
This means that the rules of quantum
mechanics will give us far more states of
motion, and these are responsible for the
greatly increased number of resonances.
We also see the reason for the long stay
of the neutron in the nucleus, because
when the energy of motion is shared
among many particles, none of them can
attain enough speed to escape from the
general attraction. It must take a long
time before by chance one of them col-
lects enough of the available energy to
get away. In our picture of the golf balls
this will actually never happen, because
in the meantime too much of the energy
will have been dissipated in friction. In
the nuclear case the analogue of fric-
tion is the loss of energy by gamma radi-
ation, and this is responsible for the
events in which the neutron gets

trapped. But it is less effective than in
the case of the golf balls, and some neu-
trons do get out again.

The physicist does not invoke here the
similarity with a system of golf balls,
which is not quite close enough, but he
is reminded of a very similar situation
which arises when a water molecule hits
a drop of water, and for this reason
Bohr’s model is often called the “liquid-
drop model.”

The liquid-drop model met with con-
siderable success, and was able to ex-
plain many detailed features of nuclear
reactions. At this time it seemed evi-
dent that the whole earlier idea of the
shell model, which pictures the particles
as moving independently, was doomed
to failure, in view of the high density of
the nucleus and the strong forces a par-
ticle was bound to experience in many
encounters with others during the course
of its motion. Most physicists then re-
garded the whole idea of a shell model
as misconceived, but some, whether out
of a stubborn refusal to accept the argu-
ments against the model, or out of a
deeper intuitive insight which convinced
them that somehow one might be able
to get around the argument, continued
to look at the behavior of nuclei in their
normal states in terms of shells.

The Shell Model Again

It soon became evident that there was
overwhelming evidence in favor of such
a shell picture, and the final success
came when Maria G. Mayer of the Uni-
versity of Chicago and ]J. D. H. Jensen
of Heidelberg independently noticed
that the facts fitted amazingly well with
a slightly modified shell model. The new
feature was that when a particle spins
in the direction in which it moves about
the center of the nucleus, its orbit is dif-
ferent from the orbit of a particle spin-
ning in the opposite direction. When
this idea was put forward, it was not
known that the force between two parti-
cles depends on the relative orientation
of spin and orbit. Today the idea appears
entirely natural. With this refinement,
such a mass of data’about the behavior
of nuclei could be explained that there
remained no doubt as to the essential

NUCLEAR FORCES are dependent on the distance between parti-
cles. If the particles are very close, they repel each other (left).
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If they are a certain distance apart, they attract each other (center).
If they are farther apart, they have little effect on each other (right).



correctness of the shell model [see “The
Structure of the Nucleus,” by Maria G.
Mayer; SciENTIFIC AMERICAN, March,
1951].

But what of the argument that the
mutual disturbance of the particles in
their orbits must be so strong that the
shell model could not possibly be right?
Coupled with this puzzle was the ques-
tion of how one should work out the
orbits of the particles from the basic
forces between them. So far the orbits
had merely been chosen in such a way
as to fit the data as well as possible; it
was also desirable to understand the
origin of the orbits.

These questions are finding their an-
swers in a series of investigations initi-
ated by Keith A. Brueckner, now at the
University of Pennsylvania, and extend-
ed by many others. There are two main
ingredients to this work. The first is to
take into account the effect of the exclu-
sion principle. This says that only two
neutrons and two protons can move in
exactly the same orbit. In the normal
state of a nucleus all orbits of low energy
are occupied by four such particles, and
it is very difficult for them to disturb
one another’s motion. To deflect a parti-
cle from its orbit it must be thrown into
another one, but all the other orbits of
low energy are already occupied. To
throw it into an orbit in which the energy
of motion is higher is difficult unless the
other partner in the encounter can give
up energy, i.e., go itself into a motion
with lower energy, which is in turn im-
possible because all the suitable orbits
are occupied. Such a behavior is familiar
among the electrons of metals, which
are hard to deflect from their orbits for
the same reason; this is why many metals
are good conductors of electricity.

The exclusion principle would pro-
vide a plausible justification for the shell
model if it were not for the repulsive
core of the nuclear forces. The repulsive
force between two particles that are
quite close to each other is so strong that
it is impossible in a head-on collision for
one particle to pass through the other.
Thus in spite of the exclusion principle
the particles are bound to be somewhat
deflected from their orbits.

This brings in the second ingredient
of the Brueckner approach. One looks
carefully at the encounter between two
particles which are influenced by such
a short-range repulsion and sees that the
deflection from their paths does not de-
pend so much on how strong the repul-
sion is (provided it is strong enough),
but on the distance over which it oper-
ates. If this distance, i.e., the core di-

ameter, is small enough, the resulting
disturbance will be small, since the parti-
cles only have to take slight “evasive
action” to get past each other. Now the
core diameter of the nuclear forces is
small compared to the mean distance be-
tween particles in the nucleus, and we
may therefore hope that the disturbance
caused by the repulsion is weak. But to
describe the encounter correctly we must
be able to solve the problem of the col-
lision of two particles correctly, even in
the presence of the repulsive force. This,
fortunately, is a problem that can be
solved.

Whereas in the atom we assumed that
each particle moves under the influence
of the average force of all the others,
the nuclear problem may be simplified
by assuming that the collision of two
particles takes place while they both
move under the influence of the average
force of all the others. A mathematical
treatment embodying these ideas has
made it possible for the first time to cal-
culate the binding energy, and other
properties, of a nucleus from the forces
that had been derived from the study
of two-particle collisions, without fur-
ther ad hoc hypotheses.

These ideas do not invalidate the ar-
gument of Bohr concerning the impact
of an additional particle on a nucleus.
Here we are concerned with a particle
that has a good deal of spare energy,
namely the energy required to remove
the particle from a nucleus once the par-
ticle has got trapped in it. Thus the parti-
cle can easily exchange energy with the
other constituents of the nucleus with-
out violating the exclusion principle.

But this problem, too, has more than
one side to it. In the study of the neu-
tron resonances which were mentioned
earlier, and in the similar collisions of
protons with nuclei, it was found that
not all the resonances were of the same
strength. For a given neutron speed
there were some nuclei that showed
particularly strong resonances, or con-
versely, for any one nucleus there were
some regions of neutron speed in which
the resonances were particularly pro-
nounced. Such regions are called “giant
resonances.”

The Optical Model

These results were linked by Victor
F. Weisskopf of the Massachusetts Insti-
tute of Technology to an “optical model”
of the nucleus in which we go back to
the picture of the particle moving by
itself through a field of force. To this
picture, however, we add the possibility
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SHELL MODEL of the nucleus is represent-
ed by a potential “well” in which the groups
of horizontal lines indicate orbits that can
be occupied by particles in the nucleus. The
groups of solid gray lines indicate orbits of
lower energy; the groups of broken gray
lines represent orbits of higher energy.

LIQUID-DROP MODEL may also be repre-
sented as a collection of golf balls. When an-
other particle, or golf ball, enters the nucle-
us, the motion of all the balls is disturbed.

OPTICAL MODEL pictures the nucleus as
a somewhat cloudy crystal ball. The cloudi-
ness represents the tendency of bombarding
neutrons to be absorbed by the nucleus.
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Attachments and accessories that turn Unimat into a

complete machine shop: 1. Lathe 2. Drill Press
3. Tool and Surface Grinding Machine 4. Milling
Machine 5. Polishing and Grinding Machine 6. Jig Saw
7. Threader 8. Circular Saw 9. Indexer and Divider.

“To mention a few:

Atom Products Division of GE,
U.S. Naval Research,

Bell Telephone Laboratortes
Westinghouse,

Pratt & Whitney,

Raytheon,

NYU-Bellevue Medical Center.
Sandiwa Corp.,

Smithsonian Institute,

General Motors

Write for illustrated literature and price list

AMERICAN-EDELSTAAL UNIMAT DIV.

Dept. No. SA5 « 350 Broadway « N. Y. 13, N. Y.
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LOW-ENERGY ORBITS in the shell model of the nucleus may each be occupied by only
two neutrons (colored balls) and two protons (black balls). In the normal state of affairs
(left) the low-energy orbits are filled; the particles cannot gain or lose energy, and thus
cannot change their orbits. A bombarding particle (upper right) has energy to spare; thus
it can exchange energy with a particle in nucleus and move it to orbit of higher energy.

of the particle being absorbed, i.e., lost
from the beam of bombarding neutrons
[see “A Model of the Nucleus,” by
Victor F. Weisskopf and E. P. Rosen-
baum; ScieEnTiFic AMERICAN, Decem-
ber, 1955]. How can we understand the
success of this picture of independent
particle motion in view of the Bohr ar-
gument?

The answer to this question has been
given in essence by Weisskopf. It may
be expressed by considering the time
sequence of events. To be sure, the bom-
barding particle is likely to be disturbed
from its path by collisions, but this will
take a little time. So for a short time it
will penetrate into the nucleus on a
regular orbit, and this initial period is
important for determining whether it
will actually get deep inside or be turned

\
\“.hlsn

NUMBER OF NEUTRONS CAPTURED

|
4\ i
il ‘ L Il‘

back at the surface. Now, to recall once
again the uncertainty principle, we know
that in talking about a short time inter-
val we must not try to specify the energy
too accurately. We should therefore
think not of neutrons with a well-defined
energy, but of a beam of neutrons vary-
ing in energy by an amount that is
greater the shorter the time in which
they are likely to be involved in colli-
sions inside the nucleus. Experiments
often make use of such mixed beams, if
the experimenter does not take trouble
to select the neutron energies accurate-
ly. If we have data with accurate energy
selection we should lump together the
observations over a suitable range of
energies.

Then we do not see the sharp reso-
nances any more because there will al-

NEUTRON ENERGY

GIANT RESONANCES of a typical nucleus are indicated by the colored curve. Each of
the vertical lines represents an ordinary resonance. The height of each line denotes the
number of bombarding neutrons at that energy which are trapped within the nucleus, or
which emerge from the nucleus with only part of their original energy. Giant resonances are
observed when nucleus is bombarded with particles of lower energy and lower resolution.
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ROTI Mark |

ROTI Mork It

_ Auto-Zoom lens
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-

2

L)

Satellite Tracking
Camera

Azimuth Alignment

Theodolite

P-E optical range instrumentation

provides vital missile data
checks behavior from production through flight

Engineers must see what is happen-
ing to a missile at every stage of its
life. And Perkin-Elmer optical range
instruments help them see . . . on the
production line where stable plat-
forms are aligned by P-E theodolites

. at the launching site where P-E
instruments first lay the missile for
flight and then record vital data about
its ascent . . . downrange where P-E
tracking instruments let observers
watch — and learn from — its meteoric
journey across the skies.

Data grows more complex as the
state of the art advances and the de-
mands upon optical range instrumen-
tation multiply. That calls for a high
order of creative engineering. The
number of P-E instruments in the
missile program today demonstrates
the emphasis that Perkin-Elmer places
on this singular talent.

ROTI (Recording Optical Tracking Instrument)
Mark | — Twin telescopes equipped with
cameras track and record flight data on
missiles and airborne objects.

ROTI Mark Il — Single telescope and cam-
era with velocity memory circuits for
tracking objects that pass behind clouds
or other obstructions.

TPR (Telescopic Photographic Recorder) — A
mobile unit similar in function to ROTI,
but designed for easy mobility to any site
accessible to prime mover.

Kth57 Cine-Theodolite—Intermediate range
instrument for evaluation of AA fire,
monitoring bombing runs, etec.

Azimuth Alignment Auto-Theodolite — Short,
intermediate and long range models align
inertial guidance systems at assembly

and at the missile launching site.
Sighting Telescope — Combines wide field
of view and high magnification for quick
target acquisition.

SATRACK (Satellite Tracking Camera) — Em-
ploys P-E aspheric optical systems. High
light-gathering power, wide field of view
will enable camera to photograph IGY
satellites.

Auto-Zoom* Lens— Extends versatility and
range of standard closed circuit TV cam-
eras. Permits remotely controlled wide-
angle or closeup observation of action,
target or instruments.

An interesting booklet, “Optical Track-
ing Instruments,” describes these and
other P-E instruments for the Space Age
more fully. Write for it. *T.M.

ENGINEERING AND OPTICAL DIVISION

Perkin-Elmer ¢y

NORWALK,
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OXYGEN NUCLEI ARE BOMBARDED with neutrons in this
apparatus at the Brookhaven National Laboratory. The neutrons
are produced by the Brookhaven nuclear reactor, the concrete

ways be many of them within the energy
range we use. The result we get in this
way will reflect the number and strength
of the resonances within the selected
range. But we may now think of these
results also as determined by the first
short time interval of the event, and as
the neutron pursues a regular orbit dur-
ing this short time interval the results
now should reflect the behavior of such
regular orbits. This therefore leads us
directly to the picture of the optical
model, which has neutrons traveling in
regular orbits. The absorption which was
allowed for in Weisskopf’s optical model
merely reflects the fact that the particles
do not stay on such a regular orbit for-
ever, but are sooner or later removed
from it by collisions with other particles.

The strength of this absorption is thus
related to the rate at which collisions
occur inside the nucleus. If they are
very frequent, so that the particle covers
only a small fraction of the nuclear diam-
eter before it hits something, the “giant
resonances,” which correspond to the
orbits of a single particle, will become

82

weaker and more diffuse. The fact that
they are found to be pronounced and
distinct shows that the particle has a fair
chance of completing at least one revo-
lution in its orbit. In this respect we see
that the extreme form of Bohr’s liquid-
drop model, or our simple picture of
golf balls, exaggerates the situation. But
we have succeeded in reconciling Bohr’s
explanation of the many sharp reso-
nances in terms of the many-body as-
pects of the problem, with the super-
imposed structure of giant resonances,
which characterize the early stages of
the process.

It remains to account for the quanti-
tative features of the optical model—and
in particular for the long time a particle
can stay in its orbit before being thrown
out of it by a close encounter with an-
other particle—in terms of the basic
forces. A promising attack on this prob-
lem is now under way. The workers en-
gaged in it include G. E. Brown in the
author’s group at the University of Bir-
mingham. In particular, the low rate of
collisions is seen to be linked again with

© 1958 SCIENTIFIC AMERICAN, INC

shield of which is visible at right. The oxygen atoms are contained
in the long tank in the middle of the picture. The neutrons which
are not absorbed are counted in the shorter tank at lower left.

the effect of the exclusion principle. We
have seen that this cuts down the rate
of collisions in a normal nucleus dras-
tically. In the impact problems where
there is more energy to spare, the colli-
sions are more frequent, because there
are more orbits available that are not
already occupied, but the prohibition is
still partly effective and the collision rate
is still a good deal less than that sug-
gested by the picture of golf balls, for
which all quantum effects, including the
exclusion principle, are of no impor-
tance.

A picture thus emerges in which the
various, apparently contradictory, mod-
els of the nucleus are seen as consistent
parts of a whole, each appropriate for
answering certain questions about the
behavior of nuclei. There are problems
for which yet other models have to be
used, including the important “collective
model” developed by Aage Bohr and B.
Mottelson of Copenhagen, but it would
exceed the scope of this article to de-
scribe them and show how they fit into
the story.
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Phase Diagram for H.O

Equiphase Cell

FOR TEMPERATURE

A new primary temperature standard,
using the triple point of water, is now in
use in national standards laboratories
throughout the world. This new standard
defines the triple point of water as 0.01°C.
It has been recommended by the Inter-
national Committee on Weights and Meas-
ures as the standard for the International
Temperature Scale, and is already the
standard on the thermodynamic scale
(273.16K).

The triple point of water is attained by
partially freezing pure water in an evac-
uated and sealed glass system. A triple
point of water cell maintains its true refer-
ence temperature of 0.01°C when ice, wa-
ter and water vapor exist at 4.58 mm Hg.

Triple Point Cells which meet the exact-
ing requirements for use as a primary tem-
perature standard are now available from
Trans-Sonics,Inc. in a convenient, easy-to-
use package. Called an Equiphase* Cell,
this instrument is ideal for use in research
laboratories, quality control and standards
departments, or wherever a highly accurate
and reliable primary temperature standard
is required. Equiphase Cells come complete
with full instructions for use, and are con-
structed so there is no possibility of con-
tamination with consequent loss of accu-
racy. Write for Equiphase Cell Technical
Bulletin to Trans-Sonics, Inc., Dept. 17,
Burlington, Mass.

TRANS-SONICS

7% o 7’ :
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We’re new to the textile business . . .
at least the fiber end of it. But for some
years Allied has concentrated on textile
chemicals, and we’ve some reputation
for our dyes, processing chemicals and
finishing agents. So we took our chemi-
cal experience into fibers.

Allied turned to synthetic fibers as a
new area for product achievement
about ten years ago. Researchers
worked on an important member of the
polyamide family which had remained
unexploited, nylon 6, and developed
specific processes to improve its molec-
ular architecture.

At the same time, they were meticulous
about the purity of the starting mate-
rial, epsilon-caprolactam monomer. So
meticulous that it is the purest any-
where in the world. Color, for example,
is specified at a maximum of 25 on an
APHA standard; we usually bring it in
at 3, and cannot detect color without
instruments. The narrow range of alka-
linity is such that it cannot be measured
on a conventional pH meter. And the

e

Dyeability. Dark areas show dye penetrating
CAPROLAN carpet staple in contrast to surface-
tintlng conventional nylon (light areas). Both
nylons were dyed together in the same bath.

principal impurity, specified at a maxi-
mum of 25 parts per million, is normally
analyzed at 5 p.p.m.

Purity shows up in a fiber as whiteness
and uniformity. But the creative proc-
ess is rarely easy, and a lot of sweat,
tears and caprolactam went into this
project. The result is what our sales
manager, with customary modesty, de-
scribes as “the first truly new nylon in
20 years.” We call it CAPROLAN.
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RESEARCH

CRIMPED

Texturized filament CAPROLAN yarn. Each skein is 60 yards of the same weight.
Note how texturizing processes offer versatility of style and design.

So it’s new. But how good is it—and
what’s it good for?

Well, CAPROLAN is good for (actu-
ally better, of course) everything con-
ventional nylon fiber is good for—car-
peting, upholstery, outerwear, marine
cordage, safety belts and many indus-
trial uses. (If you should ever need an
industrial sling—some people do, you
know—CAPROLAN’s tensile strength is
such that you can make one with a
breaking strength of 195,000 pounds.)

A lot of CAPROLAN is going into tire
cord, too, where its resistance to heat,
fatigue and shock makes driving safer.
And cordage manufacturers are mak-
ing CAPROLAN marine hawsers of
7-inch circumference that outperform
8-inch lines of conventional nylon.

But the use which best highlights the
capabilities of CAPROLAN lies in the
sphere of textiles. So here, unsuccess-

llied

hemical

BASIC TO AMERICA’S PROGRESS
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fully resisting the temptation to point
out it makes a darn good yarn, we’ll
talk about two of its paramount virtues
—dyeability and texturizing.
Dyeability. This new nylon, being a
white white, gives truer colors. It has a
marked affinity for virtually every class
of dyestuff, and its “deep-dye” charac-
teristic permits dyes to penetrate deep
into the fiber itself instead of being
merely deposited on the surface.

Texturizing. In filament yarns, a door
is opened to fabric engineering and
design. Due to their parallel arrange-
ment of filaments, CAPROLAN heavy
yarns are especially compliant to the
newer texturizing processes (often
called “bulking”). One of our statistic-
ally minded engineers has estimated
that45,759 completelynewand different
yarns are possible, depending on varia-
tions in denier and bulking processes.

WE’D LIKE TO TELL YOU MORE of
the outstanding performance charac-
teristics of CAPROLAN—and in greater
detail. Why not write us, indicating
your interest in carpeting, upholstery,
cordage, tires or whatever, and telling
us what you can about your proposed
use of this new nylon. Address: Allied
Chemical Corporation, Dept. 19-S,
61 Broadway, New York 6, N. Y.

CAPROLAN is an Allied Chemical trademark.



MOLECULAR SIEVES

The zeolite minerals, whose crystals contain a myriad of minute

pores, have made possible a new branch of chemical technology.

They can perform precise separations of very similar molecules

n amateur mineralogist, probing a
A cavity in a volcanic outcrop, will
occasionally come upon a gleam-

ing white cluster of prismatic, rhom-
bohedral or needle-like crystals. Tapped
loose from their black basaltic matrix and
examined at leisure, they display some
unusual properties. When one of these
crystals is heated gently in a test tube,
it will give off water vapor, but unlike

by D. W. Breck and J. V. Smith

most other water-bearing crystals it will
not disintegrate in the process. When it
cools, it will adsorb water to replace that
which it has lost. When such a crystal
is heated to a higher temperature in a
flame, it will sometimes seem to melt and
boil simultaneously as it fuses into a bub-
bly glass. These crystals are zeolites
(from the Greek zeo, meaning to boil,
and lithos, meaning stone). The unique

molecular structure which explains their
peculiar behavior is now making itself
useful in a new branch of chemical tech-
nology.

The Swedish mineralogist Baron
Cronstedt gave these “boiling stones”
their name some two centuries ago. Min-
eralogists later distinguished some 40
kinds of zeolites, each with its own crys-
tal structure. Analysis showed that all of

NATURAL ZEOLITE CRYSTALS are found in the crevices and
cavities of volcanic rocks. Shown here are the rhombohedral crys-
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tals of chabazite, one of the commonest of these rare minerals. Some
other varieties of zeolites have prismatic or needle-like crystals.
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SYNTHETIC ZEOLITE CRYSTALS can now be grown in the

laboratory. This series of electron micrographs (magnification sodium gel (upper left) and ends with a dense mass of cubical
30,000 diameters) shows the growth of “Type A” zeolite crystals.

The process begins with an amorphous mass of silica-aluminum-

crystals (lower right) averaging about .001 millimeter on a side.
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them are complex silicates containing
aluminum and one or more other metal-
lic elements: usually sodium, potassium
or calcium. However, zeolites of the
same crystalline form frequently differed
in chemical composition. Three speci-
mens—each with the same proportion of
silicon, aluminum and oxygen—might
contain sodium in one case, calcium in
another and both in a third. Chemists
were able to explain these puzzling vari-
ations when they found that zeolites
could exchange electrically charged
atoms (i.e., ions) with other substances.
For example, when they soaked a sodi-
um-bearing zeolite in a solution of calci-
um chloride, the sodium and calcium
ions gradually changed places and the
crystal became a calcium-bearing zeolite.
Manufacturers of water-softening equip-
ment have for many years taken ad-
vantage of this property by using amor-
phous (noncrystalline) zeolites to re-
move the calcium ions which make
water hard.

Though ion exchange accounted for
the varying composition of some zeolites,
it did not explain their mysterious ability
to lose and gain water. Indeed, it pro-
vided a mystery of its own. Feldspars,
which are common minerals of much the
same composition as zeolites, do not ex-
change ions and do not contain water.
Crystals of other substances which do
contain water normally disintegrate
when the water is driven off by heating.
A number of investigators suggested that
the properties of zeolites could be ex-
plained on the assumption that these
crystals possessed a porous structure.
X-ray diffraction studies in the early
1930s confirmed this hypothesis. The
diffractioni patterns of several zeolites
showed that each crystal contains a pre-
cisely arrayed network of minute cavi-
ties linked by apertures. The water mole-
cules and exchangeable ions lie in the
cavities, not in the crystal framework,
and can pass through the apertures. This
arrangement makes possible reversible
dehydration and ion exchange.

he fundamental “building block™ of

any zeolite crystal is a tetrahedron
of four oxygen ions surrounding a small-
er silicon or aluminum ion. Each of the
oxygen ions has two negative charges;
each silicon ion has four positive
charges; each aluminum ion, three. A
silicon thus takes on a “half-interest” in
the eight charges of the four oxygens
which surround it. Each oxygen retains
one negative charge which enables it to
combine with another silicon or alumi-
num ion and extend the crystal lattice in
all directions. The aluminum ion, with

one less positive charge than the silicon,
can only satisfy three negative charges
of the four oxygens which surround it.
To produce a stable crystal structure it
must have the help of another positively
charged ion. This is the function of the
exchangeable ions. A sodium or potas-
sium ion can make up the charge deficit
of one aluminum ion; a calcium ion, with
two charges, will neutralize two alumi-
nums. The exchangeable ions attach
themselves loosely to the oxygens at the
corners of the tetrahedra.

The structure of most crystals extends
uniformly in all directions without leav-
ing empty spaces. In zeolites, however,
the framework of silicon-oxygen and
aluminum-oxygen tetrahedra forms a
structure which is honeycombed with
relatively large cavities. The shape and
size of the cavities depend on the va-
riety of zeolite. For example, in chaba-
zite, which is one of the commonest zeo-
lites, six silicon and aluminum ions, with
their associated oxygens, form a tight
hexagon. Two of these hexagons face
each other to form a flattish prism. Eight
prisms linked together partially enclose
a roughly football-shaped cavity whose
longest diameter is about 11 angstrom
units (one angstrom unit is a hundred
millionths of a centimeter). Each cavity
connects with six adjacent cavities
through apertures about 3.9 angstroms
in diameter [see illustration on next
page].

Feldspars, which are commonly found
in association with zeolites, are built of
the same silicon-oxygen and aluminum-
oxygen tetrahedra. In volcanic rocks
both minerals evidently originated in
hot, water-bearing lavas. After most of
the minerals in the lava had crystallized
out as feldspar, the zeolites formed in
the dilute solution which remained. Un-
like the feldspars, they crystallized in
such a way as to leave room for part of
the excess water within their cavities. A
cubic inch of chabazite contains about
5 X 1021 cavities, each filled with 24
molecules of water, along with four cal-
cium ions.

If the myriad pores of a zeolite crystal
are emptied of water by heating, it can
adsorb other molecules like a sponge.
Chemists investigating this phenomenon
in the 1920s noticed that zeolites ad-
sorbed some substances but not others.
J. W. McBain of Stanford University
seems to have been the first to speak of
zeolites as “molecular sieves,” thus sug-
gesting that they could be used to sepa-
rate one kind of molecule from another.
Zeolites, in fact, resemble a “jungle gym”
through which small children (i.e., small
molecules) can move easily while larger
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“BUILDING BLOCKS?” of all zeolites are
tetrahedra of four oxygen ions (color) sur-
rounding a silicon or aluminum ion (dark
gray). Silicon ion (in upper drawing) has
four positive charges, which cancel half the
charge on each oxygen. The remaining
charge on each oxygen ion combines with
anothersilicon or aluminum. Aluminum ion
(in lower drawing) has only three positive
charges; the deficit must be made up by an-
other positive ion, e.g., sodium (light gray).

children can move only with difficulty
or not at all. For example, water mole-
cules easily pass into a chabazite crystal
but the larger molecules of propane must
remain outside.

In 1938 R. M. Barrer, now of Imperial
College in London, undertook a lengthy
study of zeolite molecular sieves. His in-
vestigations led the Linde Company to
inquire whether zeolites could be used to
separate atmospheric gases. In 1948 a
group of Linde researchers, including
one of us (Breck) set out to answer this
question.

We first had to secure an adequate
supply of zeolites. The rarity of natural
zeolite crystals compelled us to seek
ways to produce our sieves artificially.
Some types of zeolites had been grown
in the laboratory, but the crystals in-
variably had small cavities and small
apertures. We found that these unsatis-
factory results stemmed from the use of
relatively insoluble ingredients which
necessitated growing the crystals at high
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MOLECULAR STRUCTURE OF ZEOLITES reveals the cavities
which account for their peculiar properties. Silicon and aluminum
ions (not shown) occupy the corners of the frameworks depicted

temperatures. By using more soluble
starting materials (a mixture of sodium
and aluminum oxides and freshly pre-
pared silica gel) we were able to hold
down the temperature and produce crys-
tals with a high adsorptive capacity. At
first we grew them in a sort of pressure
cooker; more recently we have obtained
good yields at atmospheric pressure.
By 1952 we had produced nearly a
dozen types of synthetic zeolites.
Some were analogues of natural crystals;
others were entirely new varieties, in-
cluding a most useful new sieve we call
Type A. This synthetic zeolite has pores
of a high capacity, and apertures that
can be adjusted to perform many useful
separations. Moreover, it withstands
temperatures as high as 700 degrees cen-
tigrade—hot enough to melt aluminum.
The roughly spherical cavities, some 11
angstroms in diameter, each have a vol-
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ume of about 925 cubic angstroms. To-
gether they account for about half the
volume of a crystal [see illustration on
opposite page]. The crystals themselves
are about 1,000th of a millimeter across.
We can grow them larger, but the small-
er crystals seem to sieve quite as effi-
ciently as the large ones.

The “mesh” of a zeolite sieve of course
depends not on the volume of the cavi-
ties but on the diameter of the apertures
which connect them. The apertures of
sodium-bearing Type A have a diameter
of 3.5 angstroms. One might expect that
molecules more than 3.5 A. in diameter
would be unable to enter the crystals,
but the reality is not quite so simple. We
find, for example, that ethane molecules,
with a diameter of 4 A., readily pass
through the 3.5-A. apertures at normal
temperatures; propane molecules, 4.9 A.
in diameter, do not. The reason becomes
clear enough when we recall that atoms

© 1958 SCIENTIFIC AMERICAN, INC

schematically in black; they are surrounded by oxygen ions (col-
ored spheres). Each unit of the framework contains one large
cavity which is connected to adjacent cavities through apertures.

are not rigid bodies. They more nearly
resemble pulsating rubber balls. The
pulsations of both the aperture atoms
and the incoming molecules combine to
make the effective diameter of the aper-
ture considerably larger than its “free”
diameter of 3.5 A. Moreover, the kinetic
energy of the incoming molecules helps
them to “shoulder their way” through
the opening. We have found in general
that at ordinary temperatures molecules
up to .5 A. wider than the free diameter
of the aperture can pass through it easily.
Larger molecules enter the crystal with
greater and greater difficulty; molecules
1 A. wider cannot enter at all.

Because heat so directly affects the be-

havior of molecules, the regulation
of temperature gives us precise control
over the sieving properties of a zeolite.
Molecules that are no wider than the
free diameter of the apertures enter the



The diameter of the apertures determines the sieving properties
of a particular zeolite. Chabazite (left), a natural zeolite whose
crystal structure was determined at Pennsylvania State University,

crystals more readily at lower tempera-
tures. Somewhat larger bodies, however,
behave peculiarly as the temperature
drops. Argon, for example, shows an in-
creasing rate of adsorption down to
-—-150 degrees C., but below this tem-
perature the rate falls sharply. Nitrogen
shows a similar drop at —120 C. Oxy-
gen, by contrast, is freely adsorbed even
below —200 C. Evidently the effective
diameter of the apertures depends partly
on the temperature. Chilling a crystal
damps the vibrations of its atoms and
“shrinks” the effective diameter of the
apertures to something approaching
their free diameter. Cold also cuts down
the kinetic energy of the gas molecules.
The oxygen molecule, only .1 A. wider
than the apertures, can still pass through
freely (except, perhaps, at temperatures
close to absolute zero). The larger argon
atom does not have enough energy be-
low —150 C. to squeeze through. The
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nitrogen molecule, still larger, finds the
squeeze even more difficult, and is
blocked below —120 C. [see top illustra-
tion on next page]. If we fill a zeolite
crystal with argon or nitrogen and cool
it to —200 C., the gas will be trapped in
the crystal.

We can alter the “mesh” of our sieve
not only by changing its temperature
but also by introducing different ions
into it. In the sodium-bearing Type A
zeolite, 12 sodium ions are associated
with every cavity. Four of them take
positions in or near the apertures and
partially block them. Since there are six
apertures and only four blocking ions, it
might seem that two apertures would be
unobstructed. But since each aperture
serves two cavities, eight ions are avail-
able for every six apertures; the free di-
ameter of the apertures is thus reduced
to 3.5 A. If we soak the sodium-bearing
crystal in calcium chloride solution, a

© 1958 SCIENTIFIC AMERICAN, INC

has apertures about 3.9 angstrom units in diameter. Apertures of
“Type A,” a synthetic zeolite (right), are only about 3.5 A. in
diameter, due to sodium ions (gray) which partially block them.

single calcium ion replaces each pair of
sodium ions. With only four ions now
available for six apertures, two apertures
will be unobstructed, and their diameter
will increase to 4.2 A. We need not re-
place all 12 of the sodium ions in each
cavity. For some as yet unknown reason
the calcium ions first replace the block-
ing sodium ions. Thus we find that hep-
tane, which cannot enter the sodium
form of a Type A zeolite, begins to be
adsorbed rapidly when only a third of
the sodium ions have been replaced.
Ion exchange and temperature, work-
ing separately or together, can adjust the
mesh of a molecular sieve to the needs of
a particular separation problem. A good
example of the practical application of
this principle is the use of the calcium
variety of zeolite A to upgrade gasoline.
As it comes from the refinery, gasoline
consists of a mixture of hydrocarbons,
some of which ignite more readily than
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EFFECT OF TEMPERATURE on zeolite apertures is shown
schematically. At 0 degrees centigrade (left) the oxygen (color)
and sodium (light gray) ions which form the aperture pulsate rap-

others. Hydrocarbons whose carbon
atoms are arranged in straight chains
(for example, normal octane) tend to
ignite prematurely, producing a “knock”
which cuts the efficiency of the engine
and may even damage it. Hydrocarbons
with a branching structure (for example,

MOLECULES IN EACH CAVITY {NUMBER)

0

iso-octane) burn less explosively and
thus have a higher anti-knock or “octane”
rating. Since the other physical and
chemical properties of octane and iso-
octane are almost identical, they cannot
easily be separated by conventional
methods such as distillation.

or——T——

—

idly (arrows) . Nitrogenmolecule (dark gray) can enter even though
sodium ion partly blocks the way. At —150 degrees C. (right)
the pulsations are damped and nitrogen molecule cannot enter.

The sodium form of a Type A zeolite
will not sieve octane from iso-octane,
since neither molecule can enter its
narrow apertures. The calcium form,
however, separates the two without dif-
ficulty. The long, slender molecules of
normal octane slip easily into the crys-

MOLECULES IN EACH CAVITY (NUMBER]

—200 —150 —100

ADSORPTION OF GASES by zeolites normally increases at
lower temperatures, as shown by curve for oxygen. Adsorption
of nitrogen and argon drops off at —100 and —150 degrees C.
due to “squeeze” shown at the top of this page. Below these
temperatures, gas already in cavities is trapped (broken lines).
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200
PRESSURE (MILLIMETERS)

300 400 500 600

ADSORPTION OF HYDROCARBONS by zeolites is much greater
for “unsaturated” hydrocarbons whose molecules contain double or
triple bonds. From top to bottom the curves show adsorption (at
150 degrees C.) of propylene, ethylene, acetylene and iso-butylene
and propane, ethane and methane

(saturated) .



Foxboro
makes a better
instrument

... or Foxboro
doesn’t

make it!

Precision calibration of the d/p Cell Flow Transmitter — a Foxboro development which
has improved processing accuracy in more than 60,000 installations.

FOXBORO

REG. U.S. PAT. OFF.
Creative Design and Manufacture of Instruments and Instrument
Systems for Measurement and Control of Process Variables. The Foxboro Company, Foxboro, Mass., U. S. A.
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ZEOLITE SIEVE SEPARATES normal octane and iso-octane, two constituents of gasoline.
Blue spheres indicate apertures of “Type A” zeolite; the sodium ions which partly block
the apertures have been replaced by calcium ions (not shown) which do not. Straight-chain
molecule of normal octane (left) can pass through the aperture; branching molecule of iso-
octane (right) cannot. Except for iso-octane’s higher “anti-knock” rating, the two compounds
have almost identical properties, and are thus very hard to separate by ordinary methods.

tals, while the wider, branching mole-
cules of iso-octane cannot [see illustra-
tion above]. Eventually, of course, the
crystals become saturated with normal
octane, but they can be quickly re-
generated by a stream of hot gas.

Zeolite molecular sieves can not only

separate molecules of different sizes;
they can also segregate molecules of the
same size but different electrical proper-
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ties. The crystals have a particularly
strong affinity for water molecules, and
will adsorb them in preference to any
other substance. The structure of the
water molecule is asymmetrical: the two
positively charged hydrogen atoms are
both attached to the same side of the
negatively charged oxygen atom. This
“polar” structure gives the molecule a
partial positive charge on one side and
a partial negative charge on the other,
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FLIGHT DATA and \
CONTROL
ENGINEERS

Cross new frontiers in system
electronics at The Garrett Corpo-
ration.

High-level assignments in the de-
sign and development of system elec-
tronics are available for engineers in
the following specialties:

1. ELECTRONIC AND FLIGHT DATA
SYSTEMS AND CONTROLS A wide
choice of opportunities exists for
creative R & D engineers having
specialized experience with control
devicessuchas: transducers, flight data
computers, Mach sensors, servo-mech-
anisms, circuit and analog computer
designs utilizing transistors, magamps
and vacuum tubes.

2.SERVO-MECHANISMS AND
ELECTRO-MAGNETICS Requires engi-
neers with experience or academic train-
ing in the advanced design, development
and application of magamp inductors and
transformers.

3. FLIGHT INSTRUMENTS AND TRANS-
DUCERS

1) DESIGN ANALYSIS Requires engineers
capable of performance analysis
throughout preliminary design with
ability to prepare and coordinate re-
lated proposals.

2) DEVELOPMENT Requires engineers

skilled with the analysis and synthesis

of dynamic systems including design

of miniature mechanisms in which low
friction freedom from vibration
effects and compensation of thermo
expansion are important.

4.PROPOSAL AND QUALTEST
ENGINEER For specification
review, proposal and qualtest
analysis and report writing assign-
ments. Three years electronic,
electrical or mechanical experi-
ence required.

Forward resume to:
Mr. G. D. Bradley

THE CORPORATION

9851 S. Sepulveda Blvd.
Los Angeles 45, Calif.

DIVISIONS: oles
Airesearch Manufacturing—Los Angnix
AiResearch Manufactunng.—-Phoe
AiResearch Industrial
Air Cruisers ® Air§upply
Aero Engineering

AiResearch Aviation Service




OUT OF THE LABORATORY

Violent vortex produces refrigeration... with no moving parts.
The vortex tube is a refrigerating device requiring no maintenance. It can be permanently
sealed in nuclear reactors and is also finding many other uses in industries with spot cooling problems.
Compressed air enters the vortex chamber pictured here and spins rapidly
down an attached tube. Pressure and temperature differences build up, forcing cold air out one end

and hot air out the other. .. another Garrett contribution to industrial progress.

ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING, OFFICES IN MAJOR CITIES

CORPORATION
AiResearch Manufacturing Divisions

Los Angeles 45, California « Phoenix, Arizona

THE

Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS
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Goodyear Aircraft Corp.

home life at its best
in the valley of the sun

CHALLENGING WORK

GOODYEAR AIRCRAFT EXPANDING
ARIZONA ELECTRONIC LABORATORY

LONG RANGE PROGRAMS

DYNA-SOAR
MISSILE GUIDANCE

ADVANCED RADAR TECHNIQUES

ELECTRONIC ENGINEERING POSITIONS AVAILABLE

Company Financed Graduate Courses

Send resume to: A. E. Manning
Engineering and Scientific Personnel

Similar opportunities available in our Akron, Ohio, Laboratory
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PRODUCT DESIGN
TESTING

Litchfield Park, Ariz.

You Get Things Done With

Boardmaster Visual Control

Gives Graphic Picture of Your Operations—
Spotlighted by Color

% Facts at a glance — Saves Time, Saves
Money, Prevents Errors

5% Simple to operate — Type or Write on
Cards, Snap in Grooves

Y% Ideal for Production,
Scheduling, Sales, Etc.

Y% Made of Metal. Compact and Attractive.
Over 300,000 in Use

Complete price $495° including cards
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Write for Your Copy Today
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55 West 42nd Street ¢ New York 36, N. Y.
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A 66-inch Slide-rule
for your pocket

The GARFIELD Calculator
carries 66-inch spiral scales
yet measures only ten inches
fully extended_ and six inches
when closed. Four to five

ure accuracy can be relied
on. It is indispensable to the
scientist, research worker and
student. Administrative staff
and business men will find it

of tremendous value for a
host of estimating and check-
ing calculations.

The GARFIELD Slide Rule
solves multiplication, division,
percentage calculation and
gives 5 place logarithms.

Slide Rule Open

You may use it for 30 days and if you
are not satisfied repack and mail it back.

What our users say:

‘It does_all you claim—four
or five figure accuracy with-
out eyestrain or magmﬂers
Half an hour s stud) is ample
for its use.”

“I use the Lalculator for all
my slide rule work and need
the extra digit which normal
slides rules cannot give. I had
to get one of my customers a
GARFIELD Slide Rule last
month after using mine in his
office.”” E. & G.H. Textile
Manufaeturers

bl
Slide Rule Closed
Send for yours now—Only $19.95 postpaid.

Oliver Garfield Co., Inc., Dept. SA-19
108 E. 16th St., New York 3, N. Y.
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though the molecule as a whole is elec-
trically neutral. These partial charges
and similar charges on the inner sur-
faces of the zeolite cavities attract one
another. So strong is the attraction that
zeolite crystals will retain all their water
at temperatures well above the boiling
point, and can scavenge small residues
of water at even higher temperatures.
Zeolites are so avid for water that they
can reduce the proportion of water in a
gas or liquid to as low as four parts per
million. This provides the basis for a
highly efficient drying technique which
is already being applied commercially by
chemical processors to handle large
quantities of natural gas at low tempera-
ture. Even small quantities of water
combine with the hydrocarbons of natu-
ral gas to form hydrates which can freeze
and clog pipes.

Along with their preference for water,
zeolites display a somewhat similar pref-
erence for certain types of hydrocarbons.
We have found that unsaturated hydro-
carbons, in which some carbon atoms are
joined by double or triple chemical
bonds (for example, ethylene) are more
“at home” in zeolites than saturated hy.
drocarbons which contain only single
bonds (for example, ethane). Ethane
and ethylene differ little in their physical
properties, and their molecules are about
the same size. Yet if we pass a mixture
containing equal parts of the two sub-
stances through a bed of Type A zeolite
(either the sodium or the calcium form),
80 per cent of the molecules that enter
the crystals will be ethylene. Zeolites
prefer unsaturated hydrocarbons because
the molecules of these substances con-
tain loosely bound electrons which give
them polar characteristics resembling
those of water molecules.

By choosing appropriate species of
zeolites, matching their ionic con-
tent to the needs of a particular separa-
tion problem and juggling the tempera-
ture of the operation, we are developing
a variety of new industrial sieving tech-
niques. For example, we can now em-
ploy zeolites as “carriers” for certain
catalysts which were previously unusa-
ble because of their high volatility. By
trapping these substances in zeolites, we
can use them to facilitate chemical reac-
tions without losing them in the process.
Zeolite adsorption may prove to be a
safe method of disposing of radioactive
wastes and ensuring that they do not
contaminate water supplies or vegeta-
tion. But even if zeolites had no practical
use whatever, they would fascinate the
investigator because of the elegance of
their unique molecular architecture.
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rIRST

SPACE
COMMUNICATION
STATION

On 12 October 1958, an historic event took place, A group of 3pace Technology Laboratories’
engineers at Cape Canaveral, Florida, transmitted radio signais far out into space to the
NASA /Air Force Pioneer space probe vehicle. The tiny receiver and tranamitter in the Pioneer
relayed these same signals to the Space Technology Laboratorizs’ group ar Manchester
University, England. » This significant experiment promises, like those ear'ier achievements
of Morse, Bell, and Marconi, to pave the way for the use of space vehic'es to reiay information
to and from points on earth. One day the entire world will view televised events as they
happen. ® Future experiments of this kind will undoubtedly assist mankind in his search to
understand, use, and benefit from his knowledge of space phenomena. ® Scientists and
engineers whose interests and abilities enable them to contribute to thase developments

are invited to join our technical staff,

Space Technology Laboratories, Inc. p.0.Box 95001, LOS ANGELES 45, CALIFORNIA
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Dr. Adolf H. Knothe of Dr. Wernher von Braun’s
staff discusses a problem with Dr. Helmut
Sassenfeld and Mr. William D. Smythe of the
Huntsville Computer Center, operated by
General Electric for the Computation Laboras
tory, Army Ballistic Missile Agency.

Mathematicians ... Physicists ... BS, MS or PhD

TIME=
SPACIEE
PREDICTIONS

offer growing professional
opportunities to Scientific
Computer Programmers with

GENERAL ELECTRIC

B Scientists with comprehensive knowledge of mathematics and
physics, including astronautics, who have worked with scientific
computers, have a significant role to play at the Huntsville Com-
puter Center.

As Computer Programmers, for instance, they are responsible
for the analysis and programming of equations used to describe,
elliptically, the trajectories of missiles and satellites proposed by
Dr. Wernher von Braun’s Development Operations Division of the
Army Ballistic Missile Agency.

They work directly with the scientists from the Army Ordnance
Missile Command at Redstone carrying out the translation step
between the problem and its computer solution.

And this is only one phase of the broad computer program
operated by General Electric at Huntsville. Other problems include
space vehicles, flutter, heat transfer, fuel sloshing, etc. as well as
business data processing.

B G.E. is now inviting inquiries from highly qualified men
for a number of scientific computer programmer positions,
including techniques.

Please address inquiries to: Mr, B. G. Cole, Div. 55-MA
HunTsviLLE CompuTer CENTER

GENERAL @3 ELECTRIC

P.O. Box 988 « Huntsville, Alabama
EQUIPMENT AVAILABLE TO SCIENTISTS AT CENTER: 704s, 705, 709, Tape 650, 6 Datatron 205s
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Trace-Element Deserts

Throughout the world potential farmland goes to waste for the lack
of elements required in traces by plants and animals. By rectifving

such deficiencies, Australia hopes to reclaim some 300 million acres

by A. J. Anderson and E. J. Underwood

ntil recently South Australia’s

I Ninety Mile Desert was a scrub-
by wasteland of heath and euca-

lyptus thickets. Today its six million once
worthless acres are being swiftly trans-
formed into bounteous pastureland. The
“Desert,” which formerly supported one
sheep per 20 acres, can now sustain 40
times that number. Indeed, the Desert—

in name, at any rate—is no more: its
prosperous new residents have rechris-
tened it Coonalpyn Downs.

The new fertility of Coonalpyn Downs
was not obtained by expensive irrigation
or clearance projects. Like much of the
world’s unproductive land, it suffered
from an ailment subtler than lack of wa-
ter. Recent investigations have made it

possible to diagnose a large group of de-
ficiencies of soil, plants and animals. The
infertility of the soil at Coonalpyn
Downs was found to arise from the ab-
sence of an almost infinitesimal sprin-
kling of zinc and copper.

In the context of biology, zinc and
copper are numbered among the “trace
elements,” that is, elements that com-

RECLAIMED DESERT in eastern Australia was once infertile
from lack of molybdenum, which plants require in order to fix
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nitrogen from the air. Shown here are sheep being mustered for
shearing on the reclaimed Southern Tablelands near Canberra.
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RECLAMATION of Australia’s Southern Tablelands is illustrated in this series of photographs.
At left is shown a still-infertile portion of the Tablelands, which the reader may compare to the

prise so small a part of the substance of
an animal or plant that chemists of an
earlier time, unable to measure them ex-
actly, could state only that they had
found a trace of them. Trace amounts
of 20 to 30 elements occur in living
matter. Some of the elements may be
present by accident Others—we cannot
yet be sure how many—are indispensable
to higher organisms. Most of them ap-
parently contribute to the catalytic activ-
ity of particular enzymes in the chains
of molecular events that constitute the
processes of life. The trace elements,
along with the vitamins, are often called
“micronutrients.”

The study of trace elements promises
rich rewards for the agriculture of the
future. The world’s food-producing ca-
pacity is already sorely taxed by the
explosive multiplication of the human
species. Yet it seems likely that hundreds
of millions of acres are now kept from
productivity by nothing more than the
easily remedied lack of trace elements.
The reclamation of Coonalpyn Downs
is today being repeated in many parts of
Australia; tomorrow the same methods
may be ameliorating trace-element defi-
ciencies in other underdeveloped regions
of our planet.

The trace elements now recognized as
essential to plant life are seven in num-
ber: iron, manganese, copper, zinc,
molybdenum, boron and chlorine. High-
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er forms of animal life also need seven: -
the first five listed above plus cobalt and
iodine. As research proceeds, these lists
will doubtless grow. There is already
suggestive, if not conclusive, evidence
that plants need cobalt, sodium and
vanadium, and that animals require sele-
nium, bromine, barium and strontium.

The need of the human body for cer-
tain trace elements has been known
for some 100 years. Nineteenth-century
French physicians found that iron thera-
py remedied the “green sickness” (ane-
mia) of adolescent girls; the French
investigator Eusebe Gris ascertained that
plants grown in a medium free of iron
were yellow and stunted. The careful
observations of A. Chatin, another
French worker, disclosed the connection
between goiter and lack of environmen-
tal iodine. Thus iron and iodine were the
first trace elements to be identified.
Many years passed, however, before in-
vestigators traced these elements to the
metabolic system: oxidative enzymes in
the case of iron, and the thyroid hormone
thyroxine in the case of iodine.

Not until this century was it known
that organisms require trace elements
other than iron and iodine. As early as
1860 the German workers W. Knop and
J. von Sachs were able to raise green
plants in artificial media without soil or
organic matter of any kind. By supply-
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ing measured amounts of apparently
pure mineral salts and water, they and
their successors sought to determine the
exact chemical requirements of plant
life. The need for trace elements went
unnoticed, because they were unwitting-
ly supplied in the form of unobserved
contaminants of the salts.

Experiments of this kind were con-
ducted for more than half a century be-
fore the “pure” mineral salts were ob-
served to contain trace elements. With-
out these hidden elements the plants
could not have lived. While the trace
elements had escaped detection by
chemists, they were easily found and
utilized by the plants growing in cul-
ture solution.

Animal experiments similarly over-
looked the trace elements, which con-
taminated not only the mineral content
of “pure” diets, but were also present in
the crude vitamin supplements which
the animals needed for growth. After it
was recognized that trace elements
might be essential to life, new tech-
niques were developed which made it
possible to control their content in both
plant and animal nutrients. The present
list of vital elements is the work of the
past 35 years. New methods of purifying
the diet of experimental animals, devel-
oped particularly at the University of
Wisconsin, showed that mammals re-
quire copper, manganese and zinc. The

reclaimed area illustrated on the preced-
ing page. The middle photograph shows



the continuing infertility of this land when
sown to clover and treated with fertilizers

latest addition to the list of elements
needed by plants is chlorine, which is
acquired largely from the air—a discov-
ery made possible by a new technique,
developed at the University of Califor-
nia, for eliminating trace elements from
experimental atmospheres.

In our country—Australia—more than

400 million acres of adequately wa-
tered land lie undeveloped, much of it
for lack of the trace elements required
by farm crops and animals. To appre-
ciate the significance of this fact for
Australia, one must compare the enor-
mous figure of 400 million acres with
our 22 million acres of cropland, 27 mil-
lion acres of forest and 28 million acres
of improved pasture. Suppose that we
eliminate 25 per cent of the 400 million
acres as unsuitable for agriculture or
needed for urban development. That still
leaves 300 million acres of potentially
useful land—more than four times the
present acreage! This area may ultimate-
ly be of enormous importance not only to
Australia but to a world hard-pressed
for food. Of course most of the land
needs the benefit of routine agricultural
measures, such as treatment with super-
phosphate and the planting of nitrogen-
accumulating legumes. But the fact
remains that much of it would have to
remain forever in the category of “in-
herently infertile” land unless it is

treated with a tiny but vital dose of trace
elements.

Copper, zinc and molybdenum are the
elements that cropland and pasture
most often lack. Copper and cobalt are
those most generally needed for the
health and productivity of sheep and
cattle. At Coonalpyn Downs the sowing
of seven pounds per acre of zinc sulfate
and seven pounds of copper sulfate
made the difference between infertility
and fertility. More recently workers of
the Western Australia Department of
Agriculture have found that traces of
zinc and copper, together with super-
phosphate, provide the key to the devel-
opment of the three-million-acre Esper-
ance Plain, near the southwest corner of
the continent. This area now bears noth-
ing but harsh native scrub; agriculturists
have always thought it worthless despite
its adequate rainfall. Very likely the en-
tire region will soon contribute to Aus-
tralia’s food-producing capacity.

While copper and zinc deficiencies
occur in southern and western Australia,
the eastern part of the continent suffers
mostly from a lack of molybdenum.
About a third of the so-called podsolic
soils in eastern Australia is more or less
deficient in the metal. The podsolic soils
stretch for 1,000 miles along the east
coast, reaching more than 150 miles in-
land into Victoria, New South Wales
and Queensland. They also cover much
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(but no trace elements). At right the same land has received molybdenum as well as fertilizers.
An ounce of molybdenum per acre amply insures the clover’s health and nitrogen-fixing ability.

of the island of Tasmania. The whole of
the podsolic belt receives more than 20
inches of rainfall per year, and most of
it can be sown to pasture if treated with
a molybdenum-superphosphate fertiliz-
er. This is rapidly being done.

The lack of molybdenum in Australian
soils was discovered only in 1942. It
works in an unusual way on the affected
plants. Symptoms of molybdenum defi-
ciency were observed in plants in the
laboratory before any attempt was made
to diagnose the infertility of podsolic
soils. But the laboratory symptoms were
quite unlike those observed in the plants
of podsolic pastures. The first clue to
what was wrong with the pastures was
gained when they were found to respond
well to treatment with wood-ash, lime or
other alkaline matter. At first it was
thought that the lime aided pasture
growth by counteracting phosphate fixa-
tion in the soil. Experiments disproved
this theory, however, and the search con-
tinued. Finally it was observed that
clover grown on the podsolic soils re-
sponded spectacularly to molybdenum.
Now it has been discovered that plants
of many species all over the world grow
faster in soils to which molybdenum has
been added.

But why did the molybdenum-defi-
cient pasture plants not resemble those
grown in the laboratory? The reason is
that the lack of molybdenum in the soil
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interfered with the ability of the pasture
plants to fix nitrogen from the air, but
was not severe enough to induce the
symptoms obtained in the laboratory.
The laboratory plants, on the other hand,
received nitrogen in their well-balanced
diet, and did not exhibit the symptoms of
nitrogen deficiency. Thus the pasture
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plants were stunted by lack of nitrogen,
and did not show the other symptoms of
molybdenum deficiency. The laboratory
plants were afflicted only with the other
symptoms. To appreciate the importance
of this fact, one must realize that clover
is especially valued for its capacity to
enrich the soil with nitrogen. A small

dose of molybdenum restored its dark-
green color and normal growth, just as
if the pasture had been heavily dressed
with a nitrogen fertilizer.

Remarkably little molybdenum is
needed to correct its deficiency in the
soil. On some soils even one sixteenth of
an ounce per acre is sufficient to effect a
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COMMONWEALTH OF AUSTRALIA has been scene of pioneer
efforts to amend trace-element deficiencies, which occur in the
areas hatched in color. Areas A and B (black hatching) are, re-
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spectively, the zinc- and copper-deficient Ninety Mile Desert (now
Coonalpyn Downs) and a similar area, the Esperance Plain. The
broken colored lines define areas of equal average rainfall per




clear-cut response in clover plants. The
normal commercial application for pas-
ture is of the order of one ounce per
acre. This homeopathic dose, by far the
smallest in trace-element therapy, is
known to be effective for at least 10 years.

Some trace-element deficiencies affect
plants, some affect animals and some

AN

o
ey

@5, BRISBANE |
~l

/ - .40

year. Deficient areas total about 400 million
acres, three fourths of which (three times
the now productive area) may be reclaimed.

affect both. Even where pasture growth
is poor from lack of zinc or manganese,
the sparse herbage will contain enough
of these elements to meet the needs of
livestock grazing on it. Naturally the
livestock will benefit greatly from treat-
ment of their pasturage with zinc and
manganese. But the benefit to them will
lie in the increase of herbage, not in the |
increase of zinc and manganese. It is
otherwise in-the case of cobalt or cop-
per. Pasture plants can apparently thrive
with no cobalt at all, yet a lack of this
element is deadly to sheep and cattle.
Both plants and animals require copper.

When sheep suffer a deficiency of cop-
per, their wool often loses its crimp and
takes on a stringy or steely appearance.
Such sheep are poor wool producers,
and their product brings much less in
the market than normal wool. Extensive
areas exist where wool production and
quality are thus affected. Fortunately
the condition is easily remedied, either
by feeding the land five pounds per acre
of copper (in the form of “copperized”
superphosphate) or by providing the
stock with copper-treated salt licks.

In some parts of Australia, notably the
south and west, the copper deficiency is
more serious. Here the breeding per-
formance of ewes as well as the quality
of wool is likely to suffer. Lambs may
be stillborn, or they may be born with
a curious wobbly gait and die soon
afterward. It has been found that lambs
which are dropped by copper-deficient
ewes have malformed brains and spinal
cords. The condition is completely pre-
vented by the addition of copper to the
pasturage, by salt licks or by drenching
the pregnant ewes with a solution of a
copper salt.

Calves born on such land rarely suf-
fer from symptoms as severe as those
observed in lambs. But cows often have
a strange malady, locally known as “fall-
ing disease” because the afflicted animals
suddenly drop dead in the fields. These
cows have died of heart failure. Pro-
longed copper deficiency has so weak-
ened their heart muscles that any mo-
mentary stress can kill them. This dis-
ease, too, can be prevented. We should
add that in all cases the copper not only
prevents the specific ailment but mark-
edly improves the over-all health and
productivity of the flock or herd.

Some parts of southern Australia have
suffered from a deficiency of both cop-
per and cobalt so severe that sheep and
cattle could not survive unless they were
regularly transferred to a healthier area.
This problem has also been solved, with
the result that several hundred thousand

acres of well-nigh valueless land have
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DESCRIPTIVE
ASTRONOMER

The Missile and
Space Vehicle Department
of GENERAL ELECTRIC
offers unusual
opportunity to contribute
to significant
space technology

programs

Advances in diverse areas of
study pertinent to man’s con-
quest of space have made pos-
sible an unusual opportunity
for a descriptive astronomer to
apply his specialized disciplin-
ary training to significant new
research programs. Profession-
al duties will be to provide
technical advice and consulta-
tion to our scientific and en-
gineering staff. Areas of par-
ticular interest are space kinet-
ics and the defining and analyz-
ing of problems relative to
celestial mechanics. Observa-
tory experience is required.

Programs at the Missile and
Space Vehicle Department are
carried on in a climate of sci-
entific curiosity under ideal
laboratory conditions and with
the most modern equipment
obtainable.

Please submit your qualifica-
tions in complete confidence to:

Mr. R. L. Eddy
Dept. 704-1
Professional Placement

GENERAL D) ELECTRIC

MISSILE AND SPACE VEHICLE DEPT.
3198 Chestnut Street

Philadelphia 4, Pa.
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COBALT-DEFICIENT SHEEP (number 38)

been transformed into thriving commu-
nities. It has recently been found that
the cobalt requirements of a ruminant
stem from a unique symbiosis of the
animal and the vitamin-producing mi-
croorganisms in its gut. For this reason
the cobalt deficiency and its cure merit
special attention.

'l‘iul fact that cobalt is essential to
life was first discovered in 1935 by
Australian workers. Their observation
emerged from the study of a peculiar
and highly localized disease. In some
parts of southern and western Australia,
animals from seemingly healthy pastures
weakened and died, apparently of star-
vation. New Zealand also suffered from
this disease: workers there attributed it
to deficiency of iron, having observed
that the malady did not affect animals
dosed with crude iron compounds.
This explanation did not satisfy stu-
dents of the problem in western Austra-
lia. The effect of various iron compounds
seemed unrelated to their iron content;
moreover, the doses needed were suspi-
ciously large. Perhaps, these workers
thought, the effectiveness of the com-
pounds was due not to iron but to some
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is compared to
healthy sheep (number 37) in an experiment performed by H. A.
Keener at the University of New Hampshire. Cobalt deficiency,

other element. Accordingly they frac-
tionated one of the compounds and
tested its constituent elements separate-
ly. It at once became clear that cobalt
was the effective substance. Soil from
the sick pastures and from the livers of
diseased animals were found to be ab-
normally low in cobalt. An exceedingly
small amount of cobalt is needed by ru-
minants: less than a tenth of their cop-
per requirement. A sheep needs only a
tenth of a milligram of cobalt per day;
cattle must have five to 10 times as much.
A single ounce of cobalt will sustain
nearly 800 sheep or 80 cattle for a year!

While this investigation was proceed-
ing, investigators in southern Australia,
working on a similar disease of sheep,
arrived independently at the same dis-
covery. These workers found that cobalt
is ineffective if injected with a needle;
it must be taken by mouth. To obviate
the need for repeated oral doses, they
invented an ingenious cobalt “bullet”—
four to five grams of cobalt oxide mixed
with clay and baked into a small, heavy
slug. Placed in the sheep’s throat with
a special gun, the bullet lodges in the
upper alimentary canal, where it yields
a steadv supplv of cobalt. One bullet
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identified in the U. S., Britain and Australia, can be remedied by
dosage (for sheep) of one tenth of a milligram per day. The cobalt
is needed for synthesis of vitamin B-12 by microorganisms in gut.

lasts for months, and sometimes for
years. It is possible that this novel tech-
nique can be used with other trace ele-
ments.

New interest in cobalt was aroused 10
years ago by the discovery in England
and the U. S. that the element appears
in the molecule of vitamin B-12. Within
three years workers at Cornell University
and in Australia had demonstrated that
vitamin B-12 injections swiftly secured
the remission of cobalt deficiency symp-
toms. Ruminants, they found, derive
their natural supply of the vitamin en-
tirely from the microorganisms in their
gut. The microorganisms must have a
steady supply of cobalt for their synthe-
sis of the vitamin. It would be more ac-
curate to call cobalt deficiency a nutri-
tional disease of the microorganisms,
rather than of their animal host.

1\/1 any chemical reactions in plants and

- animals are now known to require
the presence of a trace element. But it
is difficult to connect these reactions in
cells and tissues with the outward symp-
toms of trace-element deficiency. Boron
deficiency, for example, profoundly in-
hibits the growth of plants. Yet we know



THIS IS GLASS

A BULLETIN OF PRACTICAL NEW IDEAS

POPPER THAT'S A STOPPER

It has been pointed out to us that every
day the world survives, fewer are the
chances that anything is the most, the
biggest, the only, or the first.

But this corn popper is a first—to the
best of our knowledge.

This machine pops corn with Aot air—
and all the action takes place before
_your eyes.

But that’s putting the cart before the
horse, because it was quite a number of
moons ago when the designers at Electri-
Cooker Division of General Foods were
at the idea-developing stage.

They wanted a new way of popping
corn. And they wanted to boost sales by
having all the popping parts visible.

So, they developed a way of turning
kernels into a fluffy delight with a blast of
hot (about 200° F.) air. Then they turned
to Corning.

And Corning in turn came up with a
number of key components made from a
Pyrex brand glass. Included are a 17-
inch display dome, 13-inch lamp chim-
ney, and an 8-inch chamber for storing
unpopped corn.

Why a Pyrex brand glass? Because you
can use it at elevated temperatures with-
out worrying about thermal shock. (For
example, PyrRex brand glass No. 7740
has a linear coefficient of expansion of
32.5x 10-7 in./in. between 0° and 300° C.)

Also, you can see through glass (an
obvious but still extremely useful feature).

And glass is so easy to keep clean,
there’s no place for dirt to lodge in its
smooth surface. Glass No. 7740 also is
resistant to the attacks of most acids and
alkalies and stands up well under dis-
tilled water.

You can find machines dispensing corn
popped by hot air at Woolworth’s,
Grant’s, Kresge’s, McCrory’s, Newberry’s
and Sears Roebuck & Company. You

can find glass answers to one of your
materials or component problems by
coming to Corning.

You can get a head start by perusing
“This Is Glass,” a 64-page, well-illus-
trated primer. And/or ask for Bulletin
B-83, a detailing of mechanical, thermal,
electrical, and chemical properties for
three of Corning’s most popular types of
glass. Use the coupon.

PURITY—KEY TO FUSED
SILICA’S VERSATILITY

What material would you pick if you had
the problem of accurate spectrum ‘rans-
mission, growing high-purity crystals, or
building a component that would not
darken under radiation?

The answer: Corning’s 1009, Fused
Silica, an extremely versatile material
that will handle these, as well as many
other, specialized tasks. And the key to
this material’s versatility is its extreme
purity.

Capacity to stand up to high tempera-
tures, coupled with optical properties
that yield excellent schlieren or shadow-
graph quality, makes fused silica a natural
for installation in wind tunnels for design-
ing supersonic aircraft and missiles.

Optical purity and a high softening point
(1585°C.) make Corning's 100% Fused
Silica useful in wind tunnel windows.

Fused Silica also is used in ultrasonic
delay lines, being well suited for handling
delays ranging from 10 to 16,000 micro-
seconds. More: You’ll find this material
possessed of high electrical breakdown
resistance, low dielectric loss, and low
expansion. And it is permeable to helium.

Uses (other than ultrasonic delay lines
and windows for wind tunnels) include

CORNING M EANS

RESEARCH I'N

FROM CORNING

the following: windows for high-tempera-
ture applications, windows for hot cells,
and the optical components for ultra-
violet instruments.

All the facts are now available in spec
sheet form. Check the coupon.

NEW—CELLULAR CERAMICS

Now, for the first time, from Corning’s
Cercor process, you can get thin-walled
cellular ceramics.

These cellular ceramics are lightweight,
resist oxidation, and have an extremely
high surface area. Here is a sampling of
Cercor products.

The material used to make these
objects has 1500 square feet of surface
area per cubic foot. Individual wall thick-
ness averages only 0.005 inch; weight is
only 30 pounds per cubic foot.

This material can withstand tempera-
tures up to 1800°F. with virtually no
thermal expansion, and can be operated
continuously at 1290°F. At either tem-
perature you don’t have to worry about
thermal shock or oxidation.

To provide additional strength, a
ceramic coating can be bonded to the
exterior of most cellular forms.

The composition of the Cercor mate-
rials may be changed to provide desired
physical and chemical properties, and
further development is expected to result
in a broadening of potential configura-
tions and product shapes.

Suggested uses so far include structures
for use in gaseous heat exchangers, cata-
lyst supports, burner plates, column
packing, and acoustical filtering, flow
control, insulation, and structural mate-
rials in high-temperature applications.

Inquiries invited. And/or ask for a just
published bulletin detailing all pertinent
data and characteristics.

GLASS

@» CORN'NG GLASS WORKS 49 Crystal Street, Corning, N.Y.

Please send me: [] ““This Is Glass’’; [] Bulletin B-83; [] Fused Silica; [] CERCOR
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STROMBERG-CARLSON

A DIVISION OF GENERAL DYNAMICS CORPORATION
1400 NORTH GOODMAN STREET » ROCHESTER 3, N. Y
ELECTRONICS AND COMMUNICATION FOR HOME, INDUSTRY AND DEFENSE
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The ocean depths . ..

an area of prime strategic
significance . . . therefore
an area of critical interest
at Stromberg-Carlson.

For current Sonar projects
we have built a new
underwater acoustical
laboratory . .. the largest
of its kind in the nation.

Testing tank capacity :
half a million gallons.

Equipment includes a remote-
controlled overhead crane. ..
complete instrumentation for
pulse and CW measurements,
and for analyzing radiated
noise of ASW

vehicles.

Now being worked

on: classified ASW
research and

development

contracts ... design h
and manufacture of

Sonar equipment.

Sonar tank facility
dedication February 17.
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next to nothing of the biochemical role
of boron. It is possible the element takes
part in the transport of sugars by form-
ing ionizable sugar-borate complexes,
but evidence for this is meager.
Encouraging progress is being made
in the study of trace elements as com-
ponents of enzymes. Within the past few
years several enzymes containing mo-
lybdenum have been isolated from living
tissues. One of these is nitrate reductase,
a plant enzyme which abets the synthesis
of proteins by converting nitrate nitro-
gen from the soil into nitrite nitrogen.
When this enzyme is deprived of its mo-
lybdenum, it ceases to function; when
the molybdenum is restored, the enzyme
is reactivated. In the nitrate reductase
molecule the molybdenum serves as an
electron carrier, alternately undergoing
oxidation and reduction. It is not sur-
prising that some plants lacking in mo-
lybdenum contain high levels of raw
nitrate nitrogen. Of course this does not
apply to clover, which fixes nitrogen
from the air, or to plants that obtain
their nitrogen from the soil as ammonia.
Zinc also plays a part in enzymes,
notably the carbonic anhydrase of ani-
mals, which breaks down carbonic acid
into carbon dioxide and water. Carbonic
anhydrase must play an important role

bon dioxide flushed from body tissues
|into blood-borne bicarbonate, and to
convert bicarbonate back into carbon
dioxide in the lungs. Though the role of
'this and several other zinc-containing
enzymes has been well established, no
one so far has been able to connect any
deficiency-disease symptom to a reduc-
tion of their activity, even in gravely
zinc-deficient animals. The symptoms of
zinc deficiency—failure of growth and
appetite, skin lesions and, in birds, poor-
ly formed bones and feathers—remain
unexplained.

More is known about the complex role
of copper in enzymes. Recently investi-
gators at the University of Utah and the
[ University of London have traced cer-
| tain of the signs caused by copper starva-

tion in rats and pigs to a lack of the en-
zyme cytochrome oxidase, which is es-
sential for the respiration of cells. While
there is no copper in cytochrome oxidase,
this enzyme has an iron component,
called heme q, the synthesis of which is
Ioatalyzed by copper. Without heme a,
cytochrome oxidase cannot be formed.
| It has been known for some time that
copper deficiency plays a similar role in
anemia; copper-starved bone marrow
fails to mobilize the available iron and
incorporate it in the red blood cells
which the marrow manufactures. In ad-
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in respiration, for it helps convert car-

A snowstorm is a pretty big handicap even
for a pro. Join Radiation, Inc. in Florida
where you can play golf all winter long.
The entire family will enjoy outdoor recrea-
tion and the efficient, open architecture of
Florida homes.

We have many openings for challenging
and rewarding work in electronic design
and development. Radiation is well known
in DATA PROCESSING, TELEMETRY, AN-
TENNAS, INSTRUMENTATION, and other
areas of MISSILE ELECTRONICS. Our stable
.growth indicates a secure future with pro-
fessional advancement for qualified elec-
tronic engineers wtih ideas and energy.
Write today for complete details on oppors
tunities available,

Technical Personnel Dept. 16
RADIATION, Inc.

FLORIDA

MELBOURNE,

Preserve your copies

f | SCIENTIFIC
Ol | AMERICAN

@ A handsome and durable library file or
binder in which to keep your copies of
SCIENTIFIC AMERICAN.

( Both styles bound in dark green library
fabric and stamped in gold leaf.

FILE (shown at right): Holds 12 issues.
Single copies easily accessible.

Price: $2.35 (U.S.A. only).
BINDER (shown at left): Holds 6 is-
sues. Copies open flat.

Price: $2.50 (U.S.A. only).

(New York City residents please add 3% Sales Tax)
Address your order, enclosing
check or money order, to:

Department F (File) or A (Binder) |
SCIENTIFIC AMERICAN |
|
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dition it now seems that the red blood
cells themselves utilize copper. Radio-
active-tracer studies conducted at the
University of Utah suggest that the cells
require copper in order to complete their
normal life span.

Investigators at the University of Lon-
don have established a suggestive con-
nection between lack of copper and
ataxia, or poor coordination, in newborn
lambs. The ataxia of the lambs is caused
by underdevelopment of the myelin, or
fatty outer coating of the nerve fibers, in
their brains and spinal cords, and this
in turn is due to a lack of the phospho-
lipids of which myelin is largely com-
posed. The lambs’ tissues require copper
to catalyze a crucial stage in the syn-
thesis of the phospholipids.

\ any recent studies suggest that

trace-element disorders tend to in-
volve pairs or triads of elements. A strik-
ing instance is the interplay of copper,
molybdenum and inorganic sulfate in a
disorder afflicting some Australian sheep.
This disease develops on pastures rich
in copper but poor in molybdenum.
Sheep on such land will succumb to cop-
per poisoning unless their molybdenum
intake is increased. But ‘molybdenum
will not counteract the effect of copper
except in the presence of a third sub-
stance: inorganic sulfate. The chemical
reactions involved are not simple, and
there are indications that still other sub-
stances are involved.

What of trace elements in man’s own
diet? The indications are that civilized
man is not likely to suffer trace-element
deficiencies. Unlike range-fed cattle or
sheep, modern man derives his diet from
many localities and soil types. The inade-
quacies of one food source are made up
from another. After 100 years of study,
iron and iodine are still the only trace
elements that human populations are
known to lack. While iodine deficiency
is a genuinely regional disease, iron de-
ficiency stems from loss of blood or poor
choice of foods rather than from a local
lack of iron in the soil.

So trace-element deficiencies have lit-
tle direct effect upon man. Their indirect
effects, on the other hand, are profound-
ly important, How we husband the
chemical health of our crops, our stock
and our land may have immense import
for the future of man. As population
pressure mounts, we will have to evolve
ever faster-growing and higher-yielding
strains of domestic plants and animals.
Will the quality of our food keep pace
with its quantity? That may well de-
pend upon how carefully we monitor its

ENGINEERING, METALLURGY, MATHEMATICS, COMPUTING. | content of the trace elements.
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“Hargreaves, you're still living in the dark ages,” bellowed the
fist pounding pharmaceutical manufacturer. “Aerosols are what we
need. Aerosols with a capital ‘A’... as in spray. Spray. SPRAY.”
“Yes, sir,” the harried Hargreaves murmured. “Fast, uniform
application. No waste. Better stability. Many distinct advantages.

I h e I'll relay your instructions to the lab, sir.”
“Wait. Wait. WAIT!” The top man warned. “Check Pfizer first.
They’re big in hydrocortisone. Neomycin. Polymyxin. Should be

Perfect oo
* k k ok k Kk k k k Kk Kk *
I t - Yes, get in touch with the Pfizer Chemical Sales Division, if you
o u Io n are considering an aerosol pharmaceutical product. Initial experi-

ments with nitrogen propelled vitamin preparations also show

(yOU spray I't) promise. Or, if your topical plans include polyvinyl components,
the non-toxic Pfizer Citroflex® plasticizers may help you. For any

problem which might be solved by a high quality organic chemical,
think of Pfizer first. Chas. Pfizer & Co., Inc., Chemical Sales Division,
630 Flushing Ave., Brooklyn 6, N. Y.

CHEMICAL SALES DIVISION

... sells more than 100 organic chemicals for
food, medicinal and industrial uses.

Some bulk products of this Division are:
CITRIC, TARTARIC, OXALIC ACIDS AND SALTS - ASCORBIC ACID AND OTHER VITAMINS - CAFFEINE - ANTIBIOTICS « PLASTICIZERS
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for your
requirements
... with these

instruments

You get the advantages of ElectroniK
accuracy and dependability in these special
instruments . . . plus design ruggedness proved
by around-the-clock service in industrial
applications. They measure and record or
indicate . . . quickly, precisely, conveniently.
You’ll find them particularly valuable in
laboratory or test cell work where clear-cut
evaluation and high resolution are needed.

Your nearby Honeywell field engineer will be
glad to help you select and apply these and
other ElectroniK instruments for research. Call
him today . . . he’s as near as your phone.

MiNnNEAPOLIS-HONEYWELL, Wayne and
Windrim Avenues, Philadelphia 44, Pa.

Honeywell
Fout i Coitady

ElectroniK EXTENDED RANGE RECORDER—Simplifies measurement
of any linear variable whose values change over a wide range.
Particularly suitable to the measurement of forces in conjunction with
a strain gage bridge. Typical application: Projectile stress testing in
wind tunnels. Write for Instrumentation Data Sheet 10.0-18.

ElectroniK NARROW SPAN RECORDERS—Accurately measure d-c
potentials as low as 0.1 microvolt and spans as narrow as 100 micro-
volts. Available as precision indicator, circular chart recorder, and
strip chart recorder. For measuring differential temperatures and
slight variations in temperatures of small objects through radi-
ation pyrometry. Write for Instrumentation Data Sheet 10.0-8.

ElectroniK ADJUSTABLE SPAN RECORDER—Measures spans and
magnitudes of a variety of emf's. Instrument calibration can be in
terms of any variable reducible to d-c voltage. Can be used with
thermocouples, steam gages, tachometers, and other transducers.
Werite for Instrumentation Data Sheet 10.0-10a.

ElectroniK EXTENDED RANGE INDICATOR—Incorporates extended
scale and automatic range changing, serves in same applications as
Extended Range Recorder. Resolution greater than one part in
five thousand can be obtained, with use of a linear scale. As many as
10 ranges available. Write for Instrumentation Data Sheet 10.0-3.
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SALT GLANDS

A Special organ which eliminates salt with great efficiency

enables marine birds to meet their fluid needs by drinking

sea water. Similar organs have been found in marine l'eptiles

s the writers of stories about cast-
A aways are apt to point out, a man
who drinks sea water will only
intensify his thirst. He must excrete the
salt contained in the water through his
kidneys, and this process requires addi-
tional water which is taken from the
fluids of his body. The dehydration is ag-
gravated by the fact that sea water, in
addition to common salt or sodium
chloride, also contains magnesium sul-

by Knut Schmidt-Nielsen

fate, which causes diarrhea. Most air-
breathing vertebrates are similarly unable
to tolerate the drinking of sea water, but
some are not so restricted. Many birds,
mammals and reptiles whose ancestors
dwelt on land now live on or in the sea,
often hundreds of miles from any source
of fresh water. Some, like the sea tur-
tles, seals and albatrosses, return to the
land only to reproduce. Whales, sea
cows and some sea snakes, which bear

living young in the water, have given
up the land entirely.

Yet all these animals, like man, must
limit the concentration of salt in their
blood and body fluids to about 1 per
cent—less than a third of the salt concen-
tration in sea water. If they drink sea
water, they must somehow get rid of
the excess salt. Our castaway can do so
only at the price of dehydrating his tis-
sues. Since his kidneys can at best se-

PETREL EJECTS DROPLETS of solution produced by its salt
gland through a pair of tubes atop its beak, as shown in this high-
speed photograph. The salt-gland secretions of most birds drip
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from the tip of the beak. The petrel, however, remains in the air
almost continuously and has apparently evolved this “water pistol”
mechanism as a means of eliminating the fluid while in flight.
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crete a 2-per-cent salt solution, he must
eliminate up to a quart and a half of
urine for every quart of sea water he
drinks, with his body fluids making up
the difference. If other animals drink sea
water, how do they escape dehydration?
If they do not drink sea water, where do
they obtain the water which their bodies
require?

The elimination of salt by sea birds
and marine reptiles poses these ques-
tions in particularly troublesome form.
Their kidneys are far less efficient than
our own: a gull would have to produce
more than two quarts of urine to dispose
of the salt in a quart of sea water. Yet
many observers have seen marine birds
drinking from the ocean. Physiologists
have held that the appearance of drink-
ing is no proof that the birds actually
swallow water, and that the low effi-
ciency of their kidneys proves that they
do not. Our experiments during the past
two years have shown that while the
physiologists are right about the kidneys,
the observations of drinking are also cor-
rect. Marine birds do drink sea water.
Their main salt-eliminating organ is not
the kidney, however, but a special gland
in the head which disposes of salt more
rapidly than any kidney does. Our studies
indicate that all marine birds and proba-
bly all marine reptiles possess this gland.

he obvious way to find out whether
birds can tolerate sea water is to
make them drink it. If gulls in captivity
are given only sea water, they will drink
it without ill effects. To measure the ex-
act amount of sea water ingested we ad-
ministered it through a stomach tube,
and found that the birds could tolerate
large quantities. Their output of urine
increased sharply but accounted for only
a small part of the salt they had ingest-
ed. Most of the salt showed up in a clear,
colorless fluid which dripped from the
tip of the beak. In seeking the source of
this fluid our attention was drawn to
the so-called nasal glands, paired struc-
tures of hitherto unknown function
found in the heads of all birds. Anatom-
ists described these organs more than
a century ago, and noted that they are
much larger in sea birds than in land
birds. The difference in size suggested
that the glands must perform some spe-
cial function in marine species. Some
investigators proposed that the organs
produce a secretion akin to tears which
serves to rinse sea water from the birds’
sensitive nasal membranes.
We were able to collect samples of the
secretion from the gland by inserting a
thin tube into its duct. The fluid turned
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out to be an almost pure 5-per-cent
solution of sodium chloride—many times
saltier than tears and nearly twice as
salty as sea water. The gland, it was
plain, had nothing to do with rinsing
the nasal membranes but a great deal
to do with eliminating salt. By sampling
the output of other glands in the bird’s
head, we established that the nasal gland
was the only one that produces this con-
centrated solution.

The nasal glands can handle relatively
enormous quantities of salt. In one ex-
periment we gave a gull 134 cubic cen-
timeters of sea water—equal to about a
tenth of the gull’s body weight. In man
this would correspond to about two gal-
lons. No man could tolerate this much
sea water; he would sicken after drink-
ing a small fraction of it. The gull, how-
ever, seemed unaffected; within three
hours it had excreted nearly all the salt.
Its salt glands had produced only about
two thirds as much fluid as its kidneys,
but had excreted more than 90 per cent
of the salt.

The fluid produced by the salt gland
is about five times as salty as the bird’s
blood and other body fluids. How does
the organ manage to produce so concen-
trated a solution? Microscopic examina-
tion of the gland reveals that it consists
of many parallel cylindrical lobes, each
composed of several thousand branching
tubules radiating from a central duct
like bristles from a bottle brush. These
tubules, about a thousandth of an inch
in diameter, secrete the salty fluid.

A network of capillaries carries the
blood parallel to the flow of salt solution
in the tubules, but in the opposite direc-
tion [see illustration on opposite page].
This arrangement brings into play the
principle of counter-current flow, which
seems to amplify the transfer of salt from
the blood in the capillaries to the fluid
in the tubules. A similar arrangement in
the kidneys of mammals appears to ac-
count for their efficiency in the concen-
tration of urine [see “The Wonderful
Net,” by P. F. Scholander; SciexTtiric
AMERICAN, April, 1957]. No such pro-
vision for counter-current flow is found
in the kidneys of reptiles, and it is only
slightly developed in birds.

Counter-current flow, however, does
not of itself account for the gland’s
capacity to concentrate salt. The secret
of this process lies in the structure of the
tubules and the cells that compose them.
The microscopic structure of a salt-
gland tubule resembles a stack of pies
with a small hole in the middle. Each
“pie” consists of five to seven individual
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STRUCTURE of salt gland is essentially the
same in all sea birds. In the gull the glands
lie above the bird’s eyes, as shown at left.
Cross section of a gland (a) shows that it
consists of many lobes (b). Each of these



lobes contains several thousand branching tubules which radiate
from a central duct like the hairs of a bottle brush. Enlargement
of a single tubule (c) reveals that it is surrounded by capillaries
in which blood flows counter to the flow of salt secretion in the
tubule. This counter-current flow, which also occurs in the kidneys

/‘VE!N
<<€

/ARTERY

SECRETORY TUBULES

CENTRAL
CONNECTIVE
TISSUE

CENTRAL CANAL

of mammals, facilitates the transfer of salt from the blood to the
tubule. The tubule wall, only one cell thick, consists of rings of
five to seven wedge-shaped cells. These rings, stacked one on top of
another, encircle a small hole, or lumen, through which the salty
secretion flows from the tubule into the central canal of the lobe.
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SEA WATER NASAL FLUID URINE

SALT EXCRETION IN MEN AND BIRDS is compared in these drawings. Castaway at top
cannot drink sea water because in eliminating the salt it contains (colored dots) he will lose
more water than he has drunk. His kidney secretions have a salt content lower than that of
sea water. Gull (below) can drink sea water even though its kidneys are far less efficient
than a man’s. It eliminates salt mainly through its salt, or “nasal,” glands. These organs,
more efficient than any kidney, secrete a fluid which is nearly twice as salty as sea water.
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cells arranged like wedges. The hole, or
lumen, funnels the secretion into the
central duct. When we inject dye into
the lumen, colored fluid seeps out into a
system of irregular crevices in the walls
of the tubule. More detailed examination
with the electron microscope reveals a
similar, interlocking system of deep folds
which extend inward from the outer sur-
face of the tubule. This structure may
be important in that it greatly multi-
plies the surface area of the cell. It is
worth noting that cells with similar,
though shallower, folds are found in the
tubules of the mammalian kidney.

Evidently some physiological mecha-
nism in the cell “pumps” sodium and
chloride jons against the osmotic gradi-
ent, from the dilute salt solution of the
blood to the more concentrated solution
in the lumen. Nerve cells similarly
“pump” out the sodium which they ab-
sorb when stimulated [see “The Nerve
Impulse and the Squid,” by Richard D.
Keynes; SciENTIFIC AMERICAN, Decem-
ber, 1958]. Of course the mechanisms in
the two processes may be quite different.
In the tubule cells the transport of so-
dium and chloride ions seems to involve
the mitochondria, the intracellular parti-
cles in which carbohydrates are oxidized
to produce energy.

The similarities between the salt gland
and the mammalian kidney should not
obscure their important differences. For
one thing, the salt gland is essentially a
much simpler organ. The composition of
its secretions, which apart from a trace
of potassium contain only sodium chlo-
ride and water, indicates that its sole
function is to eliminate salt. In contrast,
the kidney performs a variety of regula-
tory and eliminative tasks and produces
a fluid of complex and variable compo-
sition, depending on the animal’s physio-
logical needs at a particular time.

The salt gland’s distinctive structure,
elegantly specialized to a single end, en-
ables it to perform an almost unbeliev-
able amount of osmotic work in a short
time. In one minute it can produce up
to half its own weight of concentrated
salt solution. The human kidney can
produce at most about a twentieth of its
weight in urine per minute, and its nor-
mal output is much less.

Another major difference between the
two glands is that the salt gland func-
tions only intermittently, in response to
the need to eliminate salt. The kidney,
on the other hand, secretes continuously,
though at a varying rate. The salt gland’s
activity depends on the concentration of
salt in the blood. The injection of salt
solutions into a bird’s bloodstream causes



the gland to secrete, indicating that some
center, probably in the brain, responds
to the salt concentration. The gland re-
sponds to impulses in a branch of
the facial nerve, for electric stimula-
tion of this nerve causes the gland to
secrete.

7hile the structure and function of
the salt gland is essentially the same
in all sea birds, its location varies. In the
gull and many other birds the glands are
located on top of the head above the eye
sockets [see illustrations on next pagel;
in the cormorant and the gannet they lie
between the eye and the nasal cavity.
The duct of the gland in either case
opens into the nasal cavity. The salty
fluid flows out through the nostrils of
most species and drips from the tip of
the beak, but there are some interesting
variations on this general scheme. The
pelican, for example, has a pair of
grooves in its long upper beak which
lead the fluid down to the tip; the solu-
tion would otherwise trickle into the
pouch of the lower beak and be rein-
gested. In the cormorant and the gannet
the nostrils are nonfunctional and cov-
ered with skin; the fluid makes its exit
through the internal nostrils in the roof
of the mouth and flows to the tip of the
beak.

The petrel displays an especially in-
teresting mechanism for getting rid of
the fluid. Its nostrils are extended in two
short tubes along the top of its beak.
When its salt glands are working, the
bird shoots droplets of the fluid outward
through the tubes [see illustration on
page 109]. This curious design may re-
flect a special adaptation to the petrel’s
mode of life. Though the bird remains
at sea for months at a time, it rarely
settles down on the water to rest. Pre-
sumably the airstream from its almost
continuous flight would hamper the
elimination of fluid from the bird’s
nostrils, were it not for the water-pistol
function of the tubes.

Our studies so far have demonstrated
the existence of the salt gland in the

herring gull, black-backed gull, common |
tern, black skimmer, guillemot, Louisi- [

ana heron, little blue heron, double-
crested cormorant, brown pelican, gan-
net, petrel, albatross, eider duck and
Humboldt penguin. These species, from
a wide variety of geographical locations,
represent all the major orders of marine
birds. There is little doubt that this re-
markable organ makes it possible for all
sea birds to eliminate salt and live with-
out fresh water.

The discovery of the salt gland in sea
birds prompted us to look for a similar
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organ in other air-breathing sea animals.
In Alice’s Adventures in Wonderland the
Mock Turtle weeps perpetual tears be-
cause he is not a real turtle; real turtles,
at least the marine species, also weep
after a fashion. A. F. Carr, Jr., a distin-
guished specialist in marine turtles, gives
us a vivid account of a Pacific Ridley
turtle that came ashore to lay its eggs.
The animal “began secreting copious

tears shortly after she left the water,
and these continued to flow after the
nest was dug. By the time she had be-
gun to lay, her eyes were closed and
plastered over with tear-soaked sand
and the effect was doleful in the ex-
treme.” Thus Carr makes it clear that
the turtle’s tears do not serve to wash
its eyes free of sand, an explanation
that otherwise might seem reasonable.

The suggestion that the turtle weeps
from the pangs of egg-laying is even
wider of the mark.

With the loggerhead turtle as our sub-
ject, we have found that the sea turtle’s
tears come from a large gland behind its
eyeball. The tears have much the same
composition as that of the salt-gland
secretions of the sea bird. Thus it would
seem more than likely that the turtle’s

LOCATION OF SALT GLAND (color) varies in different species
of marine birds and reptiles. In the gull (4) the gland’s secretions
emerge from the nostril and drip from the beak; in the cormorant
(D) the fluid flows along the roof of the mouth. The pelican (B)

has grooves along its upper beak which keep the fluid from drip-
ping into its pouch; the petrel (C) ejects the fluid through tubu-
lar nostrils. In the turtle (E) the gland opens at the back corner of
the eye; in the marine iguana (F) it opens into the nasal cavity.
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“weeping” serves to eliminate salt. The
salt gland of the turtle has a structure
similar to that of the gland in sea birds,
with tubules radiating from a central
duct, and it seems that this structure is
essential for the elaboration of a fluid
with a high salt concentration. The simi-
larity is the more striking because the
location of the gland in the turtle indi-
cates that it has a different evolutionary
origin. Still a third independent line of
evolution may be represented by the salt
gland in the Galapagos marine iguana,
the only true marine lizard.

Anatomical studies of the other ma-
rine reptiles—the sea snakes and the ma-
rine crocodiles—have established that
their heads contain large glands whose
function may be similar to that of the
salt gland. When we succeed in obtain-
ing living specimens of these creatures,
we expect to determine whether their
glands have the same function.

[nvestigations of marine mammals thus
far indicate that these animals handle
the elimination of salt from their systems
in a more conventional manner. The seal
and some whales apparently satisfy their
need for water with the fluids of the
fish on which they feed. The elimina-
tion of such salt as these fluids contain
requires kidneys of no more than human
efficiency. But other whales, and wal-
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CROSS SECTION OF SALT-GLAND TUBULE is shown magnified about 5,700 diameters
in this electron micrograph made by William L. Doyle of the University of Chicago. To
emphasize the cell-structure the specimen was kept in a solution which shrank and distorted
the cells and their nuclei. Most of the material of the cells lies in folded, leaflike layers;
cells with a somewhat similar structure are found in the kidney tubules of mammals.

ruses, whose diet of squid, plankton or
shellfish is no less salty than sea water,
must surely eliminate large quantities of
excess salt even if they do not drink from
the ocean itself. Our knowledge of their
physiology suggests that their kidneys,
which are more powerful than ours, can
eliminate all the salts in their food. Some
mammalian kidneys do function at this
high level. The kangaroo rat, whose des-
ert habitat compels it to conserve water
to the utmost, can produce urine twice
as salty as the ocean, and thrives in the
laboratory on a diet of sea water and
dried soybeans [see “The Desert Rat,”
by Knut and Bodil Schmidt-Nielsen;
SCIENTIFIC AMERICAN, July, 1953].

We should like to study salt excretion
in whales, but these animals are obvious-
ly not easy to work with. We have un-
dertaken, however, some pilot studies on
seals. When we injected them with salt
solutions that stimulate the salt glands
of birds and reptiles, they merely in-
creased their output of urine. Metha-
choline, a drug which also stimulates the
salt gland, gave equally negative results.
Whatever the seal’s need to eliminate
salt, its kidneys are evidently adequate
to the task. We must therefore assume
that the salt gland has evolved only in
the birds and reptiles, animals whose
kidneys cannot produce concentrated
salt solutions.



SCIENTISTS AND ENGINEERS
AVCO—PIONEER IN RE-ENTRY—IS EXPLORING
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Re-entry work on the Air Force Titan and Minuteman ICBNs—
plus other new, advanced projects—creates an exciting atmosphere
for both basic and applied work at Avco’s Research and Advanced
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tive scientists and engineers—both theoretical and experimental.

Unusual and challenging openings exist for:
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roundings, yet close to Boston educational institutions and cul-
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impurity built

This photomicrograph (at left) of an etched silicon
crystal is used in the study of semiconductor materials.
Impurities introduced into crystals such as this form
junctions for semiconductor devices.

In the fast-growing semiconductor industry, Hughes
Products, the commercial activity of Hughes, is leading
the field. Its programs include basic research on semi-
conductor surfaces; alloying and diffusion techniques;
and materials characterization studies to determine the
electrical effects of imperfections and impurities.

In addition, Hughes Products is developing new semi-
conductor devices such as parametric amplifiers, high
frequency performance diodes, and improved types of
silicon transistors. New techniques are being devised for
casting silicon into various configurations. Also under-
way is the development of new intermetallic compounds
for use in semiconductor devices.

Other activities of Hughes provide similarly . stimu-
lating outlets for creative engineering. The Hughes
Research & Development Laboratories are conducting

Exit cones capable of withstanding
temperatures of 6000° F, represent
one example of advanced engineer-

ing being performed by the Hughes
Plastics Laboratory.

studies in Advanced Airborne Electronics Systems,
Space Vehicles, Plastics, Nuclear Electronics, Global and
Spatial Communications Systems, Ballistic Missiles. ..
and many more. Hughes in Fullerton is developing radar
antennas which position beams in space by electronic
rather than mechanical means.

The diversity and advanced nature of Hughes projects
provides an ideal environment for the engineer or phys-
icist interested in advancing his professional status.

Newly instituted programs at Hughes have created immediate
openings for engineers experienced in the following areas:

Semiconductors Communications
Microwave & Storage Tubes Circuit Design

Field Engineering Systems Analysis
Microwaves Reliability Engineering
Digital Computer Engr. Radar

Write in confidence, to Mr. Phil N. Scheid,
Hughes General Offices, Bldg. 6-H1, Culver City, California.
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The West’s leader in advanced ELECTRONICS

HUGHES AIRCRAFT COMPANY
Culver City, El Segundo,

Fullerton and Los Angeles, California
Tucson, Arizona

strato chamber are being developed and manufactured by Hughes
engineers in Tucson, Arizona.
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TWO SCENES OF THE TRIAL show the Prosecution (top) and tom picture is John Randolph Neal, one of the Defense attorneys.

the Defense (bottom). Leaning to his left with his hand to his lips To Neal’s left is Clarence Darrow; to his right, Dudley Field Mal-
in the top picture is William Jennings Bryan. Standing in the bot- one. Farther down the table, his hands clasped together, is Scopes.
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A Witness at the Scopes Trial

In 1925 a Tennessee teacher of biology named Thomas Scopes was tried

Sfor teaching the theory of evolution. An expert witness at the trial

relates how evolution lost in court but won in the eyes of the nation

[44 his is Clarence Darrow,” said
I the voice at the other end of the
wire, “I suppose you have been
reading the papers, so you know Bryan
and his outfit are prosecuting that young
* fellow Scopes. Well, Malone, Colby and
I have put ourselves in a mess by offer-
ing to defend. We don’t know much
about evolution. We don’t know whom
to call as witnesses. But we do know we
are fighting your battle for academic
freedom. We need the help of you fel-
lows at the University, so I am asking
three of you to come to my office to help
lay plans.”

That afternoon in Darrow’s office
three of us from the University of Chi-
cago—Horatio Hackett Newman, pro-
fessor of biology; Shailer Mathews, dean
of the Divinity School; and I—met to
outline the strategy for what turned out
to be one of the most publicized trials
of the century. The Scopes trial proved
also to be a historic occasion in the cause
of popular understanding of science. A
century ago the educated world was
shaken by the discoveries of Charles
Darwin and Alfred Russel Wallace, and
the evidence they presented for the evo-
lution of life on this planet. In 1959, as
we celebrate the centenary of the Origin
of Species, few informed persons, if
any, question the theory of evolution.
However, the century has witnessed
several attempts to stifle investigation
and outlaw the teaching of the theory.
The best known of these was the Scopes
trial, held in Dayton, Tenn., in 1925.
The trial resulted in an immense revival
of public interest in Darwin and in evo-
lution; there has been no comparable
effort since then to suppress this advance
in man’s understanding of himself and
the world he lives in.

To understand the trial and what lay
back of it, one must recall the climate

by Fay-Cooper Cole

of the 1920s. It was a time of uncertain-
ty, unrest and repression. We had just
emerged from a world war. Old stand-
ards were badly shaken; the young were
labeled “the lost generation”; intolerance
was rampant. The Ku Klux Klan was on
the march, not only in the South but in
the North as well. In many towns in
Illinois, Indiana and other parts of the
Midwest, staid business men—even mem-
bers of the clergy—put on “white night-
ies” and burned fiery crosses to put the
Negro, the Jew, the Catholic and the im-
migrant “in their places.” The Funda-
mentalists, under the leadership of Wil-
liam Jennings Bryan, had organized in
some 20 states and were putting pressure
on all institutions of learning to curb the
teaching of science, particularly evolu-
tion, which they considered in contra-
diction to the Bible. Prohibitive bills had
been passed in Tennessee and Missis-
sippi and were pending in six other
states.

Then came the great opportunity. In
the little town of Dayton the high-
school science teacher and football
coach, 24-year-old John Thomas Scopes,
found himself engaged in a discussion of
the new law with George W. Rappelyea,
a young mining engineer and superin-
tendent of the local coal mines. Scopes
expressed bewilderment that the state
should supply him with a textbook that
presented the theory of evolution, yet
make him a lawbreaker if he taught the
theory. Rappelyea agreed that it was a
crazy law and clearly unconstitutional.
Then suddenly he asked: “Why don’t I
have you arrested for teaching evolution
from that text and bring the whole thing
to an end?” Scopes replied: “Fair
enough.”

Scopes was duly arrested. But neither
of the principals had any idea of what
they were starting. Within a few hours
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the Chattanooga papers carried the sto-
ry. Soon it was spread across the nation.
The Fundamentalists were quick to re-
alize the opportunity to dramatize their
battle against evolution. Bryan and his
associates offered their services to the
Prosecution. They were accepted. Here
was big news.

At this point, it happened, three law-
yers met in New York City for a confer-
ence on some business matters. They
were Clarence Darrow, controversialist
and defender of unpopular causes; Bain-
bridge Colby, an eminent corporation
lawyer and, like Bryan, a former Secre-
tary of State; and Dudley Field Malone,
a leading Catholic layman and a fashion-
able barrister. Their conversation turned
to the Tennessee situation. One said: “It
is a shame. That poor teacher, who prob-
ably doesn’t know what it is all about, is
to be sacrificed by the Fundamentalists.”
Another said: “Someone ought to do
something about it.” The third replied:
“Why don’t weP” Through the American
Civil Liberties Union they offered to
defend young Scopes. Their offer was
accepted.

This was real news! Bryan, three
times candidate for the presidency of
the U. S., the great Fundamentalist
leader and orator, on one side. On the
other, three of the nation’s most famous
lawyers, including Darrow, master jury-
pleader. The papers were full of the
story.

his was the background of Darrow’s

call to me and of our meeting at his
office in Chicago early in the summer of
1925. By telephone, wire and letter we
proceeded to assemble a panel of expert
witnesses: scientists to testify on the
theory of evolution and theologians to
give evidence on the history and inter-
pretation of the Bible. In addition to
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COMMITTEE OF LOCAL CITIZENS welcomes Bryan (center) to
Dayton, Tenn., scene of the trial. The group stands in front of the

Newman, Mathews and myself, our
panel finally included Kirtley Mather,
professor of geology at Harvard; Jacob
G. Lipman, director of the New Jersey
Agricultural Experiment Station at Rut-
gers University; W. C. Curtis, professor
of zoology at the University of Missouri;
Wilbur Nelson, state geologist of Ten-
nessee; Maynard Metcalf, professor of
zoology at Johns Hopkins University;
Charles Judd, head of the University
of Chicago School of Education; and
Rabbi Herman Rosenwasser of San
Francisco, a noted Hebrew scholar. All
of us, along with our counsel, undertook
to go to Dayton at our own expense and
to serve without fee.

The trial was scheduled for Friday,
July 10. But long before that date the
town was crowded with newspapermen,
Fundamentalist supporters and others
who were just curious. No one was will-
ing to house “the heretics,” that is, the
scientific witnesses and defense attor-
neys. So an old “haunted house” on a
hill overlooking the town was fitted out
as a dormitory.
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When I reached town, I took care not
to associate myself at once with the De-
fense group, and was able to wander
about for a time listening to the talk of
the local people. For the most part they
were extremely partisan to the Funda-
mentalist cause. But they were appre-
hensive of the famous Darrow, and they
were not yet aware of his plan to present
expert testimony on evolution and the
scriptures.

That evening I joined the group at
the “haunted house” and there met
young Scopes for the first time. He was
a fine, clean-cut young man, a little shy
and apparently overwhelmed by the
controversy he had stirred up. He ex-
pressed amazement that famous lawyers
like Darrow, Colby, Malone and Arthur
Garfield Hays (counsel to the American
Civil Liberties Union) should come to
his defense, and that a group of well-
known scientists should join them.

Little happened on the first day of
the trial beyond the selection of the jury.
A panel was offered, and Darrow ac-
cepted it without change after a casual
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home of F. R. Rogers, who was Bryan’s host during the trial. None
of the residents would provide accommodations for the Defense.

examination. But he did bring out the
fact that 11 jurors were Fundamentalist
church members. All admitted that thev
knew little about science or evolution.
One said that the only Darwin he had
ever heard about ran a local notion
store. One could not read or write.

The events of Sunday provided us
with an interesting insight into the local
climate of opinion. Charles Francis Pot-
ter, a liberal Unitarian minister and
writer who had been invited to conduct
services at the Methodist-Episcopal
church, was barred from the pulpit by
the parishioners. Meanwhile Bryan ad-
dressed an overflow house at the South-
ern Methodist church. That afternoon,
in an open courtyard in the center of
town, Bryan talked to an immense audi-
ence. He said he welcomed the oppor-
tunity to bring “this slimy thing, evolu-
tion, out of the darkness. . . . Now the
facts of religion and evolution would
meet at last in a duel to the death.” It
was a fine example of Bryan’s oratory,
and it swept the crowd.

The court opened on Monday with a



FOUR ATTORNEYS FOR THE DEFENSE lived in a “haunted

house” which was fitted out for the occasion. Seated are Darrow

prayer in which a local clergyman urged
God to preserve his sacred word against
attack. It was a scarcely veiled plea to
the jury.

The Defense filed a motion to (uash
the indictment on the ground that the
act violated the Constitution of the State
of Tennessee and Section I of the Four-
teenth Amendment of the Constitution
of the United States, which extends the
Bill of Rights to limit action by the gov-
ernments of the states. The Defense ar-
gued further that the indictment was
contrary to a U. S. Supreme Court de-
cision which says: “The law knows né
heresy, and is committed to the support
of no dogma, nor to the establishment
of any sect.” In support of this attack on
the indictment, the Defense declared
that it"wished to offer the testimony of
scientists and biblical scholars. These
expert witnesses, the Defense contended,
would show that there was no necessary
conflict between evolution and Christi-
anity.

Though the Defense asked that judg-

ment on its motion to dismiss should be

reserved until its witnesses had been
heard, Judge John T. Raulston ordered
the argument to proceed. On motion of
the Prosecution, he sent the jury from
the courtroom. Apparently the introduc-
tion of scientific witnesses had taken
Bryan and his associates by surprise.
Their ultimate response to our efforts to
argue the underlying issues of the case
was to lose them the trial in the minds
of the American people.

That afternoon Darrow pressed for
dismissal with an eloquent attack on
ignorance and bigotry. Coatless in the
sweltering courtroom, tugging at his
suspenders, he paced up and down, fir-
ing shot after shot at the Prosecution.
He stressed the danger to freedom of
press, church and school if men like
Bryan could impose their opinions and
interpretations on the law of the land.
“The fires of bigotry and hate are being
lighted,” he said. “This is as bold an
attempt to destroy learning as was ever
made in the Middle Ages. ... The
statute says you cannot teach anything
in conflict with the Bible.” He argued
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(left) and Neal (right). Standing are Arthur Garfield Hays (left)
of the American Civil Liberties Union and W. L. Thompson (right).

that in the U. S. there are over 500
churches and sects which differ over
certain passages of the Bible. If the law
were to prevail, Scopes would have to
be familiar with the whole Bible and all
its interpretations; among all the war-
ring sects, he would have to know which
one was right in order not to commit a
crime.

Darrow said: “Your Honor, my client
is here because ignorance and bigotry
are rampant, and that is a mighty strong
combination. . . . If today you can make
teaching of evolution in the public
schools a crime, tomorrow you can make
it a crime to teach it in the private
schools. At the next session of the Legis-
lature you can ban books and news-
papers. You can set Catholic against
Protestant, and Protestant against Prot-
estant, when you try to foist your own
religion upon the minds of men. If you
can do the one, you can do the other.
After a while, Your Honor, we will find
ourselves marching backward to the
glorious days of the 16th century when
bigots lighted the fagots to burn men
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JUDGE AND JURY were photographed in front of the Dayton T. Raulston. Eleven of the jurors were Fundamentalists. One of them
courthouse. Standing at right, straw hat in hand, is Judge John stated that the only Darwin he had heard of ran a local store.

SCOPES AND FRIENDS re-enacted the scene in the local drug- Leaning over his shoulder is George W. Rappelyea, the mining en-
store which led to the trial. Scopes is seated second from left. gineer whose complaint tested the Tennessee anti-evolution law.
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who dared to bring any intelligence and
enlightenment to the human mind.”

The speech made a profound impres-
sion. Townspeople agreed that anything
might happen with that man Darrow
around. Judge Raulston adjourned court
until Wednesday in order that he might
consider the motion to quash.

That night, as we gathered in our
haunted house for a conference, a ter-
rific storm swept the town. When a bril-
liant flash of lightning struck nearby,
Darrow said: “Boys, if lightning strikes
this house tonight . . . 1”

Tuesday was a quiet day. At Rappel-
yea’s office, where he had been invited
to take advantage of the secretarial fa-

cilities, Potter found that the stenogra- |

pher would not take dictation from any | '

Unitarian minister. Rappelyea himself
was arrested three times for speeding in
the course of his service to us as guide
and chauffeur. We were besieged by
Holy Rollers, who came in from the
hills to convert us. We also had to pro-
tect ourselves from a supporter. H. L.
Mencken had come to town. His vitri-
olic articles so antagonized the people
we wanted most to reach that we had
to persuade him to leave the scene.

After the jury was sworn in on
Wednesday, the Court ruled against the
Defense motion to quash the indictment.
The law, said Judge Raulston, did not
deprive anyone of speech, thought or
opinion, for no one need accept employ-
ment in Tennessee. He ruled the law
constitutional, saying that the public has
the right to say, by legislative act or
referendum, whether Latin, chemistry
or astronomy might be taught in its
schools.

The Prosecution then called the coun-
ty superintendent of schools, the heads
of the school board and seven students.
All testified to what Scopes had taught.
Darrow limited his cross-examination to
establishing simply that the State had
furnished the textbook. After offering
the King James version of the Bible as
an exhibit, the Prosecution rested.

The first witness for the defense was
Maynard Metcalf. A recognized scien-
tist, he was also an eminent Congrega-
tional layman and teacher of one of the
largest Bible classes in the country.
Darrow established his competence as a
witness, then asked a question on evolu-
tion. The Prosecution at once challenged
the testimony as irrelevant; according to
them the only question was: Did Scopes
violate the law?

The judge agreed to hear arguments
on this point the next day. Meanwhile he
excused the jury, with instructions not

|
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ENGINEERING ASSIGNMENTS
STIMULATE INTEREST ON
RCA PROJECT BMEWS
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Positions with RCA’s project for the new Ballistic Missile Early Warning
System involve a broad range of duties. BAEWS problems demand
new, adventurous approaches. Your headquarters will be in New
Jersey at a location suburban to Philadelphia. You'll have the oppor-
tunity to demonstrate the feasibility of your engineering planning
under actual environmental conditions in the Far North. Additional
compensation for Far North trips. BMEWS' challenge requires ex-
perience in: Heavy Ground Radar Systems, Digital Computer Systems,
Communications Systems, Data Handling.

Broad and liberal RCA benefits program to build security for you
and your family « Work with the very latest in facilities and equipment o
Every opportunity for progress in an RCA career.

TO ARRANGE CONFIDENTIAL INTERVIEW

Please send complete resume fto:

Mr. Robert Vincent g 5
RCA, Dept. BM-1A @
1809 Bannard Street, Riverton, N.J.

RADIO CORPORATION of AMERICA
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BRYAN was 65 at the time of the trial. He died only a few days SCOPES was 24. He was the high-school science teacher and foot-
later. He had run unsuccessfully for the Presidency three times. ball coach. Later he studied geology at the University of Chicago.

DARROW reads his daily mail in the courtroom. He had achieved V. Debs in 1894, and of Nathan Leopold and Richard Loeb in 1924.
fame largely through his defense of the Socialist leader Eugene Sixty-eight at the time of the Scopes trial, he lived until 1938.
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to enter the courtroom or to remain
within hearing of the loudspeakers. A
lot of angry jurors filed out. They had
not only lost their reserved seats, but
also were barred from the proceedings
entirely.

The trial reached its high point on
Thursday. After an impassioned plea by
the State’s Attorney against the admis-
sion of expert testimony, Bryan took
over for the Prosecution. Instead of mak-
ing good on his challenge of “a duel to
the death,” he argued against the pres-
entation of scientific evidence. He said
that the jury did not need the help of
scientists or Bible experts to decide the
facts and to interpret the law: “The law
is what the people decided.” He then
presented an enlargement of the picture
of the evolutionary tree from the text-
book Scopes had used; it showed man

in a circle with other mammals. Bryan |

shouted: “Talk about putting Daniel
in the lions” den. How dare these scien-
tists put man in a little ring with
lions and tigers and everything that

smells of the jungle. . . . One does not
need to be an expert to know what the
Bible says. . . . Expert testimony is not
needed!”

\Vfith that speech Bryan lost the argu-

ment with the press and with the
radio audience. When Malone had fin-
ished his reply, Bryan had also lost the
argument, for a time, with most of his
Dayton followers.

Malone was a Patrick Henry that day.
He asked whether our children are to
know nothing of science beyond that
permitted by certain sects. “I have never
seen greater need for learning,” he de-
clared, “than is exhibited by the Prose-
cution, which refuses information of-
fered by expert witnesses. . . . Why this
fear of meeting the issue? Mr. Bryan has
said this is to be a duel to the death. I
know little about dueling, Your Honor,
but does it mean that our only weapon,
the witnesses, is to be taken away while
the Prosecution alone carries the sword?
This is not my idea of a duel. . . . We
do not fear all the truth they can present
as facts. We are ready. We stand with
progress. We stand with science. We
stand with intelligence. We feel that we
stand with the fundamental freedoms in
America. We are not afraid. Where is
the fear? We defy it.” Then, turning
toward Bryan and pointing his finger,
he cried: “There is the fear!”

The crowd went out of control—
cheering, stamping, pounding on desks—
until it was necessary to adjourn court
for 15 minutes to restore order.

I was sitting next to the aisle. Beside

Outstanding
Engineers
and Scientists

to

help solve
“out of this world”
problems. ..

Today artificial satellites orbit in space. Missiles can span conti-
nents. Conservative scientists calmly talk of landing on the moon.

Just as they have contributed to other aeronautical sciences, the
various divisions of United Aircraft Corporation have made signifi-
cant contributions to these new fields of missiles and space
technology.

Recently the outstanding scientists and engineers who had
specialized in missiles, missile guidance and space penetration
problems in each division were brought together to focus their com-
bined skills on advanced concepts and systems. A new Division was
created . . . the Missiles & Space Systems Division.

This division is only weeks old. It is in an explosive growth
period. Yet it has a built-in stability factor . . . the advantages of
the brainpower, the “know-how”, the financial resources and the
unique facilities of a billion-dollar corporation that is already pre-
eminent in aeronautics.

This combination of newness and stability should be significant
to every alert engineer or scientist. It should suggest a unique op-
portunity to demonstrate ability and win the advancement and
other rewards that ability deserves.

If you are looking for opportunity, we suggest that you contact
us immediately.

Positions are available at all levelsin. ..

ELECTRONICS : Guidance, Radar, Countermeasures, Computers, Telemetry o
SYSTEMS ANALYSIS ¢ SYSTEMS INTEGRATION  MILITARY REQUIREMENTS
RELIABILITY « GROUND SUPPORT ¢ SPACE TECHNOLOGY : Astrophysics, Astro-
nautics ¢ AERONAUTICS: Preliminary Design, Performance, Aerodynamics,
Structures, Propulsion.

Please send your complete resume, including salary
requirements, to Mr. John A. North.

MISSILES & SPACE SYSTEMS

DIVISION OF UNITED AIRCRAFT CORPORATION e« EAST HARTFORD 8, CONN.
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This Catalog describes the new Datasync
multi-channel magnetic tape Recorder
which also takes a motion-picture on
the same Photo-Tape!

If you are engaged in Data Recording
for Military or Civilian Applications,
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“breakthrough”, we will send you
without charge this 40 page color
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This Catalog is available to others at
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me was a Chattanooga policeman, one
of the squad brought in to protect us
from the Ku Klux Klan. As Malone fin-
ished, my guard beat the desk in front
of me so hard with his club that a corner
of the desk broke off. His chief came up
and asked: “Why didn’t you cheer when
Malone made that speech?” My guard
replied: “Hell. What did you think I was
doing? Rapping for order?”

We had won for the day. Even the
hostile crowd was with us.

That night Darrow said: “Today we
have won, but by tomorrow the judge
will have recovered and will rule against
us. I want each one of you to go to the
stenographer’s room the first thing in
the morning and prepare a statement for
the press, saying what you would have
said if allowed to testify in court.”

As we were preparing our statements
next morning, Judge Raulston looked in.
I was nearest to the door. He asked what
we were doing. When I told him, he
asked the others in turn. Then he went
to Darrow and told him he must not re-
lease the testimony: “It might reach the
jury.” Darrow replied: “Your Honor, you
can do what you please with that jury.
You can lock it up, but you cannot lock
up the American people. The testimony
will be released.”

When court resumed, the judge ruled
against us on all points. Rising and push-
ing his long hair from his forehead, Dar-
row spoke slowly and clearly. “The out-
come is plain. We expect to protect our
rights in some other court. Is that plain?”
The judge replied: “I hope, Colonel
Darrow, you don’t attempt to reflect
upon the Court.” To which Darrow
drawled: “Your Honor has the right to
hope.” The insult was deliberate. For an
instant there was complete silence; then
the judge mumbled that he had the right
to do something else. A moment later he
adjourned court until Monday.

Public reaction to the ruling was em-
L phatic, and Bryan’s prestige was
shaken. Townspeople admitted to me,
one of the “heretics,” that they could not
understand why Bryan had backed
down. They asked: “What can you do
now, if you can’t talk?”

On Monday Darrow apologized to the
Court, momentarily relieving the ten-
sion. Then, in order to secure the foun-
dation for appeal, Hays read into the
record the prepared statements of the
scientific and other scholarly witnesses,
and concluded by placing in evidence
three versions of the Bible that differed
from one another and from the King
James version submitted by the Prosecu-
tion. Suddenly Hays electrified the
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crowd with the announcement that the
Defense wished to call Bryan to the
stand “as a biblical witness.”

Darrow submitted Bryan to grueling
examination. In reply to Darrow’s ques-
tions Bryan stated that he accepted the
Bible literally as God’s revealed word.
What he didn’t understand he accepted
on simple faith. He believed that Eve
was the first woman, created from
Adam’s rib; that God had sent child-
birth pains to all women because of her
transgression; that the snake must crawl
on its belly because it tempted Eve; that
everything outside the Ark, except fish,
perished in the flood; that all existing
animals had descended from the pairs
saved by Noah; that all men spoke one
language until the tower of Babel; and
that present languages had developed
since then. Only once did he falter, when
he admitted that the seven days of Cre-
ation might mean seven epochs. He con-
ceded that he was not familiar with the
work of archaeologists, who had uncov-
ered civilizations more than 5,000 years
old, but he declared that he had never
had much interest in those scientists who
disputed the Bible. Repeatedly the
State’s Attorney tried to stop the ques-
tioning, but always Bryan replied: “No.
Let it go on. I am not afraid to defend
my religion.”

Finally Malone intervened, saying he
would have asked the same questions,
but only to challenge Bryan’s literal in-
terpretation of the King James version.

As a churchman and a Christian, how-

ever, he objected to any effort by coun-
sel for the State to pin Darrow’s views
of religion on the defense. “I don’t want
this case to be changed by Mr. Darrow’s
agnosticism or Mr. Bryan’s brand of re-
ligion.” Malone further observed that
this was supposed to be a trial by jury,
yet the jury had not been permitted in
the court for more than 15 minutes since
being sworn in.

On Tuesday Judge Raulston struck
the examination of Bryan from the rec-
ord. The only question remaining, he
said, was: What did Scopes teach? To
this ruling Darrow replied: “Your Hon-
or, we are wasting time. You should call
the jury and instruct it to bring in a
verdict of guilty.” The Court did so, and
Scopes was fined $100.

Scopes had come on to graduate study

in geology at the University of Chi-
cago when ‘the Tennessee Supreme
Court heard Darrow’s appeal and at last
handed down its decision in January,
1927. The court narrowly affirmed the
anti-evolution statute but threw out the
$100 fine on a technicality. It brought



Technical Operations, Incorporated

* WASHINGTON, D.C. « MONTEREY, CALIFORNIA ¢« FORT MONROE, VIRGINIA

J+1(t) =x.(t-h) 1fx (t-h)-x

@® Problem: what doctrine for a motorized military convoy will mean
the highest over-the-road speed? Solving such a problem by experi-
mental, trial-and-error methods is difficult, long, and costly ... yet
answers to such questions are vital to our modern, mobile U. S. Army.
Scientists of tech/ops solved this one by devising and applying a mathe-
matical model to describe a convoy, programming this model for a large
digital computer. Resuli: another application of tech/ops’ research
techniques to solve a problem whose solution by conventional means
would have been prohibitively expensive. .. and a typical example of
tech/ops’ pioneering work in operations research and broad scientific
research and development for industry, business and government.

. Two other formulas complete this model:

Xj+1 (t) = Vc if BSe < xj (t—h) — xj4+1 (t—h) < Sc 2)
Xi+1 (£) = 1 [xj (t=h) — xj+1 (t=h)]if xj (t—h) — xXj41 (t=h) > Se 3)
The symbols have these significances: xj(t) is the position of the jth vehicle at
time t; V¢ is the assigned convoy speed; Sc is the assigned spacing between
succeeding vehicles in @he convoy; h is the driver reaction time; g is a constant.
Boundary conditions: x;(t) > 0; x(t) is a given (known) function.

Central Research Laboratories / Burlington, Massachuselts
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personnel requirements

at Fort Monroe, Virginia, or
Burlington, Massachusetts:
Operations analysts experienced in
industrial or military operations re-
search, systems analysis, weapons
systems evaluation, computer tech-
niques, or related fields; training
should be in mathematics or physical
sciences, on graduate level.

at Washington, D. C.: Program-
mers with substantial experience in
the development of large digital
computer programs; background
should include experience with de-
sign and application of assembly
programs, compilers, and advanced
programming concepts.

at Monterey, California: Com-
munications engineer or physicist
thoroughly familiar with the prin-
ciples of radio transmission and
communications- network analysis.
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This is one of a series of professionally informative messages on
RCA Moorestown and the Ballistic Missile Early Warning System.

BMEWS AND THE
DEVELOPMENT
ENGINEER

The Ballistic Missile Early Warning System will be
the keystone of defense against enemy-launched
ICBM’s. The development and design engineer as-
signed to BMEWS will determine to a great extent
the future security of the Western Hemisphere, for
the successful functioning of this unique radar
system will depend upon his ability to translate
technological concepts into effective hardware. On
BMEWS the development and design engineer must
project advanced theories of analog and digital
computing and data handling systems, cathode-ray
or electroluminescent display systems, or any of the
many facets of radar into circuits and components.
He must have the analytical capability and imagina-
tion to achieve the advanced performance neces-

sary for BMEWS.

BMEWS development is currently in progress at
RCA Moorestown, the weapon system manager,
and also within the facilities of several other major
corporations whose efforts are coordinated by RCA.
Entering the BMEWS program at an early date will
afford engineers the opportunity to contribute to
the basic system development and, through con-
tinuing participation, to witness its evaluation into
a final operating equipment.

For further information concerning career engineer-
ing opportunities on BMEWS and

other defense programs at RCA _@.
Moorestown, please direct your in- S—

quiry to Mr. W. J. Henry, Box V-11A.

RADIO CORPORATION of AMERICA
MISSILE AND SURFACE RADAR DEPARTMENT
0 MOORESTOWN, N. J.
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an end to the formal proceedings by
advising the State to desist from further
prosecution: “We see nothing to be
gained by prolonging the life of this
bizarre case.”

The Defense was also content to ac-
cept the Court’s advice. No attempt at
repression has ever backfired so impres-
sively. Where one person had been in-
terested in evolution before the trial,
scores were reading and inquiring at its
close. Within a year the prohibitive bills
which had been pending in other states
were dropped or killed. Tennessee had
been made to appear so ridiculous in the
eyes of the nation that other states did
not care to follow its lead.

At the University of Chicago I had
been teaching modest-sized classes.
When the University resumed in the au-
tumn my lecture hall was filled. Students
were standing along the walls and sit-
ting in the windows. I thought I was in
the wrong room. When I asked a boy at
the door what class was meeting, he re-

| plied: “Anthropology. The prof who

teaches it defended that fellow Scopes.”
From that time on Introductory Anthro-
pologyv had to be limited to lecture-hall
capacitv. My mail, mostly hostile, in-
creased until the University gave up
trying to put it in my box, but tied it in
bundles and sent it to mv office.

Some time after the trial I was sum-
moned to the office of Frederick
Woodward, acting president of the Uni-
versity. He handed me a long document,
a series of resolutions from a Southern
Baptist conference. They took the Uni-
versity to task for the part members of
its faculty had taken in the trial, taking
note of the University’s strong Baptist
origins. They voiced objections to Pro-
fessors Judd, Newman and Mathews, but
reserved the real condemnation for me—
the witness on human evolution. I was
“a snake in the grass corrupting the
youth of a nation,” and so on, conclud-
ing with “and we have been investigat-
ing Professor Cole still further, and we
find that he is not even a Baptist.”

I began to laugh, but the president
said: “This is no laughing matter. You
are a rather new man here, but already
we have more demands for vour removal
than any other man who has been on our
faculty. These resolutions are typical and
were considered of such importance that
they were read yesterday at the meeting
of the Board of Trustees.” “Yes,” I re-
plied. “And what did they do?” He
reached across his desk and handed me
a piece of paper. They had raised my
salary.



“SPACE CHESS,” a painting by Simpson-Middleman, a doubly-gifted team of
artists with a scientist’s penetrating insight. They portray here ““a chess-like
game played in a segment of space on a skewed board with pieces of uncertain
value against an unknown antagonist. The next move is unforeseen—it will
come out of the dark—it will be history’s most fateful gambit.”

Space-age openings at Boeing

Advanced projects under contract at Boeing include
Minuteman, a solid-propellant intercontinental bal-
listic missile, and Bomarc, America’s longest-range
area-defense supersonic guided missile system. Also
underway at Boeing are studies for orbital, lunar
and interplanetary systems.

These programs, along with extensive advanced
research efforts at the frontiers of science, have
created some of the nation’s truly outstanding career
opportunities for engineers and scientists.

There are openings at Boeing, now, in research,
design, manufacturing and development, in such
advanced areas as celestial mechanics, glide vehicles,
space trajectories, high speed drag and heating effects

in space flight and re-entry, anti-submarine warfare
techniques, gas dynamics, nuclear physics, solid-
propellant rocket engines, infrared techniques, anti-
missile missiles, advanced electronics, and ion and
plasma production and manipulation.

Boeing’s space-age orientation, exemplified by
advanced studies now underway in ballistic, orbital,
lunar, interplanetary and advanced defense systems,
has already laid a foundation for continuing leader-
ship in the future. Engineers and scientists of all
categories find at Boeing the kind of forward-striding
environment that means dynamic career growth.
Dropanote now to Mr. Stanley M. Little, Dept. B-83,
Boeing Airplane Company, Seattle 24, Washington.

BOEEING
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MATHEMATICAL GAMES

About mazes and how

they can be traversed

eyYyesS forthe
atomic
fleet

and for industry

The command ‘“Up periscope”
brings into play the subma-
riners’ visual link with the
world above the surface of the
sea. These complex, highly
precise instruments perform
their vital viewing and sight-
ing functions in all kinds of
weather and under widely va-
rying light conditions. Almost
all U.S. submarines including
those of the atomic fleet are
equipped with periscopes de-
signed and manufactured by
Kollmorgen.

This is a specialized field of
endeavor so is the develop-
ment of nuclear hot cell view-
ing systems, bunker periscope
systems, inspection and align-
ment instruments and much
of our other work.

We offer the services of a
completely integrated design
and manufacturing facility for
solving problems in remote
viewing, inspection, measure-
ment and photography of ob-
jects and processes under
adverse conditions. A new
brochure describes our fields
of interest and the facilities
with which we work. You may
have a copy by writing Dept.

191.

KOLLMORGEN

optical corporation
NORTHAMPTON. MASSACHUSETTS
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by Martin Gardner

‘ }i / hen young Theseus entered the
Cretan labyrinth at Knossos in
search of the dreaded Minotaur,
he unwound a silken cord given him by
Ariadne so that he could find his way
out again. Architectural labyrinths of
this sort—buildings with intricate pas-
sageways designed to bewilder the un-
initiated—were not uncommon in the
ancient world. Herodotus describes an
Egyptian labyrinth that contained 3,000
chambers. Coins of Knossos bore a sim-
ple maze design, and more complicated
maze patterns appeared on Roman pave-
ments and on the robes of early Roman
emperors. Throughout the Middle Ages
the walls and floors of many cathedrals
in Continental Europe were decorated
with similar designs.

In England the most famous architec-
tural labyrinth was Rosamond’s Bower.
It was reportedly built in a park at
Woodstock in the 12th century by King
Henry II, who sought to conceal his mis-
tress, Rosamond the Fair, from his wife,
Eleanor of Aquitaine. Using Ariadne’s
string technique, goes the tale, Eleanor
found her way to the center of the bow-
er, where she forced the unhappy Rosa-
mond to drink poison. The story caught
the fancy of many writers—notably
Joseph Addison, who wrote an opera
about it, and Algernon Charles Swin-

burne, whose dramatic poem “Rosa-
mond” is perhaps its most moving litera-
ry version.

Curiously the Continental custom of
decorating the interior of a cathedral
with maze mosaics was not adopted in
England. It was a common English prac-
tice, however, to cut mazes in the turf
outside the church, where they were
traversed as part of a religious ritual.
These “quaint mazes in the wanton
green,” as Shakespeare called them,
flourished in England until the 18th cen-
tury. Garden mazes made of high hedges
and intended solely for amusement be-
came fashionable during the late Renais-
sance. In England the most popular of
the hedge mazes, through which con-
fused tourists still wind their way, was
designed in 1690 for the Hampton Court
Palace of William of Orange. The pres-
ent plan of the maze is reproduced at
the bottom of this page.

The only hedge maze of historic sig-
nificance in the U. S. was one con-
structed early in the 19th century by the
Harmonists, a German Protestant sect
which settled at Harmony, Ind. (The
town is now called New Harmony, the
name given it in 1826 by the Scottish -
socialist Robert Owen, who established
a Utopian colony there.) The Harmony
labyrinth, like the medieval church
mazes, symbolized the snakelike twists
of sin and the difficulty of keeping on
the true path. It was restored in 1941.
Unfortunately no record of the original

Plan of a hedge maze at Hampton Court
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REPORT FROM IBM ‘ YTORKTOWN RESEARCH CENTER, NEW YORK

A further confirmation of special relativity

An extremely high-precision experiment, giving added
evidence of the correctness of Einstein’s Special Theory
of Relativity, has recently been conducted by a joint team
of scientists from the IBM Watson Research Laboratory
and Columbia University. These tests are perhaps the
most precise in the history of measurement.

According to Einstein, light is propagated in a way
which does not depend on the frame to which it is re-
ferred nor on the motion of the light source. In this unique
experiment, the scientists measured the variation in fre-
quency of radio waves radiating from a beam of “excited”
molecules in an ammonia MASER. These changes in fre-
quency of radio waves correspond to variations in the

direction of light propagation. The experiment compared
wave frequencies to an accuracy of one in one million
million—and demonstrated within extremely narrow lim-
its that wave frequency changes do not occur upon rever-
sal of the beam of molecules initially travelling in the
same direction as the earth in its orbit.

This research was made possible by the knowledge of
microwaves accumulated at the IBM Watson Research
Laboratory in New York City. The diverse scientific inter-
ests and the computing facilities at this Laboratory have
helped scientists of five continents solve problems in
basic research in such fields as engineering, astronomy,
chemistry, physics and psychology.

®

Investigate the many career opportunities available in exciting new fields at IBM.

International Business Machines Corporation, Dept. 6594, 590 Madison Avenue, New York 22, New York
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THE LEGENDARY FIREBIRD, the Phoenix, rose young
and strong again and again from flames . . . This is
the Norton Firebird — symbol for the exciting new
fused materials made in Norton’s electric furnaces.

| — 1ectrochem'1cc_xls
gi:ts of the firebird

New booklet on

BORON
Compounds
and other
electrochemicals

Born in flames, like the legendary
Phoenix, Norton electrochemicals gain
new power to perform new wonders. In
Norton electric furnaces they are trans-
formed into new high-purity compounds
of tremendous importance.

A quarter century ago, Norton began
developing stable boron compounds —
such as NORBIDE* boron carbide — and
now provides boron as the carbide, the
nitride, and as various borides.

Theincreasing Norton variety of boron-
rich compounds, including intermediates
for chemical processing and additives for
metal alloying, may be the answer to one
of your current production problems.
Write for this new booklet, describing
Norton electrochemical development of
boron compounds and other raw mate-
rials. NORTON COMPANY, Electro-Chemical
Division, 554 New Bond St., Worcester 6,
Massachusetts.

*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries

ELECTROCHEMICALS

GIFTS OF THE FIREBIRD: compounds of silicon
zirconium e boron ¢ aluminum ¢ magnesium
titanium ¢ chromium . .. including many borides
carbides e nitrides  oxides.

MAKING BETTER PRODUCTS
...TO MAKE
YOUR PRODUCTS BETTER

134

T

)

e
L

I

A “simply connected” maze (left) and a “multiply connected” one (right)

plan had survived, so the restoration was
made in an entirely new pattern.

From the mathematical standpoint a
maze is a problem in topology. If its
plan is drawn on a sheet of rubber, the
correct path from entrance to goal is a
topological invariant which remains cor-
rect no matter how the rubber is de-
formed. You can solve a maze quickly
on paper by shading all the blind alleys
until only the direct routes remain. But
when you are faced, as Queen Eleanor
was, with the task of threading a maze
of which you do not possess a map, it is
a different matter. If the maze has one
entrance, and the object is to find your
way to the only exit, it can always be
solved by placing your hand against the
right (or left) wall and keeping it there
as you walk. You are sure to reach the
exit, though your route is not likely to
be the shortest one. This procedure also
works in the more traditional maze in
which the goal is within the labyrinth,
provided there is no route by which you
can walk around the goal and back to
where you started. If the goal is sur-
rounded by one or more such closed cir-

| cuits, the hand-on-wall method simply

takes you around the largest circuit and
back out of the maze; it can never lead
you to the “island” inside the circuit.
Mazes that contain no closed circuits,
such as the maze shown in the illustra-
tion at left at the top of this page, are
called by topologists “simply connected.”
This is the same as saying that the maze
has no detached walls. Mazes with de-
tached walls are sure to contain closed
circuits, and are known as “multiply con-
nected” mazes (an example is depicted
in the illustration at right). The hand-on-
wall technique, used on simply connect-
ed mazes, will take you once in each
direction along every path, so you are
sure, somewhere along the route, to en-
ter the goal. The Hampton Court maze
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is multiply connected, but its two closed
loops do not surround the goal. The
hand-on-wall technique will therefore
carry you to the goal and back, but one
corridor will be missed entirely.

Is there a mechanical procedure—an
algorithm, to use a mathematical term—
which will solve all mazes, including
multiply connected ones with closed
loops that surround the goal? There is,
and the best formulation of it is given in
Edouard Lucas’s Récréations mathéma-
tiques (Volume I, 1882), where it is
credited to M. Trémaux. As you walk
through the maze, draw a line on one
side of the path, say your right. When
you come to a new juncture of paths,
take any path you wish. If in walking
along a new path you return to a previ-
ously visited juncture, or reach a dead
end, turn around and go back the way
you came. If in walking along an old
path (a path marked on your left) you
come to a previously visited juncture,
take any new path, if one is available;
otherwise take an old path. Never enter
a path marked on both sides.

The illustration at right on this page
shows a multiply connected maze in
which two closed circuits surround
the central cell. If the reader will apply
Trémaux’s algorithm, using a red pencil
to mark his trail, he will find that it will
indeed take him to the center and back
to the entrance after passing twice (once
in each direction) through each portion
of the maze. Better still, if you stop
marking the paths once the goal is
reached, you will have automatically re-
corded a direct route from entrance to
goal. Simply follow the paths marked
with one trail only.

For readers who might care to test
this technique on a more difficult laby-
rinth, the illustration at the bottom of
the next page shows the plan of a multi-
ply connected maze which the British
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mathematician W. W. Rouse Ball had
traced out in his garden. The goal is the
dot inside the maze.

Today’s adults are no longer enter-
tained by such puzzles, but there are
two fields of science in which interest
in mazes remains high: psychology and
the designing of computers. Psycholo-
gists have of course been using mazes for
several decades to study the learning be-
havior of men and animals. Even the
lowly earthworm can be taught to run
a maze of one fork, and the ant can
learn mazes with as many as 10 points of
choice. For computer designers, robot
maze-runners are part of an exciting pro-
gram to build machines which, like ani-
mals, profit from their experience.

One of the earliest of these pictur-
esque devices is Theseus, the famous
maze-solving robot mouse invented by
Claude E. Shannon, now at the Massa-
chusetts Institute of Technology. (The-
seus is an improvement on Shannon’s
earlier maze-solving “finger.”) The
“mouse” first works its way systemati-
cally through an unfamiliar maze, which
may be multiply connected, by using a
variation of Trémaux’s algorithm. When
the mouse reaches a juncture where it
must make a choice, it does not do so
in a random manner, as a man might,
but always takes the nearest path on a

certain side. “It is rather difficult to
trouble-shoot machines containing ran-
dom elements,” Shannon has explained.
“It is difficult to tell when such a ma-
chine is misbehaving if you can’t pre-
dict what it should do!”

Once the mouse has found its way to
the goal, memory circuits enable it to
run the maze a second time without
error. In terms of Trémaux’s system, this
means that the mouse avoids all doubly
traversed paths and tracks only the
paths it has traveled once. This does not
guarantee that it will take the shortest
route to the goal, but only that it will
reach the goal without entering any blind
alleys. A real mouse is much slower in
learning a maze because its exploration
technique is largely (but not entirely)
random trial and error, calling for many
successes before the correct path is
memorized.

Other robot maze-runners have been
built more recently. The most sophisti-
cated, devised by Jaroslav A. Deutsch
of the University of Oxford, is capable
of transferring its training from one maze
to another which is topologically equiva-
lent even though its lengths and shapes
have been altered. Deutsch’s maze-run-
ner also takes advantage of short cuts
added to the maze, and does several
other surprising things.
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These devices are surely only crude |
beginnings. Future learning machines
are likely to acquire enormous powers
and to play unsuspected roles in the auto-
matic machines of the space age. Mazes
and space flight—the combination car-
ries us back to the Greek myth mentioned
at the beginning of this article. The maze
of the Minotaur was built for King
Minos by none other than Daedalus, /
who gave man wings and whose son
perished from flying too near the sun. |
“So cunningly contrived a mizmaze was |
never seen in the world, before or since,”
writes Nathaniel Hawthorne in his \

Tanglewood Tales account of the story. C | N P D)
“There can be nothing else so intricate,
unless it were the brain of a man like

Daedalus, who planned it, or the heart the highest echelons to

of an ordinary man. . ..”

_—

ppointments at

. , holders of advanced degrees
Hele are the answers to the problems

posed in this space last month. . . .

The total resistance of the cubical net- in phySlCS, mathematlcs,
work is 5/6 ohm. If the three corners
closest to A are short-circuited together,
and the same is done with the three
corners closest to B, no current will low . . .
in the two triangles of short circuits and meChanlcal englneerlng
because each connects equipotential
points. It is now easy to see that there . . .
are three one-ohm resistors in parallel Litton Industries offers research appointments of
between A and the nearest triangle (re- the highest order of importance to the nation’s
defense and economic endeavors. Applicants must
have proven capability at the professional level for
contributions toward the advancement of knowl-
edge in the fields of computation, guidance, com-
munication, or control.

electrical

sistance 1/3 ohm), six in parallel be-
tween the triangles (1/6 ohm), and
three in parallel between the second tri-
angle and B (1/3 ohm), making a total
resistance of 5/6 ohm.

The three ways to number the faces In the field of Space Research, appointments will
of an octahedron so that the total around be made within the disciplines of astronautics,
each corner is 18 are: 6, 7, 2, 3 clock- bioastroph}{sics, basic physics, and hyperenviron-
wise (or counterclockwise) around one mental testing.
corner, and 1, 4, 5, 8 around the oppo- These few men will have as their resources the skills
site corner (6 adjacent to 1, 7 to 4 and of any of a thousand people who are the life of the
soon); 1,7, 2, 8 and 4, 6, 3, 5; and 4, electronic complex which is the Electronic Equip-
7,2,5and 6, 1, 8, 3. ments Division of Litton Industries. They will

The shortest distance the fly can walk command the most advanced computational instru-
to cover all edges of an icosahedron is ments as their tools, plus the only Inhabited
35 units. By erasing five edges of the Space Chamber in the freg world, plus engineering
solid (for example, edges FM, BE, JA, and manufacturing facilities which produce com-
ID and HC in the illustration presented plete systems.
last month) we are left with a network The locale is Southern California where both the
that has only two points, G and K, where physical and intellectual climates are to be enjoyed.
an odd number of edges come together. Send a brief resume to G. G. Dawson, Litton Indus-
The fly can therefore traverse this net- tries, Electronic Equipments Division, 9261 West
work by starting at G and going to K 3rd Street, Beverly Hills, California.

without retracing an edge—a distance of

25 units. This is the longest distance it

can go without retracking. Each erased LITTON INDUSTRIES
edge can now be added to this path, Electronic Equipments Division
whenever the fly reaches it, simply by

traversing it back and forth. The five

erased edges, each gone over twice, add

10 units to the path, making a total of

35. The Christmas message conveyed by

the letters is “Noel” (no “L”).
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Conducted by C. L. Stong

he particle accelerator has about
I the same relationship to nuclear
physics that the telescope has to
astronomy. The accelerator probes the
microcosm; the telescope, the macro-
cosm. Like the telescope, the accelera-
tor can open exciting vistas to the ama-
teur. But unlike the telescope, the ac-
celerator has failed to attract a large
amateur following. The notion seems to
have got around that a small particle ac-
celerator is little more than a toy. But
in 1932 the British physicists J. D. Cock-
croft and E. T. S. Walton did important
pioneer work in nuclear physics with a
150,000-volt accelerator of the electro-
static type which today can be built for
less than $200. With it Cockeroft and
Walton succeeded in transmuting lithi-
um into unstable beryllium, which then
broke down into helium with the release
of energy on the order of 17 million elec-
tron volts—scarcely the performance of a
toy. A beam of particles from a machine
of this size is capable of cutting the time
of chemical reactions, of inducing muta-
tions in living organisms, of altering the
physical properties of organic com-
pounds and of producing scores of other
interesting effects.

F. B. Lee, a chemical engineer and
faculty member of the Erie County
Technical Institute in Buffalo, N. Y., has
designed an electrostatic accelerator
suitable for amateur construction which
is similar to the Cockcroft-Walton ma-
chine but has more than twice its power.
“Unlike the accelerator preferred by the
physicist,” writes Lee, “this one is de-
signed for the amateur chemist. The
beam of electrons it produces is brought
out of the accelerator to irradiate targets
in the open air. The physicist usually re-
quires a closely collimated beam in
which all particles have about the same
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How to make an electrostatic machine

to accelerate both electrons and protons

energy, whereas the chemist is satisfied
with a more diffuse beam in which the
energy of the particles varies consider-
ably. Since the targets irradiated by the
chemist are usually rather thick, it is al-
most impossible to provide all sections
of the irradiated material with electrons
of uniform energy even if this were de-
sirable. Fortunately it is usually satisfac-
tory to have a large percentage of the
electrons penetrate the target complete-
ly. The ions produced within the target
by the beam are largely independent of
the energy of the beam, but the permis-
sible thickness of the target increases
with the accelerating voltage. Electrons
accelerated to an energy of 250,000 volts
will penetrate metallic aluminum to a
depth of about .25 millimeter; polyethy-
lene, to a depth of some three millime-
ters; air, to a depth of some two meters.
The depth of penetration is roughly in-
versely proportional to the density of the
target material and to the square of its
atomic weight.

“With the machine I shall describe
amateurs can perform endless experi-
ments based on the ionization of target
materials by electrons. In the case of
hydrocarbon targets numerous hydro-
gen atoms are dislodged from their sites
in the molecule by the stream of fast-
moving charged particles. Some of the
atoms promptly combine into molecules
of hydrogen (H,) and escape as gas.
Pairs of carbon atoms so stripped can
then combine to cross-link the hydro-
carbon molecules. Such cross-linking has
a profound effect on the physical proper-
ties of the irradiated substance. For ex-
ample, when molecules of the plastic
polyethylene are cross-linked by irradia-
tion, the plastic becomes much harder
and melts at a higher temperature. The
field is new and full of opportunities for
the amateur who enjoys original work.

“The electrostatic accelerator may be
thought of as a highly developed two-
element electronic tube. It consists of
an evacuated tube fitted with a source
of electrons or protons at one end, an ac-
celerating electrode at the other end, and
a high-potential electric field between
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the two. If the accelerating electrode is
made positive and the source is either a
filament, a radioactive or photoelectric
surface, or even a sharp point of metal,
the resulting beam will be composed of
electrons. If the accelerating electrode
is made negative and a tiny amount of
hydrogen is admitted to the tube, the
gas will ionize and the beam will con-
sist of hydrogen nuclei (protons).

“The major requirements for con-
structing a linear accelerator are a source
of high potential and a vacuum system
capable of reducing atmospheric pres-
sure (760 millimeters of mercury in a
mercury manometer) down to .00001
mm. of mercury. The high potential may
be generated by a Van de Graaff ma-
chine such as the one described in “The
Amateur Scientist’ for May, 1957. A
machine capable of delivering 20 mil-
lionths of an ampere (20 microamperes)
at a potential of 500,000 volts can be
built for less than $30.

“The tube for my accelerator was con-
structed from a junked piece of Pyrex
pipe two inches in diameter and about
three feet long. A 24-inch length would
have been preferable, but the dimen-
sions are not critical. A hardwood plank
eight inches wide, two inches thick and
five feet long serves as a common base
for the accelerator and vacuum pumps.
The accelerator tube is mounted verti-
cally near one end of the base, as shown
in the accompanying drawing [see op-
posite page]. The cathode fitting, which
closes the lower end of the tube, was
machined from a piece of brass 2% inches
in diameter and one inch thick. A hole
is drilled in one wall to receive the half-
inch copper pipe which connects the
tube to the vacuum pumps. Another
hole, in which an 1/8-inch pipe thread
is cut, receives a standard quarter-inch
compression fitting which serves as a
gland for the filament assembly. The fila-
ment assembly is comprised of a quarter-
inch rubber rod about half an inch long,
through which two No. 18 enameled
copper lead wires are run to support a
half-inch length of No. 30 Nichrome
wire. The lead wires were coated with



vacuum grease before they were forced
through the holes in the rod. The rod
was then greased lightly and slid into
the compression fitting, after which a
collar of rubber tubing was slid over it.
Finally the compression nut was run
home to seal the assembly. Details of the
gland are shown at upper left in the
second illustration [see next page]. The
entire unit is vacuum-tight, easy to as-
semble and has given no trouble.

“With the Van de Graaff machine
suggested, the tube develops a beam of
only 10 to 20 microamperes, and the
filament operates at a proportionately
low temperature. The optimum filament-
temperature must be determined experi-
mentally. The temperature is controlled
by a rheostat in series with the power
supply, which may be a simple doorbell
transformer. When the temperature is
too high, excessive emission lowers the
resistance of the tube and consequently
the voltage of the Van de Graaff ma-
chine. Lowered tube-voltage of course
means lowered beam-energy. In con-
trast, low filament-temperature results in
scanty filament-emission, which lowers
the beam current and increases the tube
resistance. Thus at low filament-tem-
perature the tube develops maximum
voltage, and proportionately higher en-
ergy is imparted to individual particles
in the beam. This compensates some-
what for the lower beam-current. For
this reason downward departures from
the optimum value of the filament tem-
perature are preferable to upward de-
partures.

“The electron beam is restricted to the
axis of the tube by a symmetrical elec-
trostatic field established by a series of
ringsspaced at three-inch intervals along
the tube. The rings consist of four turns
of 26-gauge bare copper wire. The ends
of the wire are twisted tightly enough
to hold the coil in place on the glass and
are spread about half an inch apart. The
points so formed act as corona elec-
trodes and pick up charge from the sur-
rounding air until electrical equilibrium
is established between the air and the
rings. In larger tubes, fixed resistors are
substituted for the corona points. This,
however, is not necessary in machines
operating at 500,000 volts or less.

“The upper end of the accelerator is
closed by a window of aluminum foil
through which the beam passes into the
air. To prevent the foil from rupturing
under atmospheric pressure, it is sup-
ported by an aluminum grid made of
quarter-inch aluminum plate. The plate
is drilled with 37 holes 3/16 of an inch
in diameter and arranged in a hexagonal
pattern [see illustration on page 141].

Approximately 50 per cent of the grid
area is thus open. The grid is cemented
to the upper end of the tube with vacu-
um wax. The foil window, which should
not exceed .001 inch in thickness, is
similarly cemented on top of the grid.

“High-vacuum equipment is sealed
with special waxes which have a low
vapor-pressure, i.e., they evaporate so
slowly that their vapors exert very little
pressure. These include de Khotinsky
wax, which has a vapor pressure of one
micron of mercury; Dennison waxes,
with a pressure of .01 micron; and
Picein and Apiezon-W waxes, with a
pressure of .00001 micron. The experi-
mental physicist John Strong recom-
mends a wax made by melting together
equal parts of beeswax and rosin. The
vapor pressure of this mixture approach-
es that of Picein and Apiezon-W. It is
applied smoking hot with a medicine
dropper, and though it adheres well to
cold surfaces, it is good practice to warm
the glass or metal parts on which it is

+ 350,000
volts

Van de Graaff
generator

Fi i, -/‘.f'.

power to filament

spread. I used Picein which chanced to
be available. The parts were heated to
the softening point of the wax, after
which the joints were rubbed with the
wax until a thin coating adhered. The
pipe and grid were then pressed together
until the wax set. Next the side face of
the grid was coated, and the foil was
pressed in place. The seal was completed
by applying a thin bead of wax around
the outside edges of both joints.

“A loop of 12-gauge brass wire was
then attached to the top of the tube by
friction tape as a frame to support the
12-inch spherical terminal. A simple mi-
croammeter, which consists of a high-
resistance capacitor of one microfarad
bridged by a 1/25-watt neon tube, is
also supported by the frame. The input
terminal of the microammeter is a 1%-
inch disk of 12-gauge sheet aluminum
supported by one axial lead of the capac-
itor at a height of 3/4 inch above the
aluminum window. The remaining lead
of the capacitor is soldered to a cross
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An electrostatic particle accelerator with a Van de Graaff generator as its power supply
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wire attached to the brass loop [see
illustration on opposite page].

“The electron beam enters the disk
and eventually charges the capacitor to
the firing potential of the neon tube,
which then flashes and discharges the
capacitor. A current flow of one micro-
ampere causes the tube to flash at 15-
second intervals, the flashing rate being
proportional to the intensity of the beam
current. A dimple roughly two inches
wide and half an inch deep is made in
the spherical terminal opposite the neon
tube, and a quarter-inch peephole is
drilled at the bottom of the depression.
The dimple prevents the concentration
of a strong electrostatic field at the sharp
edge of the hole and the loss of current
through corona discharge. The neon
tube can be observed safely at a distance
of about two feet. The positive terminal
of a 350,000-volt Van de Graaff genera-
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tor is placed in contact with the acceler-
ator terminal as the source of accelerat-
ing potential. Samples of material to be
irradiated, such as hydrocarbon com-
pounds or seeds, are placed on a carrier
of thin polyethylene sheet between the
aluminum-foil window and the disk elec-
trode of the microammeter.

“The accelerator tube must be evacu-
ated to pressure on the order of .01 mi-
cron of mercury to prevent excessive
collisions between the accelerated parti-
cles and molecules of gas. Molecules
ionized by such collisions are accelerated
toward the filament as positive ions, col-
lide with other molecules and create
still more ions until the resulting ava-
lanche of charged particles paralyzes the
tube. At a pressure of .01 micron, gas
molecules have a mean free path of 15
feet or more, and collisions are accord-
ingly infrequent.
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Details of the filament assembly for the accelerator
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“A vacuum of this quality requires
elaborate pumping equipment and ex-
treme care in eliminating leaks. The
most inexpensive commercial equipment
capable of attaining the desired pressure
is priced at about $200; hence there is
substantial inducement beyond the mere
challenge of an interesting problem to
use a home-built substitute—such as the
compressor units from old refrigerators.

“A rough vacuum of 20 millimeters or
so is easily pumped either by a water
aspirator or a refrigerator compressor
(connected backward). Higher vacu-
ums may be attained by connecting two
refrigerator compressors of the rotary
type in series to make a two-stage unit.
Compressors of the piston tvpe are not
satisfactory unless they are modified,
because the inlet valve which is actuated
by gas pressure stops working when the
system has been pumped down to a pres-
sure of about 30 millimeters.

“It is possible to make a 50-per-cent
improvement in the performance of pis-
ton compressors by bypassing the inlet
valves. Rotary compressors, such as are
used in the Frigidaire, have no valves
and are easily adapted to multistage use.
My system uses two second-hand units,
one of the piston type and the other of
the rotary, as “roughing” pumps. These
were purchased from a local dealer in
used iceboxes for $5 each, including the
motors. The intake valve of the piston
unit was byvpassed by drilling a hole in
the side of the cylinder just above the
low point of the piston’s travel. A short
length of copper tubing was brazed to
this port as the new intake. The piston
covers the port as it ascends, thus elim-
inating the need of gas pressure to actu-
ate the inlet valve. The intake of this
unit is connected by a hose to the dis-
charge port of the rotary compressor. A
system of pipes and valves permits the
discharge from the rotary compressor to
be connected either to the intake of the
piston unit or to a two-gallon reservoir.
A similar system of pipe- and valve-con-
nections permits the intake of the rotary
compressor to be connected either to the
outlet of a diffusion pump or to the re-
servoir. Connected in tandem and ex-
hausted into the air, the pumps will
reduce the pressure to about one milli-
meter. But by exhausting into the two-
gallon reservoir (previously pumped to
a pressure of one mm.) it is possible to
obtain a final vacuum of about .1 mm.

“Special oils of low vapor-pressure
must be used for lubrication. The pumps
are first drained of conventional oil, then
filled with about half a pint of paraffin
oil, operated for 10 minutes and drained.
If the paraffin oil shows traces of the old



oil, the pumps are again flushed with
paraffin oil.

“They are now filled with vacuum oil.
Some volatile fractions may still remain.
These can be removed by several hours
of operation. Unlike conventional vac-
uum pumps, refrigerator compressors
have large areas of contact between the
oil and gas on the discharge side of the
pump and are accordingly susceptible to
volatile fluids.

“My vacuum reservoir consists of a
pair of one-gallon glass jugs connected
with the pumps by half-inch copper pipe
inserted through rubber stoppers coated
with vacuum grease. The reservoir is first
exhausted by the tandem pumps. The
pinchcocks are operated to switch the
reservoir to the output of the rotary com-
pressor. If the system does not liberate
too much gas, one pumping of the reser-
voir will last many hours.

“The final pressure at which the tube
works is achieved by means of a diffu-
sion pump. A half-gallon reservoir is con-
nected between the inlet of the rotary
pump and the exhaust of the diffusion
pump. Pressure in both reservoirs is indi-
cated by a manometer connected as
shown [see illustration on next page].
When the pressure of either reservoir
rises above three millimeters, it is recon-
nected to the inlet of the rotary unit and
pumped down to one mm.

“My attempt to make a mercury diffu-
sion pump from spare pipe-fittings did
not succeed. I must confess, however,
that I did not try very hard. The project
should not be difficult for those with
access to machining facilities. Diffusion
pumps of various designs and capacities
are available on the market from $30 up.
The small sizes require about three
pounds of mercury, which costs about
$12 more. A heating unit ranging from
100 to 300 watts must also be provided
for vaporizing the mercury. My pump
[see illustration on page 144] was made
by a local glass-blower to operate against
a back pressure of about four millime-
ters. Judging by the literature, many
commercial pumps require a back pres-
sure of .3 mm. or less. In general, the
rate at which diffusion pumps remove
gas from the system varies inversely with
the back pressure against which they
operate. The ultimate pressure they pro-
duce depends on the vapor pressure of
the pumping fluid, which includes vari-
ous oils in addition to mercury. Vapor
pressure, in the case of mercury pumps,
establishes a lower limit of one micron
(.001 millimeter) unless the system is
equipped with a trap to prevent the mer-
cury vapor from entering the evacuated
vessel. A cold trap made by refrigerating

hole in spun aluminum /
terminal for veading

Zsample to be
A irvadiated
v

14 aluminum

- plate to
2 : support foil
: T = \\

2" pyrex tube
3 long

. \f’ ll _____/‘-——,:——ﬁ.;

001"
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friction
tape
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Details of the anode window and microammeter for the accelerator

part of the plumbing between the diffu-
sion pump and the accelerator tube en-
ables the pump to achieve a pressure of
.01 micron if the temperature of the trap
is maintained at minus 40 degrees centi-
grade. My trap consists of a U-shaped
section in the half-inch copper line. The
section is inserted in a tin can insulated
by a half-inch layer of cardboard cov-
ered by aluminum foil. The cooling mix-
ture consists of equal parts of water and
wood alcohol to which crushed dry ice
is added as required. The trap is not
chilled until the system has been
pumped to one or two microns. This pro-
cedure prevents the formation of ice in
the trap which will subsequently release
water vapor as low pressures are at-
tained, and thus increase the pump-
down time substantially.

“The mercury is vaporized by a unit

© 1958 SCIENTIFIC AMERICAN, INC

from a radiant heater to which an extra
winding was added to reduce its rating
to 150 watts. The heater is mounted in
a tin can and buried in sand up to the
top of the ceramic cone. Heat radiated
from the center of the cone is sufficient
to energize the pump. A 150-watt incan-
descent lamp would doubtless work as
well. In selecting a site for the apparatus
keep in mind that most diffusion pumps
require a supply of cooling water.

“Once the vacuum system is complete,
the easy part of the job is ended. One
then locates and seals the leaks. This
tedious procedure can consume days or
weeks depending upon the experimen-
ter’s luck and the efliciency of his leak-
detection gear.

“At least three closed-end mercury
manometers should be provided. These
consist of quarter-inch glass tubes about
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Optical Flats

High precision optical
flats of fused clear quartz
in sizes up to 18" diame-
ter. We have made them
for such agencies as the
National Bureau of Stand-
ards and many others who
desired better than 1/20
the wave length accuracy.

Price list on request.

' [1'
| Uerson

OFTICAL COMPANT ING,

Get UNITRON'S FREE
1 Guide and Catalogon

L TELESCOPES

Ohserver

ASTRONOMICA

This valuable 38-page book
is yours for the asking!

With artificial satellites already launched and space
travel almost a reality, astronomy has become today's
fastest growing hobby. Exploring the skies with a tele-
scope is a relaxing diversion for father and son alike.
UNITRON’s handbook contains full-page illustrated
articles on astronomy, observing, telescopes and acces-
sories. It is of interest to both beginners and advanced
amateurs.

Contents include—

Observing the sun,
moon, planets and
wonders of the sky

Constellation map

Hints for observers
Glossary of telescope terms
How to choose a telescope

Amateur clubs and research
programs

INSTRUMENT DIVISION of UNITED SCIENTIFIC CO.
204-206 MILK STREET = BOSTON 9, MASS,

Please rush to me, free of charge, UNITRON's new Observer's
I Guide and Telescope Catalog 6-M

Name

Street
I City State.

I
I
L————————_J
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24 inches long. If soda-lime glass is
used, one end can be sealed over a
Bunsen burner. A short section six inches
from the closed end is then heated to
softness and bent 180 degrees so that it
lies parallel to the long portion of the
tube. The long portion is then heated at
the point opposite the closed end and
similarly bent 180 degrees. The result is
aflat ‘S’ [see illustration below]. Enough
mercury is introduced into the tubing to
fill the closed leg of the ‘S” and about 20
per cent of the center leg. This can be
accomplished by placing the tube in a
reclining position and rocking it as the
mercury is introduced into the open end.
The closed leg must be completely filled
without a trace of bubbles. One manom-
eter is inserted in each of the reservoirs
and another is temporarily connected to
the accelerator tube.

“The roughing pumps are now start-
ed. If the mercury has not separated
from the closed end of the manometer at

the end of 15 minutes, the tube may be
tapped gently. If this does not cause
separation, check the pumps for faulty
operation. After the pressure has been
reduced to about one millimeter, the in-
dividual elements of the system should
be isolated by closing all pinchcocks.
The pumps are then stopped. The man-
ometers may be provided with card-
board scales calibrated in arbitrary units.
Manometer readings are recorded at the
end of the pump-down and compared
with a second set of readings made after
an interval of 12 to 24 hours. Each sec-
tion of the system will doubtless show a
rise in pressure. Vacuum grease is then
applied to all joints where a leak is sus-
pected and the procedure is repeated.
Ultimately the system will appear to be
tight. A run can then be attempted with
the diffusion pump in operation. In my
system a pressure of one micron is
achieved at the end of about 30 minutes,
and a usable vacuum in the accelerator

closed-end

I ‘ votary compressov
_ S —. W

piston-type
compressoy

closcd-gnd mercury
manometery

mevcury
manometeyr

two one-gallon
Jugs

jugs boxed for
protection incase
of implosion

_"‘w\
half-gallon jug

“Roughing” pump assembly for the vacuum system of the accelerator
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METALLURGISTS o

PHYSICAL CHEMISTS o

SOLID STATE PHYSICISTS o

CERAMISTS

v

Q. Dr. Focke, I have heard it said
that the Aircraft Nuclear Propulsion
Program adds a new dimension to

materials technology.Do you agree?

A. Strictly speaking, Mr. Walsh, re-
actor development for any applica-
tion may be said to do this, since
materials must be selected for their
nuclear as well as their physical
properties.

For some applications we look for
high neutron absorption cross sec-
tions; for others, low capture cross
sections.

For example, the material selected
for the moderator must be capable
of slowing down the neutrons pro-
duced by fission to thermal energy,
about 1/40 ev from their original
energy of several million ev with a
minimum loss of neutrons by para-
sitic capture. Control rods on the
other hand, must have high capture
cross section for neutrons.

In practically all material applica-
tions for the nuclear power plant for
aircraft which we are developing
here, however, we have a high
temperature problem of dimensions
unique in materials technology.

Ability to |, Nevtron

Component | HighStrength | "o oy | Absorption | b Special
| At High Temp. o Cross Requirements
Oxidation
| Section
Fuel Elements x x Low C_Ompauhimy
with fuel.
1 T | Avility to
Moderator x | = Low Low | Slowneutrons
| to thermal
effectively.
| control x . —— High T
| shied 1 = (—
| 1) Abili
a. Gamma = x o High(U Ability to
attenuate y.
(2) Abitity to
b. Neutron x | = High(2) Low | absorb withe

out producing
Y.

FIG. 1

Q. Why is that, Dr. Focke? Aren’t
these problems similar to those al-

ARE YOU OVERLOOKING SOME
OF THE MOST CRITICAL CHALLENGES
IN THE MATERIALS FIELD?

Listen in on this interview with Dr. A. E. Focke,
Manager Materials Development at General Electric’s
Aircraft Nuclear Propulsion Dept., Cincinnati, Ohio

Q. Can a materials man work ef-
fectively at ANP without previous

tr in leonics?

ready solved for marine I
propulsion?

A. Inthe ANP program weight and
size are severely limiting factors.
Here we are dealing with a small,
high density reactor a small fraction
of the size and weight of the sub-
marine reactor. To jam high energy
into small volume requires the de-
velopment of high temperatures.
Generally the higher the reactor
exit-air temperature, the better the
overall performance of the power
plant.

The crux of the problem here is
the fact that common materials de-
sired for some parts of the réactor
for nuclear considerations, cannot
operate at the maximum tempera-
ture of the over-all system.

These charts, prepared for a re-
cent paper will give you a better
conception of the materials problem.
Fig. 1 summarizes the general re-
quirements. Figs. 2, 3 and 4 review
a few of the basic physical proper-
ties of each of 11 metals selected for
discussion.

A. Certainly. All the orthodox skills
of the metallurgist, ceramist or
chemical engineer are called into
play here. The Aircraft Nuclear
Propulsion Department will provide
necessary training and information
in nucleonics.

Q. What you’ve just told me, Dr.
Focke, I certainly can discern the
challenge to the materials man that
you have here. I suppose you are
working with alloys of some of the
more exotic metals somuchdiscussed
in the latest technical literature?

A. Security limitations forbid my
naming specific materials on which
we are concentrating our investiga-
tions at this time. We have, however,
made considerable progress, though
a great deal of work remains to be
done before our first high perform-
ance nuclear power aircraft makes
its maiden flight.

One of our principal problems is to
be sure we have people with the re-
quired technical competence and spe-
cific abilities to function effectively.

Some characteristics of 11 metals in relation to possibl
Plant for Aircraft —prepared by Dr. A.

Thermal Neutron
Absorption Cross

Melting Point-°F
Section In Barns

LHf 1050 LW 6116
2.Re 840 2.Re 5756
3.7Ta 213 3.Ta 5426
AW 192 4.Mo 4752
5.0 7.68 5.Cb 4474
6.Th 7.4 .6.Hf 4032
7.7 5.6 7.V 3452
8.V 5.1 8.Zr 3375
9.Mo 25 9.Th 3308
10.Cb 11 10T 3020
1.2 018 11U 2071
FIG. 2 FIG. 3

E. Focke, M

ication in Nucl
, Materials Devel

Power

Crystal Structure  Allotropic Transformation

1.Re  h.c.p. NONE (known)
2.Hf  h.c.p. b.c.c. 3020°F
3.Ti h.c.p. b.c.c. 1620°F
4. Zr h.c.p. b.c.c. 1584°F
5.Th f.c.c. b.c.c. 2426°F
6.W b.c.c. NONE
7.Ta  b.c.c. NONE (known)
8.Mo b.c.c, NONE
9.C6b b.c.c. NONE
10.V b.c.c. NONE
11. U ortho tetra 1220°F; b.c.c. 1427°F
FIG. 4

Metallurgists, cer

physical chemist

solid state physicists with background

in hi-temperature materials are invited to inquire about professional oppor-
tunities in these areas. Nuclear experience, while desirable, is not essential.

Write in confidence including salary requirements to: Mr. P. W. Christos, Professional & Technical Personnel — Division 55-MA.

AIRCRAFT NUCLEAR PROPULSION DEPARTMENT

GENERAL @D ELECTRIC

P.O. Box 132

Cincinnati 15, Ohio

A FEW OPENINGS IN OTHER AREAS OF THE PROGRAM FOR: NUCLEAR ENGINEERS e THERMODYNAMICISTS ¢ MATHEMATICIANS
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PHYSICAL
METALLURGISTS

Join one of industry’s most pro-
gressive teams in exploring the
metallurgical frontiers of super-
sonic flight.

Here are unusual opportuni-
ties in applied research for
experienced metallurgists who
would like to assume increased
responsibility and expand their
“sphere of influence.”

Successful applicants must
havethe ability to organize and
direct the work of others. These
positions afford exceptional
opportunities for advancement
in an expanding materials de-
velopment program.

Background Preferred:
Graduate Metallurgical Engi-
neer with at least four years
experience including develop-
ment or application work in one
or more of the following spe-
cialties:

Titanium Alloys

Hot Work Die Steels

Superalloys

Refractory Metals

Mechanical Metallurgy

(Sheet Metal Forming)

For more information please
write to: Mr.W.A.Stevenson.
Engineering Personnel, North
American Aviation, Inc., Los
Angeles 45, California.

NEOOSRAI;E;S DIVISION T'A\

AMERICAN
AVIATION, INC.

N
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tube is attained about eight hours later.
The roughing pumps are used for about
an hour or until the tube pressure drops
to .5 millimeter, after which they are
valved off and shut down. The half-
gallon reservoir on the outlet of the dif-
fusion pump has sufficient capacity to
receive the exhaust for several days of
continuous pumping,.

“Most experimenters will want at least
one high-vacuum gauge of the McLeod
type to check leaks too slow to show on
the manometers. The McLeod gauge
operates on the principle of trapping gas
in a chamber of substantial volume and
then compressing it by a column of mer-
cury into a closed capillary tube. The
pressure of the compressed gas is then
compared with that in the vacuum sys-
tem by observing the difference in
height to which a column of mercury
rises in a matching capillary connected
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Mercury diffusion pump and cold trap for the vacuum system

to the system. One of my gauges is
shown in the accompanying illustration
[page 146]. It was made of discarded
laboratory pipettes that had broken tips
but were otherwise usable. Readings
made with it are accurate down to about
10 microns, but gas released from the
rubber connections prevents measure-
ments at lower pressures. A second
gauge made by a professional glass-
blower detects .1-micron pressures. The
instruments require about three pounds
of mercury. Dibutylphthalate ($1 per
pound) has been substituted for mer-
cury as an economy measure; I have also
tried salad oil and olive oil. These are
usable if they are boiled for a few min-
utes at one millimeter of pressure, but
they absorb volatile materials easily and
in time become erratic.

“Those who build this accelerator
would be well advised to read the sev-



UNUSUAL TELESCOPE BUYS

v X

AND OTHER OPTICAL BARGAINS

CLOSEOUT' MECHANICAL DRAWING SET
Regular Price $18.00—0ur Price Only $6.00 Ppd.

American mfr. couldn’t com-
pete with foreign imports—
thus you get a terrific bar-
gain, even far below import
prices. 10 handsome pieces in
velvet-lined case. ~Nickel
plated brass—precision Am-
erican-made. We guarantee
you'll be satisfied or money refunded.
Stock No. 50,200-S. ....$6.00 Postpaid
Quantity Price: 5 Sets for $5.50 each Postpaid
10 Sets for $5.00 each Postpaid

GENERATOR

Sturdy, Improved Model!
See a thrilling spark display as you
set off a miniature bolt of light-
ning. Absolutely safe and harmless.
Sturdily made—it stands 14” high.
Turn the handle and two 9” plastic
discs rotate in opposite directions.
Metal collector brushes pick up the
static electricity, store it in the
Leyden jar type condenser until dis-
charged by the jumping spark.

Countless tricks and experiments.
24 page instruction booklet included.

Stock No, 70,070-S..

cieevenenenneene. $12.95 Postpaid

Take Telephoto
Shots Thru

7 x 50
MONOCULAR

This is fne quality., American made instrus
surplus! Actually i of 1.8, Govt. T x 50 Bino
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.

eni
cular. Ured

war

K-24 AERIAL CAMERA

i War surplus. Guaranteed
i perfect working order. Ex-
cellent camera for photo-
graphing satellites. Com-
plete with 7” f/2.5 Kodak
Aero Ektar lens and maga-
zine which takes film 5%” wide x 26’ long.
Stock No. 85,067-S. .$99.50 f.0.b. Utah

SPITZ
MOONSCOPE

A precision-made 45 power reflect-
ing telescope—by the makers of Spitz
Planctarlum Clearly reveals the craters
aturn, Jupiter, other
heavens. ' Based on _same
principles as world’s giant telescopes. Stands
36” high on removable legs. Adjustable 3"
polished and corrected mirror. Fork type Alt-
Azimuth rotates On full 360° circle—swings to
any location in sky. Fascmatmg 18-page
instruction book 15 included. Instrument
packed in sturdy carrying case.

Stock No. 70,068-S..........$14.95 Pstpd.

American Made—
Over 50% Savin
* STEREO MICROSCOPE

Years in development. Equals $300 to
$400 instrument. Precision American
made. Used for checking, inspecting,
small assembly work. Up to 3” work-
ing distance. Clear, sharp, erect
image. Wide, 3 dimensional field. 2
sets of objectives on rotating turret.
23X and 40X.

f.0.b. Barrington,

Low Power Supplementary Lens Attachment for above Stereo
—provides 15X down to 6X with clear, extra large 1%”
field at 6X.

Stock No. 30,276-S $7.50
ORDER BY STOCK MNUMBER

Stock No. 85,056-S.......... $99.50

4"

40X Kellner,

newspaper headline at a mile!

6X Finder. Rack and pin focu

only one adJustmem follows stars!
%" T. eyepiece,

ASTRONOMICAL TELESCOPE
MT. PALOMAR TYPE onLy
UP TO 270 POWER
A REAL REFLECTOR TELESCOPE
Complete with Equatorial Mount, Tripod
With this scope you can see the craters on the moon, rings of Saturn,

Mirror guaranteed to give theoretical limit of resolution.
ng, removable mirror mount, real equatorial mounting—

$7450

double stars, or a

Aluminum tube—takes standard eyepieces. You get
one Barlow lens to give you up to 270 Power.

$74.50 f.o.b. Barrington, N. J.

F/11 mirror corrected to better than %4” wavelength.
Stock #85,006-S.
ASSEMBLED
AND

READY TO USE!

You'll
detail,

Phetogra
of the n
oleser

ors! This |
on taken L
hy n 1

Order Stock No, 70,162-S

SALE! TERRIFIC WAR SURPLUS BARGAIN!
AERIAL CAMERA

LENSES

Government Cost §1218—

Now Low ns $39.50 Used
Mude by B & L and E. K
% FL, /4, In 23" Jong
Lens » Use as long range
Big Bertha Telephoto len for
chest feld (wide ||;|‘ low pow

Ri

telescope,

etc.  Lenses are —qir
j-element type, A m-l Au- Ektar
ily rclllu\'r{f. Din 2) is included.
Open approx. 1™ to Lens amd cone—wt,
25 lbs. Sturdy carrying i—wt. 26 lhs

Stock No. 85,059-8 24" used Price $39.501.0.b. Utah
Stock No. 85,060-S 24" new Price $59.50 f.0.b, Utah

MAKE YOUR OWN POWERFUL
ASTRONOMICAL TELESCOPE

GRIND YOUR OWN ASTRONOMICAL MIRROR
Kits contain mirror blank, tool, abrasives, diag-
onal mirror and eyepiece lenses. You build instru-
ments ranging in value from $75.00 to thousands
of dollars.

Stock No. Dia. Mirror Thickness Price
70,003-S 414" %" $ 7.50 postpaid
70,004-S 6" 1" 11.95 postpaid
70,005-S 8" 13" 19.50 postpaid
70,006-S 10" 13¢” 30.75 postpaid
70,007-S 12" 2l/8" 54.75 postpaid

50-150-300 POWER MICROSCOPE

Amazing Value—Equal of a $75.00 In-
strument! 3 Achromatic Objective Lenses
on Revolving Turret! Imported! The color-
corrected, cemented achromatic lenses in
the object tues give you far superior results
to the single lenses found in the micro-
scopes selling in this range. Results are
worth the difference! Fine rack and
pinion focusing.

Stock No. 70,008-S....$14.95 Pstpd.
MOUNTED 500 POWER OBJECTIVE

. Threaded for easy attachment on
above microscope. Achromatic lené.cs for
fine viewing. mm. focal leng

Stock #30,197-S. .55.00 Psfpd.

+SEND CHECX OR MONEY ORDIER ,

see the Rings of
huge craters on the Moon,
Galaxies!
Aluminized and overcoated
Telescope comes equipped With a
Barlow Lens, 60
Telescope,
wood, portable tripod.

Stock No. 85,050-S

Take Photos of the MOON

Thru Your Telescope! with the EDMUND
CAMERA HOLDER for TELESCOPES

Bracket attaches permanently to your reflecting or refracting telescope. Re-
movable rod with adjustable bracket holds your camera over scope’s eye-
piece and you're ready to take exciting pictures of the moon.
take terrestrial telephoto shots of distant objects! Opens up new fields
of picture taking!
SUN PROJECTION SCREEN INCLUDED

White metal screen is easily attached to holder and positioned behind
eyepiece. Point Scope at sun, move screen to focus . . . and
see the sun spots!

ALL FOR THE LOW, LOW PRICE of $9.95
beackets
Lirarkeis

S? 95 Poﬂpﬂld

See the Stars, Moon, Planets Close Up!
3”7 ASTRONOMICAL REFLECTING TELESCOPE

60 to 160 Power—An Unusual Buy!

Famous Mt. Palomar Type

Saturn, the fascinating planet Mars,
Star’ Clusters, Moons of Jupiter in
Equatorial mount with lock on

3” diameter high-speed /10 mirror,
60X eyepiece and a mounted
Optical Finder

giving you to 160 power. An O
Sturdy, hard-

always so essential, is also included.

Free Wl!h scope: Valuable STAR CHART
and 27 page ‘'Astronomy Book.’

$29.95 Postpaid

You can also

you can

RN rud, projeciion sereen, and directions.
Glack vrinkle paiyted

Send Check or M.O.—Money-bock Guarantee.

soTEWS

War Surplus American-Made

7X50 Binoculars

Blg savings | Brand new ! Crys-
tal  cle viewing—7 power,
Every optleal
An excellent night glas
slze recommended for
viewling. lmll.\lnllml eye forus
Sxlt 1u||.| imm, Approx. fleld
ying case Included.
1 $195, Our war
nl. money.

..only $55.00 pstpd.

1 Tax included)

1,000 yds.
Amerlean
surplus price
Stock MNo. 1533 S

ERECT IMAGE LOW POWER

5X, 10X, 20X
$80.00 Value—Only $19.95

MICROSCOPE

Extremely sturdy with rack and pinion
focusbng. eulor corrected optics, turntable
mirroscope body for inclined viewing, three
1t powers, long working distance under
sufficient eye relief for easy view-

le from war surplus optical instru-
s that you actually get $80.00 of value.
W # 4 lbs., 13” high. 10-DAY FREE

IJI.F Als! Accessory objectives available for powers of 15X,

X, 40X
Stock No. 70,172-5 $19.95 Postpaid

“tor. FREE CATALOG-S

FOR
96 pages! Over 1,000 items. Optics for the
Space Era! Huge selection of lenses, prisms,
war surplus optical instru-
ments, parts and accesso-
ries. Telescopes, Micro-
scopes, Satellite Scopes,
Binoculars, Infrared Snip-
erscopes, etc. Request
Catalog-S.

SATISFACTION GUARANTEED!

EDMUND SCIENTIFIC CO.,BARRINGTON, NEW JERSEY
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&4 144 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 objectives.

Aluminum tubing and cells available for lenses listed below.

Send for complete list of other diameters and focal lengths.

Dia, F.L EACH F.L. EACH
217 167 $12.50 Ag" 15” $21.00
aigr 157 $ 9.75 3a” 241 $§22.50
olgr 9414 $12.50 31 40” $30.00
214" 07 $12.50 42 $67.50
a1 507 $12.50 587 2434 $85.00

We can supply ALUMINUM TUBING for the above lenses.

MOUNTED AIR SPACED OBJECTIVES

The finest American Made, hand-corrected
air-spaced astronomical objectives;
mounted in black anodized aluminum cells.

F.L. PRICE

DIA. ICE
Va" 8” Coated $32.00 Not Coated 2 0
478" 627 Coated $69.00 Not Coated
6” DIA. AIR SPACED |
ASTRONOMICAL

TELESCOPE OBJECTIVE |

Hard coated on 4 surfaces

£/10—60"  focal length MOUNTED $175.00
UNMOUNTED $150.00
£/15—90"  focal length MOUNTED $175.00

UNMOUNTED $150.00
The effective aperture of the above lenses is six inches.
The black anodized aluminum mount fits into seven |
inch dia. o

8 POWER ELBOW TELESCOPE 8x50

This M-17 telescope has a brilliant image 48
degree apparent field—325 feet at 1,000 yards,
The telescope can he adjusted for focusing 15
feet to infinity. It has a 2" objective, focus-
ing eyepiece 28mm focal jength with an
Amici erecting system. Turret mounted

filters, clear, red, amber and neutral. Lamp
housing to illuminate reticle for

night-time use. Truly the biggest

bargain you were ever offered. / “g

Original Government cost $200.
ASTRONOMICAL TELESCOPE MIRRORS

aluminum tubing.

BARGAIN PRICE .$13.50 Ppd.

Precision polished to 14 Dla F L Postpaid
wave and aluminized. Mir- $ 9.75
ror mount, rack and pin- 41/,” Pyrex 4"’ $13.50
ion, tubing available. 6” DPyrex 60" $25.00
I Free Catalogue ““MILLIONS” of Lenses, etc. l

We pay the POSTAGE—C.0.D.’s you pay postage—Satisfaction
guaranteed or money refunded if returned within 10 days.

GIIA Merriek ﬁ
YNBROOK

AEGERS

LINGUAPHONE

MAKES IT EASY TO
LISTEN and LEARN to

SPANISH (.’exre. ) » FRENCH
ITALIANGERMAN<RUSSIAN«JAPANESE

ICELANDIC «  MODERN GREEK
—any of 34 languages available AT HOME

With LINGUAPHONE—The World’s Standard Conversa-
tional Method—You Start to SPEAK another langua e
TOMORROW—or IT COSTS YOU NOTHIN
In just 20 minutes a day, you can learn anothex
language while relaxed AT HOME—the same easy,
natural way you learned to spealkk English long
before you went to school.
Only LINGUAPHONE brings 8 to 12 of the world’s
best native language teachers into your home. You
hear both men and women converse about up-to-
date, everyday matters in their native tongue. YOU
listen—YOU understand—YOU SPEAK correctly
as they do. It’s like living in another land.

That’s why Linguaphone is used round the world

by scientists, educators, governments and business

firms. Over a million home-study students of all
ages have learned to speak another language this
ideal, conversational way.

Send today for Free booklet that fully describes the

Conversational Method: also details on how you may

obtain a COMPLETE Course-unit in the language

you choose on FREE TRIAL.

Linguaphone Institute, T-3019 Radio City, N. Y. 20.
LINGUAPHONE INSTITUTE _I
T-3019 Radio City, New York 20, N. Y.
D’lease send me: [] FREE Book.

O Details on FREE Trial. No obligation, of course.
My language interest i

|
|
|
|
| Name
|
|
|

Address

Cit, 1
World’s Standard Cnnversahunal Method For Over
Half a Century

L

eral reference texts listed in the bibli-
ography [page 162] before purchasing
supplies.

“Several hazards should be noted.
First, a large evacuated glass vessel can,
if it breaks, scatter glass at high velocity
over a large area. It is essential that the
glass reservoirs be enclosed in wooden
or metal containers. Second, keep in
mind that the accelerator is a close rela-
tive of the X-ray tube. The penetrating
power of X-rays is determined in part by
the atomic weight of the target bom-
barded by electrons. X-radiation emitted
by light elements such as aluminum is
readily absorbed by glass, thin metal or
even air. But heavy metals, such as cop-

er, generate penetrating and dangerous
radiation. It is important, therefore, ‘to
expose only materials of low atomic
weight to the beam. Third, the inexpe-
rienced worker should observe care in

handling mercury, particularly when it
is confined in glass tubes. If air is ad-
mitted abruptly to a manometer of the
closed-end type, it is astorishing what
damage the ‘water hammer’ (in this case
mercury hammer) can do. Enclose the
manometers in transparent plastic bags.
Just having a few pounds of mercury
around constitutes a substantial hazard
because the vapor pressure of mercury
is high enough to worry about even at
temperatures as low as 80 degrees Fahr-
enheit. Fourth, although the voltage of
the Van de Graaff generator is not neces-
sarily hazardous in itself, an unexpected
shock can throw one off balance and
thus lead to an accident.

“I will be glad to provide assistance
in locating supplies. Letters addressed
to F. B. Lee, Erie. County Technical
Institute, Buffalo, N. Y., will be an-
swered as promptly as possible.”
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address your inquiry to:

Professional Staff Appointments

It is the practical visionary who has given us much of what
we enjoy today. And it will be the visionary—the man with
ability to seek concepts beyond the existing limitations of science
—who will guide our developments of tomorrow.
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University seeks men who will be engaged in advanced research
problems—who will find solutions to problems yet to be posed.
Their findings will provide guidelines for the space and missile
hardware research of the future.

Your endeavors will be heightened by the professional atmos-
phere of APL. This atmosphere, created by men dedicated to
the furtherance of science, has earned APL a reputation as a
leader in programs vital to the national security.

The Johns Hopkins University
APplied Physics Laboratory

8641 Georgia Avenue, Silver Spring, Maryland
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by James R. Newman

ABORTION IN THE UNITED STATES, edited
by Mary Steichen Calderone. Hoeber-
Harper ($5.50).

bortion is an ancient practice, but
A even in antiquity it provoked
sharp differences of opinion.
Plato, in the Republic, approved abor-
tion to prevent the birth of incestuous
offspring; Aristotle, always a practical
fellow, looked upon it as a useful Mal-
thusian governor. The Hippocratic oath,
on the other hand, contains the words “I
will not give to a woman a pessary to
produce abortion”; Seneca and Cicero
condemned abortion on ethical grounds;
and the Justinian Code prohibited it.
There seems little doubt, however, that
in the Roman Empire and the Hellenistic
world abortion was, as one authority has
stated, “very common among the upper
classes.” The Christian Church took a
stern stand against this “pagan attitude,”
and pronounced abortion a sin. In many
states the law followed church doctrine
and made the sin a crime. But in Anglo-
Saxon law abortion was considered “an
ecclesiastical offense only.”

Abortion is today a world problem.
Surveys and studies by individuals and
by UNESCO show the practice to be
widespread in, among others, the Scan-
dinavian countries, Finland, Germany,
the U.S.S.R., Japan, Mexico, Puerto Rico,
Latin America and the U. S. George
Devereux’s book, A Study of Abortion in
Primitive Societies, which covers some
400 preindustrial societies as well as
20 historical and modern nations, con-
cludes that abortion “is an absolutely
universal phenomenon.”

The problem has grown with the
growth of population. Poverty, ill health,
vanity, social customs, aversion to pain
are familiar reasons for resorting to abor-
tion; other factors are the “urban middle-
class attitude toward illegitimacy,” in-
adequate sex education, prohibitions
against birth control. In most societies

BOOAD

A conference on abortion

as a disease

the problem has usually been mishan-
dled. Ignorance, hypocrisy and inhu-
manity have presided in judgment over
it. Because a frank admission of the
dimensions of the problem might force
remedial action which would provoke
intense religious and social opposition,
politicians, physicians, public health
officials and others who make rules and
opinion are wont to pretend that the
practice is negligible. They are aided
in this courageous stand by the general
lack of knowledge in the matter. It is
true, to be sure, that except for limited
samples reliable statistics do not exist.
Nevertheless it is clear, on the basis of a
mass of data, that an enormous number
of abortions—running into the millions—
are performed annually the world over.
We are faced, therefore, with a matter
of the highest medical and social impor-
tance: a disease of society, the more seri-
ous because many communities refuse to
recognize it and do nothing to eliminate
its causes and mitigate its effects.

This challenging and engrossing book
is evidence that there are men and wom-
en who recognize the nature and scope
of the problem and are working to
bring it into the open. In 1955 a confer-
ence on abortion, sponsored by the
Planned Parenthood Federation of
America, was held at Arden House in
Harriman, N.Y., and at the New York
Academy of Medicine. The participants,
including leading gynecologists, psychi-
atrists, social workers, lawyers and pub-
lic health officials, discussed such topics
as the incidence of abortion, methods
used in illegal abortion, causes of death
due to abortion, the psychiatric and legal
aspects of abortion. A report on the dis-
cussions, together with a concluding
statement which summarizes the facts
and makes recommendations, is given in
this volume. I cannot emphasize too
strongly the value of the material as a
social document.

The primary concern of the confer-
ence was with abortion in the U. S. It is
a shocking picture. One has only to look
at it from the legal side to understand
why.

Of the 49 states, all but six prohibit
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of societies

abortion except when it is necessary “to
preserve the life of the woman.” Six
states permit a therapeutic abortion “to
save the life of the unborn child” (what-
ever this absurd phrase may mean); in
only two states is abortion permitted “to
preserve the health of the woman.” Un-
der the hodgepodge of statutes the phy-
sician’s position is perilous and uncer-
tain. It is not easy in most cases to prove
conclusively that the life of the woman
depends on the abortion; moreover, in
some jurisdictions a physician on trial for
having performed an illegal abortion has
to plead necessity as an affirmative de-
fense, and thus the burden of proof is on
him and not on the prosecution. Power-
ful social disapproval operates further to
narrow the statutory restrictions. Some
hospitals are unwilling to permit use of
their facilities even for abortions sanc-
tioned by law. In many states a woman
with serious heart disease is not entitled
to have her pregnancy interrupted.
Though the child of a woman who in
early pregnancy contracts German
measles has about a 20-per-cent chance
of being born blind, mentally retarded or
otherwise affected, the woman cannot
claim the right to a therapeutic abortion.

The law is not merely, as Mr. Bumble
said, “a ass”; it is much worse, In
the U. S. neither rape nor incest, even
if the victim is a very young girl,
is ground for abortion. Social disgrace
or poverty or any other humanitarian
reason receives no consideration what-
ever. And as regards the extraordi-
nary attitude of the law toward the il-
legitimate child, nothing is more cogent
than the view of Iwan Bloch, expressed
in his famous book The Sexual Life of
Our Time. The State, he said, considers
as sacred the life of the child before it is
born and punishesanyone who interferes
with its preservation, but then considers
the same child a bastard as soon as it is
born and for the rest of its life.

Since it is extremely difficult to ob-
tain a “therapeutic abortion,” the illegal
practice flourishes. When people want
something badly enough they will have
it, regardless of the law. The unmarried
pregnant woman has the desperate
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choice of suicide, of bearing and raising

an illegitimate child, or of going to an

abortionist. The married pregnant wom-

an who does not want to bear her child

may be less desperate, but she too is usu-
| ally beset with anxieties and confused as

to what course to follow. One of the par-
| ticipants in the conference, G. Lottrell
Timanus, who for years practised in
Maryland as an abortionist, vividly de-
scribed the plight of the average un-
willing pregnant woman: “She does
not know what to do or where to turn.
There is no place available where she
can air her situation comfortably and
quietly and confidentially. Her only re-
source at present is to go to a local physi-
cian, and, under present standards, he is
afraid even to look at her. He has no
place to send her. He has no recom-
mendations to make to her. So, conse-
quently, she goes to an abortionist.” And
that, as Ashley Montagu says in his in-
troduction to this volume, “is how our
society deals with the problem of abor-
tion in its most elementary form.” It
abandons to the abortionist the woman
in her greatest need.

The statistics of illegal abortion are,
as I have said, not easy to assemble. But
consider one or two bits and pieces of
relevant data. The late Alfred Kinsey
told the conference that of some 5,000
women in the sample interviewed by his
Institute, 10 per cent of those married
had had induced abortions by 20 years
of age; 22 per cent had had at least one
induced abortion by 45 years of age;
more than 90 per cent of the single
women who got pregnant had under-
gone abortion. And among all the single
white females in the Kinsey sample who
had had sexual intercourse, 20 per cent
had had abortions. The significance of
these figures can be judged by examin-
ing a single pertinent record of New
York City’s Board of Health, which
shows a ratio of well under five thera-
peutic abortions per 1,000 live births.
No less interesting is the information
| provided by Dr. Timanus. In 20 years

of practice in Baltimore he alone per-
| formed 5,210 abortions, all but a tiny
[ fraction of them illegal. He kept careful
| records of his cases, and the compilations
i of their various features are given in this
| report. (Timanus is now retired, having
fallen into disagreement with the law.
In this connection he made an observa-
tion which epitomizes the hypocrisy of
the medical profession’s stand on abor-
tion. In the 20-year period during which
he had operated as an abortionist, he
had served 353 doctors; yet of this en-
tire group of estimable men, not one was
| willing to come forward and testify for
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him, or even to admit that he had sent
Timanus a single patient.) Many other
personal estimates of illegal abortions
were given by individual participants in
the conference. The statistics committee
did not feel that these furnished the
basis for an exact figure for the total
population; however, the members were
prepared to subscribe to a range of
“plausible estimates,” from a minimum
of 200,000 to a maximum of 1,200,000
abortions per year in the U. S. Even
accepting the lower figure, the conse-
quences of illegal abortion are appalling:
incalculable human suffering and mis-
ery, illness and death, heavy economic
loss, the corruption of social and ethical
standards.

What is to be done? Knowledgeable
persons with a humane outlook are pre-
pared to act but find it hard to agree on
a program. Speakers at the conference
presented evidence of the magnitude of
the abortion practice in the U. S., dis-
cussed its causes and made plain its
tragic effects. Yet in the final session on
conclusions and recommendations there
was a tendency to split hairs, to argue
over false issues and irrelevancies and
to gloss over essential questions. The
participants recognized that they were
dealing with an explosive problem and
that it was as difficult to draft specific
reforms as it would be risky to advocate
them. The cake of social custom has a
hard crust; prejudices die hard. More-
over, as several speakers pointed out,
since the Catholic Church is opposed to
abortion on any ground, it was safe to
anticipate vehement criticism of any
recommendations for modifying existing
abortion statutes which the conference
might adopt. A statement of conclusions
was finally prepared, which more than
three quarters of the participants signed;
they were careful to state, however, that
their signatures represented personal
agreement and in no sense committed
the hospitals, universities, health boards
or other organizations with which they
were connected. The statement deserves
close attention.

Present laws and mores, the signato-
ries firmly assert, have failed entirely to
control illegal abortion. “Rather this has
continued to an extent ignored or, per-
haps, condoned by a large proportion of
the general public and even of the medi-
cal and legal professions.” Since one
cannot legislate the practice out of ex-
istence, it is folly to keep on the books
laws which do not receive public sanc-
tion and observance. The constitutional
amendment that prohibited liquor is an
example of an unpopular and unenforce-
able law which led to evils vastly greater
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Accounts from notes, journals, correspondence with great
scientists, and the Autobiography reveal how Darwin
achieved great discoveries. 365pp. Paperbd. $1.65

Y449-50. STUDIES ON STRUCTURE & DEVELOP-
MENT OF VERTEBRATES, E. S. Goodrich. Unabridged
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Kach of the 120 sections is further divided into sub-
sections. The section on classical algebra, for example, is
broken down into introductory texts, matrices, determi-
nants, special matrices and determinants, special alge-
bras, linear forms, characteristic values, elementary
divisors, etc. Other articles are divided with equal perti-
nence.

Lndergraduate and graduate students, researchers, and
even the most advanced scholars will find this book one
of the half-dozen most useful reference works on their
shelves. It will unify the contents of libraries that do
not have detailed classification systems, and will save you
hundreds of hours of searching. It will save you money
in finding what you want to find, and it will increase
your efficiency.

Second, revised, enlarged edition. 5,500 entries. Com-
plete name and subject indexes. 454pp.
Y447 Paperbound $2.49

Y394. FADS & FALLACIES IN THE NAME OF
SCIENCE, Martin Gardner. Standard coverage of fads,
cults, eccentric theory, in science; Atlantis, general se-
mantics, Reich & orgone energy, dianetics, medical fal-
lacies. Informative, most entertaining reading. 384 pp.

Paperbd. $1.50
Y465. HOAXES, C. MacDougall. Professor of Journalism
at Northwestern covers 350 hoaxes in science, art, journal-
ism, history, etc. Delightful reading, full of mfﬂrmauon
2nd’ revised edition. 347pp. 23 illustrations.

Paperbd. $1.75
Y367. 101 PUZZLES IN THOUGHT & LOGIC, C.
Wylie. No special knowledge required, no math; only
ability to reason clearly. 128 pp. Solutions.

Paperbd. $1.00
Y198. MATHEMATICAL PUZZLES FOR BEGINNERS
& ENTHUSIASTS, G. Mott-Smith. 188 puzzles in in-
ference, algebra, plane figures, permutations, etc. Solu-
tions. 248 pp. Paperbd. $1.00
Y295. HOW TO CALCULATE QUICKLY, H. Sticker.
T'ried, true method for developing number sense; not
tricks, but 9,000 exercises, answers teaching technique
not taught in schools. 256pD. Paperbd. $1.00
Y473. AMUSEMENTS IN MATHEMATICS, H. Dude-
ney. More than 350 puzzles in all aspects of recreational
math, both easy & advanced. One of largest collections
ever printed. Solutions. 258pp. Paperbd. $1.25
Y474. CANTERBURY PUZZLES, H. Dudeney. Chaucer’s
pilgrims set each other puzzle stories. Other puzzles in
story form. Mostly mathematical. Solutions. 250pp.

Paperbd. $1.25
Y350. MATHEMATICAL EXCURSIONS, H. Merrill.
Insights into bypaths of elementary math not generally
known. 90 problems, solutions. 145pp. Paperbd. $1.00
Y97. CRYPTANALYSIS, H. F. Gaines. Best elementary
and intermediate text for reader seriously interested in
solving cryptograms, ciphers. Charts of frequencies, etc.
167 ciphers, solutions. 236pp. . Paperbd. $1.95
Y384. HOUDINI ON MAGIC, greatest magician explains
escapes, picking locks, stage magic, passing through brick
wall, etc. Also account of battles with mediums, 155 fig-
ures, photos. 295pp. Paperbd. $1.25
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LOW TEMPERATURE PHYSICS AND CHEMISTRY:

Proceedings of the Fifth International Conference
Edited by Joseph R. Dillinger

The one hundred and ninety-eight con-
tributed papers and the twenty-seven
invited papers contained in this volume
were presented at the Fifth Interna-
tional Conference on Low Temperature
Physics and Chemistry held at the Uni-
versity of Wisconsin from August 26
to 31, 1957. These papers deal with cur-
rent experimental and theoretical re-
search involving studies of the proper-
ties of matter at temperatures near ab-
solute zero.

672 pages $6.00

BIOLOGICAL and BIOCHEMICAL BASES of
BEHAVIOR
Edited by Harry F. Harlow
and Clinton N. Woolsey

Contained in this volume are the papers
presented at the Symposium on Inter-
disciplinary Research, held at the Uni-
versity of Wisconsin. The purpose of
the symposium was to correlate studies
in progress in the fields of anatomy,
physiology, biochemistry, and behavior
involving the research of numerous
laboratories. This collection represents
a significant step forward in the growth
of interdisciplinary research.
496 pages

THE UNIVERSITY OF WISCONSIN PRESS

430 Sterling Court Madison 6, Wisconsin

$8.00

COMMUNICATION
ORGANIZATION
and SCIENCE

by Jerome Rothstein $3.50

Dr. Percy W. Bridgman, Higgins University
Professor, Lyman Laboratory of Physics,
Harvard, and NOBEL PRIZE WINNER, says
of Communication, Organization, and Science :
“I was fascinated by this brilliant exposition
.. . No one who believes that the most im-
portant task of the human race at the present
time is to acquire a better understanding of
the nature of mind and thought will be willing
to miss this book.”

OTHER COMMENTS:

''. .. provocative . . .

of great value . . . **

“The foreword is distinguished by a new
and brilliant approach (p. xxxix etc.) to Dio-
phantine equations, relating them to periodic
functions through a very fruitful kinematic
viewpoint, incidentally resulting in a new
method for numerical solutions, of which ex-
amples are furnished. There is provided a
fertile discussion and physical interpretation
of the original idea of imaginary entropy (p.
Ixxx-Ixxxi), as the operational link between
positive and negative entropy. Thirdly, there
is a new and concrete interpretation (p. lxix)
of the nebular red shift, In terms of the con-
cepts of elastic hysteresis and frictional at-
tenuation of a wave. By the law of parsimony
of hypotheses alone, this suggestion appears
to have greater certainty of verifiability and
to possess more credibility than the ad hoc
assumption of an unexplainably expanding
universe.”

FALCON'S WING  PRESS

Indian Hills, Colorado
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| than those it was designed to meet. The
signatories make a striking comparison
between the high incidence of abortion
as a disease of society and the high in-
cidence of venereal disease three dec-
ades ago. Both involve health, mores and
morals; both are problems in epidemi-
ologv. Until recently the venereal-dis-
ease problem was kept in the cupboard;
prejudice and prudery barred bringing
it into the open. Then at last physicians
and public health agencies decided to
smash the barriers and ventilate the
problem. This led to salutary controls
even before antibiotics finally broke the
back of venereal disease. The majority
of those attending the conference felt
that “the same tvpe of frontal assault
should now be made on the problem of
intentional abortion.”

The motives for abortion, the report
emphasizes, are often complex. Ill health
may play a part, but more usually “poor
social and economic environment, dis-
turbed marital relations, psychiatric or
neurotic disturbance within the family,

quite simply, a need to keep her
family at its present size” induce a
woman to seek this wav out. Abortion
is always a damaging experience, the
conferees declare, and while it meets an
immediate crisis it frequently does not
solve the basic difficulties that created
the crisis. To recognize this fact is to
recognize that the vast number of illegal
abortions each vear is many times the
number consistent with sound medical
or social practice. But to reduce the
number is a goal not to be achieved
within the framework of present atti-
tudes and laws. Abortion must therefore
receive the attention not only of profes-
sionals and specialists in medicine, so-
ciology, psvchology, education, religion
and law, but also of all responsible citi-
zens.

Several remedial measures are recom-
mended.

First, medical, psychological and so-
cial studies of women seeking abortion
are needed to furnish reliable informa-
tion on background, motivation, mecha-
nism and results. More must be known
about the problem before it can be dealt
| with intelligently.

Second, consultation centers for wom-
en seeking abortion should be set up.
These would operate under joint medi-
cal and social auspices and, if possible,
through sponsorship of state health and
welfare departments. Models for such
centers are to be found in the Scandina-
vian countries. Clinics in Norway, Den-
mark and Sweden give instruction on the
use of contraceptives to anyone who asks
| for it, regardless of economic or marital
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status. They provide facilities for sex
education, and furnish advice on abor-
tion. An enlightened and realistic out-
look informs these programs. Bard
Brekke, a Norwegian public health offi-
cial participating in the conference, gave
an excellent account of the basic prin-
ciples that guide the maternal health
centers. “We believe,” he said, “that
when a woman wants an abortion, there
must be something wrong either with
herself or with her life situation or both,
and that frequently she represents not
an individual medical and social prob-
lem only, but that of a whole family in
need of some social or sociomedical
treatment.” Sometimes an abortion must
be part of a “total treatment plan” of
social, psvchiatric and medical services,
and then the center recommends it. But
the attempt is always made to correct
the underlving situation and to help the
woman and her family without 1(3501tm<T
to abortion. “In not a few cases,” D1.
Brekke added, “we have found it possi-
ble to do what we would like to call
rehabilitative or reconstructive socio-
medical work, but in many cases these
women and their families represent
chronic social disease; they are in need
of continuous social and psvchiatric care
and, as in other forms of chronic disease,
these records can rarely be closed.”

The third measure is to extend, under
medical supervision, the practice of giv-
ing free advice on contraception. There
is admittedly little evidence to support
the claim that increased availability of
contraceptive services will reduce the
illegal abortion rate. But until depend-
able statistics can decide the question
there is every reason to adopt and act on
the assumption that such services will
help. Under present circumstances there
is a lamentable inequality of access to
contraceptive information. “The law in
its majestic equalitv,” Anatole France
once reminded us, “forbids the rich as
well as the poor to sleep under bridges,
to beg in the streets, and to steal bread.”
But even in the U. S. there are disad-
vantages to being poor. In most com-
munities contraceptive information can
be obtained only through a private phyv-
sician. Hospitals serving the lower in-
come groups do not furnish routine
contraceptive facilities. One has to pav
to get what one needs; moreover, one
has to know what one needs. It was
noted at the conference that among the
uneducated it is still not rare to find wom-
en who do not connect pregnancy with
sexual intercourse. It is not surprising,
therefore, that there are many women
who know nothing about contraceptives.
Free clinics and a vigorous education



program are essential if this approach to
illegal abortion is to make any headway.

The same inequality marks the avail-
ability of legal abortions. Reports made
at the conference show a much higher
therapeutic abortion rate in private than
in voluntary hospitals, and similar differ-
ences are reported for private and ward
patients in the same hospital. There are
more illegal-abortion deaths among poor
people than among those better off; more
abortion deaths among Negroes than
among whites. A participant observed
that “the difference between an illegal
and a therapeutic abortion is $300 and
knowing the right person.” This remark
is wildly wrong only in respect to the
sum mentioned. In most cities it costs
more these days to get an abortion.

The one formidable obstacle to re-
form is, of course, the law itself. Existing
statutes are so fanatically narrow and
backward that the only possible way to
live with them is to break them. If they
are interpreted in their plain meaning,
there is almost no justification for thera-
peutic abortion, for with improvements
in modern medicine it rarely becomes
necessary to perform an abortion to save
life. From 1951 to 1953, 37.8 per cent
of all therapeutic abortions in New York
City were based on “psychiatric indica-
tions.” This means that in each of these
642 cases psychiatrists certified that
abortion was necessary to save the
woman’s life, i.e., to prevent suicide.
Obviously this is nonsense. In most in-
stances the certifying psychiatrist knew
that he was in a position to predict sui-
cide, yet he knew also that it was dan-
gerous to force a child upon a woman
suffering from serious mental illness. The
crime then, if there was one, was the
legislators’, not his.

In their final recommendation the sig-

STOP SAYING

natories urged that authoritative bodies |

such as the National Conference of Com-
missioners on Uniform State Laws, the
American Law Institute and the Coun-
cil of State Governments should frame a
model law to replace existing statutes.
Again it is to the Scandinavian countries
that one must turn for instruction on
sensible abortion laws. The statute
adopted by the Swedish Parliament ac-
cepts “humanitarian” and “eugenic” as
well as medical indications for the law-
ful interruption of pregnancy. The weak,
worn-out or exhausted mother who can-
not take another child without serious
consequences to herself and her family
can get relief. A pregnant girl under 15
years of age, a victim of rape, incest or
other criminal coercion, a mental defec-
tive—each of these is considered entitled
to a legal abortion. The eugenic indica-

THAT TRAVEL
IS TOO EXPENSIVE

’Round the World
on a Shoestring

If you know the seldom-advertised ways of
reaching foreign countries, you don’'t need
fantastic sums of money in order to travel.
You could spend $500-$1000 on a one-way
luxury steamer to Buenos Aires—but do you
know you can travel all the way to Argentina
through colorful Mexico, the Andes, Peru,
etc. by bus and rail for just $132 in fares?

You can spend $5000 on a luxury cruise
around the world. But do you know you can
travel around the world via deluxe freighter
for only a fourth the cost and that there are
almost a dozen other round the world rout-
ings for under $1000?

There are two ways to travel—like a tour-
ist, who spends a lot, or like a traveler, who
knows all the ways to reach his destination
cconomically, comfortably, and while seeing
the most.

Norman Ford’s big new guide, How to Travel
Without Being Rich, gives you the traveler’s
picture of the world, showing you the lower
cost, comfortable ways to practically any part
of the world. Page after page reveals the ship,
rail, bus, airplane and other routings that save
you money and open the world to you.

What do you want to do? Explore the West
Indies? This is the guide that tells you how
to see them like an old time resident who knows
all the tricks of how to make one dollar do the
work of two. Visit Mexico? This is the guide
that tells you the low cost ways of reaching the
sights (how 56¢ takes you via 8-passenger auto-
mobile as far as those not-in-the-know pay $5.60
to reach). Roam around South America? Eu-
rope ? Any other part of the world ? This is the
guide that tells you where and how to go at
prices you can really afford.

If you've ever wanted to travel, prove now,
once and for all, that travel is within your reach.
Send now for How to Travel Without Being
Rich. 1t's a big book, with over 75,000 words,
filled with facts, prices and routings, and it’s
yours for only $1.50. Even one little hint can
save you this sum several times over.

FREIGHTERS

are the secret
of low cost travel

Yes, for no more than you'd spend at a re-
sort you can take a never-to-be-forgotten
cruise to Rio and Buenos Aires. Or through
the Canal to either New York or Cali-
fornia. Or to the West Indies or along the
St. Lawrence River to French Canada. In
fact, trips to almost everywhere are within
your means.

And what accommodations you get: large
rooms with beds (not bunks), probably a
private bath, lots of good food and plenty of
relaxation as you speed from port to port.

Depending upon how fast you want to go,
a round the world cruise can be yours for as
little as $250-$300 a month. And there are
shorter trips. Fast, uncrowded voyages to
England, France, the Mediterranean: two or
three week vacations up and down the Pacific
Coast or elsewhere. Name the port and the
chances are you can find it listed in “Travel
Routes Around the World.” This is the book
that names the lines, tells where they go,
how much they charge, briefly describes ac-
commodations. Hundreds of thousands of
travelers all over the world swear by it.
Travel editors and travel writers say “To
learn how to travel for as little as you'd spend
at a resort get ‘Travel Routes Around the
World.” ”

It’s yours for just $1, and the big new 131-
page edition includes practically every pas-
senger carrying service starting from or going
to New York, Canada, New Orleans, the Pa-
cific Coast, Mexico, South America, England,
France, the Mediterranean, Africa, the Indies,
Australia, the South Seas, Japan, Hawaii, etc.
There’s a whole section called How to See
the World at Low Cost, which tells you all about
low cost foreign freighters.

A big $1 worth, especially as it can open
the way to more travel than you ever thought
possible. For your copy, simply fill out coupon.

Bargain Paradises of the World

Do you know where to find an island right near the U. S. so nearly like Tahiti in appearance,
beauty, and color even the natives say it was made from a rainbow ? (And that costs here are so
low you can not only reach it but also stay a while for hardly more than you’d spend at a resort in

the U.S.?)

Do you know where to find the world’s best mountain hideaways or its most dazzling surf-washed
coastal resorts, where even today you can live for a song?

Do you know where it costs less to spend a while, the surroundings are pleasant, and the climate
well nigh perfect in such places as Mexico, the West Indies, Peru, France, along the Mediterranean,

and in the world’s other low cost wonderlands?

Or if you've thought of more distant places, do you know which of the South Sea Islands are as
unspoiled today as in Conrad’s.day? Or which is the one spot world travelers call the most beautiful
place on earth, where two can live in sheer luxury, with a retinue of servants, for only $175a month ?

Bargain Paradises of the World, a big book with
about 100 photos and 4 maps, proves that if you can
afford a vacation in the U. 8., the rest of the world
is closer than you think. Authors Norman D. Ford
and William Redgrave, honorary vice presidents of
the British Globe Trotters Club, show that the
American dollar is respected all over the world and
buys a lot more than you’d give it credit for.

Yes, if you’re planning to retire, this book shows
that you can live for months on end in the world’s
wonderlands for hardly more than you’d spend for
a few months at home. Or if you’ve dreamed of
taking time out for a real rest, this book shows how
you can afford it.

In any case, when it can cost as little as $24.50
from the U. S. border to reach some of the world’s
Bargain Paradises, it’s time you learned how much
you can do on the money you’ve got. Send now for
Bargain Paradises of the World. Price $1.50. Use

| coupon to order.
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University of California
EXTENSION

announces

A TELEVISION

CORRESPONDENCE
COURSE

° .
ATOMIC AND /078
NUCLEAR '/ }

PHYSICS \
Coordinated with the NBC-TV series

“Continental Classroom” beginning
February 11, 1959.

* COURSE DESCRIPTION: Electronic struc-
ture of atoms, radioactivity, nuclear struc-
ture, accelerators, piles and detectors

* PREREQUISITE: A non-laboratory course
in beginning college physics

* CREDIT: 3 units upon satisfactory com-
pletion of 15 assighments and a final ex-
amination

* NON-CREDIT: Course syllabus available
for purchase by individuals and organi-
zations

* TIME OF TELECAST: Monday through
Friday, from Feb. 11 through June 5.
(For hour, check your local NBC-TV

station)
* FEE: $25 in-state; $30 out-of-state
* FOR FURTHER INFORMATION WRITE:

Correspondence Instruction, Dept. 25
University Extension
University of California
Berkeley 4, California

ELECTRONICS |
MANAGER

FOR
Research Division

Executive scientist to assume tech-
nical and administrative responsibil-
ity for electronics and ultrasonics
research of new facility at Quehan-
na, Pennsylvania (40 miles north of
State College).

Department is engaged in research
and development relating to aircraft
and industrial instrumentation, air
traffic control and computer devices.
Executive will be expected to expand
current programs and initiate new
research. Salary open, liberal exec-
utive benefits.

Complete and detailed resume |
should be sent to: T. W. Cozine, |
Mgr., Executive & Technical Place-
ment, Curtiss-Wright Corporation,
Dept. RD-57, Wood-Ridge, N. J.

All resumes and contracts will be ||
held in complete confidence.

CURTISS-WRIGHT=

CORPORATION e WOOD-RIDGE, N. J.
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tion applies when it seems probable that
the mother or father of the expected child
would transmit to the offspring a heredi-
tary mental disease or deficiency or a
serious illness or physical defect. In such
cases sterilization is usually required to
accompany the interruption of pregnan-
cy. And in 1946 Sweden added a para-
graph to the law in which an indication
of a “sociomedical nature” was estab-
lished. According to this provision, abor-
tion should be granted when, taking into
consideration “the conditions of life of
the woman, and other circumstances,” it
is fair to infer that her physical or men-
tal strength would be damaged by the
birth and care of the child.

It must not be supposed that this en-
lightened law is administered loosely. A
committee of the Royal Medical Board
exercises strict supervision. Members of
the committee are a physician, a layman
(usually a woman) and the Chief of the
Bureau of Social Psychiatry. A geneti-
cist joins the committee when cases of
eugenic indications are to be decided.
The applicant is never seen in person;
written material and other evidence are
the bases for the findings. The effect of
the law has been greatly to increase
during the last 15 years the number of
legally induced abortions; the present

| rate seems to be about five per 100 term

deliveries. Compare this with a rate of
about five therapeutic abortions per
1,000 live births in New York City. The
difference between these rates is a meas-
ure of the difference between the rate
of illegal abortion in the U. S. and in
Sweden.

Short Reviews

A History oF Macic aND EXPERI-
+ & MENTAL SciEnce: THE SEVEN-
TEENTH CENTURY, by Lynn Thorndike.
Columbia University Press ($20). Lynn
Thorndike, authority on the Middle
Ages and pioneer historian of science,
published the first volume of his great
scholarly work, Magic and Experimental
Science, in 1923. The seventh and eighth
volumes, on the 17th century, now bring
to completion this history upon which
he began to labor more than 50 years
ago. The 17th was the century of Kepler
and Galileo, of Francis Bacon, Harvey,
Leibniz, Descartes, Huygens, Boyle and
Newton. The age of science had begun.
Yet this great upsurge of the experimen-
tal method and rational theory did not
sweep away the belief in magic and the
occult. Astrology and alchemy continued
to flourish and to color the outlook of
some of the foremost figures of the revo-
lution in ideas. Nature was personified
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and regarded in a way favorable to
magic by scientists of the caliber of
Galileo, Harvey, Leibniz and Newton.
The witcheraft delusion prevailed;
thoughtful men still believed in demons,
souls, cabala, number lore, oracles, sib-
yls, augurs, dreams, fortune and destiny;
superstitions of every kind were cher-
ished and encouraged. As Thorndike
observes, while in the case of experi-
mental science “there may be disagree-
ment as to by whom first the new was
tried, in the case of magic, at least in
the 17th century, the question is rather
who was the last to lay the old aside.”
Thorndike follows the plan of the earlier
volumes: the treatment is partly by men,
partly by subjects, now topical and now
chronological. The examples are extraor-
dinarily varied, and present a vivid pic-
ture of the science and pseudo-science
of the century. In addition to discussing
the well-known men, he sets forth the
views and achievements of many of their
contemporaries. Aguillon of Brussels,
who published a work on optics, related
that, on one occasion when he was
asleep, his natural spirits were so kindled
that he would have burst into flame had
he not waked up just in time. Giuseppe
Biancani, who had some sensible ideas
about astronomy (e.g., that comets may
return), also devoted a good deal of
thought to the problem of how far a stone
would fall if dropped into a hole run-
ning through the center of the earth to
its opposite side. The Jesuit Cabeo, who
rejected Galileo’s explanation of tides
and correctly attributed them to the
moon, incorrectly explained them on the
basis of the moon’s peculiar virtue of “ex-
citing sulphurous and ‘salnitrous’ spir-
its from the bottom of the sea.” Daniel
Sennert of Breslau, a physician and
chemist so respected that the Italian in-
telligentsia were said to doff their hats
at the mere mention of his name, had a
world view which was a remarkable mix-
ture of scientific insight (e.g., that a
vacuum was possible, that objects set in
motion would remain in motion unless
impeded, that the movement of light
was not instantaneous) and occult rub-
bish (e.g., that a peony root hung
around the neck averted epilepsy, that
animals similar to small puppies were
generated from the foam of mad dogs,
that a magnet works by spiritual (uali-
ties). Sir Kenelm Digby concocted a
famous “sympathetic powder” which
healed wounds as far away as 1,000
miles. Athanasius Kircher wrote a huge,
barren, rhapsodical work on the subter-
ranean world “whence all the chief rivers
flow through occult channels.” These
men impeded the growth of science but
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If it has been some time since your mind was stretched by a new
idea, the publication of the Great Books described below will be
interesting and important to you.

¥

PRIVATE

of the GREAT BOOKS. Send now for the
free booklet which describes this hand-
some edition in detail. Look it over
. . . think it over. But don’t wait to
mail in the coupon below. The supply
of these booklets is necessarily limited.
Avoid the chance of disappointment
by mailing your coupon now!

f———————— e —————— ]
TOPICON is quite literally a | |
great teacher "living” in | MAIL THIS COUPON TODAY FOR FREE BOOKLET |
your home . . . always at | |
your disposal to guide | GREAT BOOKS OF THE WESTERN WORLD |
your reading...interpret | DEPT. 42-C, 425 N. Michigan Avenue |
the great ideas...make | Chicago W, lllinois |
Please send me, free and without obligation
CIeur“)yo? the most abstract I your handsome booklet which pictures and ]
thought. With the SYNTOPICON I describes the revolutionary SYNTOPICON and |
you will find new excitement | the GREAT BOOKS in full detail. Also, include
K . complete information on how I may obtain |
in new ideas...new ab- | this magnificent set, direct from the publisher, |
sorbing inferests . . . new un- | on your special budget plan. i
derstanding of yourself and | |
Name
other people. ) | (olease prinD) |
We urge you not to miss | Address ]
this opportunity to en- | |
rich your mind with this | city . Zone State 1
Private Library Edition __ __ __ __ __ __ __ __ __ __ __ __ -
|55
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BOOKS ror 7HE
ADULT MIND

A limited number of these books, published as
college texts, are available to graduates who
wish to keep informed on subjects currently
being taught in leading colleges. These books
offer the equivalent of post-graduate studies
for the adult mind.

Daling ‘
/'
anrd e/MI/IM'aye

by Bernard, Buchanan and Smith: (Penn
State). A daring book, edited on a documen-
tary-case approach. The human mind is deeply
explored in the formation of opinions on be-
havior, social activities, sex attraction, and
personal goals and growth. A valuable treatise
for every parent of teen age children. Ade-
quately covers the challenges the family must
meet today; family relations; student mar-
riages; religious differences; money; women
as wives today; men as husbands today; meet-
ing family crises. 388 pp. text, postpaid $4.75.

THE SKILLS OF THE ECONOMIST

Kenneth Boulding (Univ. of Michigan). A
brilliant essay on the contribution of economics
to the culture of today. The sociologist, the
biologist and the politician will be delighted
and perhaps dismayed by the author’s forays
into the sciences—biological, physical and
social. 189 pp. $3.50.

Make all checks payable to

HOWARD ALLEN, INC.
Text Book Publishers
P. O. Box 1810 University Center Station
Cleveland 6, Ohio

sStudy at home
with the

UNIVERSITY
of CEIICAGO

Curious? Share the resources of the Uni-
versity, AT HOME, to satisfy your intel-
lectual curiosity . . . whatever its direction:
the mysteries of report-writing or of human
behavior, statistics or the calculus, Toyn-
bee's philosophy or your adolescent off-
spring.

For the mature mind ... if you're over
25, use your leisure creativity for a life-long
investment in intellectual self-improvement,
through our unique Home-Study curriculum
FOR ADULTS—150 courses in Mathematics
and Statistics, Psychology and Human Re-
lations, Creative Writing, Education, Li-

brary Science, Archeology, Semantics,
Pharmacology, Great Books, and other
fields.

Individual instruction... enjoy a
conversation-by-mail with a University in-
structor. NO DEGREE REQUIREMENTS . . .
begin at any time . . . study at your con-
venience, AT HOME. Earn academic credit,
too. For full information, write for the
Home-Study ANNOUNCEMENTS; no obli-
gation, of course.

EEEL TheHome-StudyDept.
UNIVERSITY of CHICAGO
Box SA-19 Chicago 37, lll.

|
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| pletely justifies its obesity. It contains an

at the samne time—little by little and |
often despite themselves—promoted it.
A few of the other topics to which
Thorndike gives attention are chemical '|
courses and manuals, academies and
scientific societies, popular science,
physiognomy and divination. An indis-
pensable source and the perfect book for
dipping and browsing.

RICHARD HakvruyrT, VOYAGES. AND

DocuMeNTs, selected by Janet
Hampden. Oxford University Press
($2.50). This appetizing, chunky little
book in the Oxford World’s Classics se-
ries selects material from Hakluyt’s
famous 12-volume collection The Prin-
cipal Navigations, Voyages, Traffiques
and Discoveries of the English Nation.
Among the contents, usually first-hand
accounts, are the defeat of the Spanish
Armada, Drake’s voyage around the
world, Sebastian Cabot’s voyage to
North America in 1497, Sir James Lan-
caster’s expedition to the East Indies
(1591-1594), voyages to Brazil, to the
Levant and to West Africa, Sir Hugh
Willoughby’s expedition to Russia, An-
thony Jenkinson’s overland journey to
Persia, the great feats of William and
John Hawkins, of Frobisher, Gilbert,
Davis, Raleigh and Grenville.

HE Dawn oF EuropeaN CIviLiza- |

TION, by V. Gordon Childe. Alfred A.
Knopf ($7.50). This classic survey of
European prehistory by the late V. Gor-
don Childe was first published in 1925. |
Excavations and investigations during
the next 20 years produced many new
facts, thereby not only changing but also
complicating the picture. Further re-
searches after the war, together with
dates provided by the radiocarbon
method, clarified some problems and
raised others. Altogether these advances
demanded a drastic revision of the text,
which now appears in its sixth edition,
incorporating, among other things, the
results of finds from Eastern Europe
which Childe had the opportunity to
study at first hand. An enthralling and
masterly book.

IﬁiANDBOOK oF Puysics, edited by

E. U. Condon and Hugh Odishaw.
McGraw-Hill Book Company, Inc.
($25). This fat, unwieldy tome—1,504
large, double-column pages of small
(but perfectly readable) type—com-

excellent survey, prepared by a staff of
some 80 specialists, of the principles,
ideas, concepts and advanced mathe-
matical methods of all branches of classi-
cal and modern physics. The literature
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AN INVITATION
TO JOIN ORO

Pioneer In
Operations Research

Operations Research is a young
science, earning recognition rapidly
as a significant aid to decision-mak-
ing. It employs the services of
mathematicians, physicists, econo-
mists, engineers, political scientists,
psychologists, and others working
on teams to synthesize all phases of
a problem.

At ORO, a civilian and non-
governmental organization, you
will become one of a team assigned
to vital military problems in the
area of tactics, strategy, logistics,
weapons systems analysis and
communications.

No other Operations Research
organization has the broad expe-
rience of ORO. Founded in 1948 by
Dr. Ellis A. Johnson, pioneer of
U. S. Opsearch, ORO’s research
findings have influenced decision-
making on the highest military
levels.

ORO’s professional atmosphere
encourages those with initiative and
imagination to broaden their scien-
tific capabilities. For example, staff
members are taught to “‘program’
their own material for the Univac
computer so that they can use its
services at any time they so desire.

ORO starting salaries are com-
petitive with those of industry and
other private research organiza-
tions. Promotions are based solely
on merit. The “fringe” benefits
offered are ahead of those given
by many companies.

The cultural and historical fea-
tures which attract visitors to
Washington, D. C. are but a short
drive from the pleasant Bethesda
suburb in which ORO is located.
Attractive homes and apartments
are within walking distance and
readily available in all price ranges.
Schools are excellent.

Forfurther information write:
Professional Appointments

OPERATIONS RESEARGH
OFFIGE [2re]

The Johns Hopkins University

6935 ARLINGTON ROAD
BETHESDA 14, MARYLAND




of physics is immense and keeps grow-
ing at an accelerating rate. It has there-
fore become almost impossible for a
physicist to know physics; he has a hard
enough time exploring his own little
corner. Yet it is often the case that ad-
vances and fresh perspectives in one
branch of the subject depend upon the
use of knowledge won in another
branch: the unity of science is a fact as
well as an ideal. This intelligently
planned and skillfully executed compen-
dium recognizes the physicist’s dilemma
and tries to help him surmount it. The
thermodynamicist can get answers to his
questions about optics, the student of
mechanics can look up material on spec-
troscopy, the nuclear physicist can re-
fresh his memory on probability or the
tensor calculus or acoustics or rheology
or the energy-band theory of solids.
When one reads through a chapter on a
given topic, one can either find what one
is looking for, or learn where to find it.
No handbook can do more, and this one
does its job admirably. The nine parts
of the book deal with mathematics, the
mechanics of particles and of rigid
bodies, the mechanics of deformable
bodies, with electricity and magnetism,
heat and thermodynamics, optics, atom-
ic physics, the solid state, nuclear phys-
ics. The exposition is generally succinct
and clear; some of the articles—for exam-
ple, C. Lanczos’s account of the tensor
calculus—are masterful, and the 17 chap-
ters on diverse subjects contributed by
the senior éditor are not only models of
lucidity, but are proof that even a mod-
ern physicist does not have to remain

cribbed in his specialty.

BIOLOGICAL AspEcTts OF CANCER, by

Julian Huxley. Harcourt, Brace and
Company ($3.75). This is the kind of
synthesis Huxley does supremely well.
It is an expanded version of his Alfred
P. Sloan lecture in which he surveyed
present knowledge of cancer from the
biologist’s point of view. In preparing
the lecture he reviewed a substantial
literature, came across many unfamiliar
facts and was stimulated as an outsider
to a number of fresh ideas. He discusses
the concept of the disease (the term can-
cer, he says, is “a convenient label or
pigeonhole for a number of pathological
tissue conditions exhibiting certain com-
mon characteristics, but all unique in
certain other respects”), its many causes,
the comparative distribution of cancers
in plants and animals, the genetics of
tumors, cancer-producing viruses, evo-
lutionary and developmental questions,
the prevention of cancer. His essay is
a model of clarity, offering the general

SAVE THE

CHILDREN

FEDERATION

Christos has almost given up hope

Little Christos never has any fun. Life
to this ten year old Greek boy is
drudgery and bitter poverty. And yet,
Christos has a dream . . . some day he
will make life better for himself and
his family. And so he walks many
miles each day to attend third grade in
a small, dark room that passes for a
grammar school. He learns the lives of
venerated men who gave so much to
Greek culture and to the world—
Aristotle, Plato, Socrates—and he
dreams. In the late evening, he returns
home leaving just enough time to do
some errands and study his lessons.
But life is so dark now . . . how long
can he live and nurse his dream and
carry hope in his heart?

Christos’ parents were married just
after the war when everyone hoped for
a better future. Instead, Communist
inspired uprisings spread over the
country. Christos’ father joined the
National Guard and took part in many
battles. When guerilla bands entered
his village they destroyed his house and
burned all his belongings.

Life for Christos’ family began all
over—from nothing. They now live in a
hut with a roof of straw. They own
three pieces of furniture. All must
sleep on straw mats on the cold
earthen floor. Their only property is a

10 - -
Registered with the U. S. State Department Advisory Committee on Voluntary Foreign Aid
“SERVING CHILDREN FOR 27 YEARS”

SAVE THE CHILDREN FEDERATION

Boston Post Rd., Norwalk, Connecticut
Please send me my child’s name, story and picture.

1 want to sponsor a child in West Germany . . . Korea . .. Finland . . . Greece . . . Italy
... France. .. Austria . . . or where the need is greatest ... Enclosed is $10 for 1 month
.. I 'cannot be a sponsor but enclosed is my

gift of §
NAME. ..oovvvrrnnnnnenees
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... 830 for Ist quarter ... $120 for 1 year .

ADDRESS. .. .0iotneterasinotnsnernsrncrcnennes

quarter acre of land which the father
cultivates early in the morning and
after dark. During the daylight hours
he must work on other farmers’ land
for daily wages to buy food.

Christos sees his father’s plight and
thinks.‘“My father struggles for a better
future; I must help him.” At the age
of 10, Christos still has hope.

Save the children and
you save the family

If only someone could extend a hand
to help Christos and his family help
themselves, give them courage for the
future that looks so dark at this
moment. Someone can, and that some-
one is you. A child like Christos be-
comes “your child” through an SCF
Sponsorship and receives food pack-
ages, warm clothing and many other
material benefits in your name. But the
whole family receives the greatest gift
of all—*“hope.” You may correspond
with your child and discover for your-
self what your understanding and
generosity means to a struggling
family. Won’t you please fill in the
coupon now?

SCF National Sponsors include:
Mrs. Dwight D. Eisenhower, Herbert
Hoover, Henry Luce, Norman Rock-
well, Dr. Ralph W. Sockman.

ZONE.......... STATE. . oo viviieenenncnncnnnns

Contributions are Deductible from Income Tax

s

"
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KEY STAFF
OPENINGS
FOR

computer specialists
electronic engineers
physicists
mathematicians

(all senior positions)

Activity includes studies, analysis, synthesis and

creation of concepts for submarine and anti-
submarine computer and fire control systems,
airborne control systems, and spaceborne
guidance and control systems. Advanced degree
or equivalent experience necessary, plus

broad systems experience.

Facility is one of the best staffed, best equipped
computer systems R&D laboratories in

the nation. Ideal suburban Los Angeles location,
Excellent salary, benefits.

Please submit resume to D.P. Gillespie,
Director of Industrial Relations.

THE NATIONAL CASH REGISTER COMPANY
Electronics Division
1401 E. EI Segundo Blvd., Hawthorne, Calif.
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reader as well as the specialist the most
comprehensive and comprehensible in-

troduction to the subject.

A CeENTURY OF DarwiN, edited by
£ X S. A. Barnett. Harvard University
Press ($5.75). The articles in this com-
memorative volume are well above the
usual waffles that contributors resusci-
tate for such occasions. There are good
pieces by C. H. Waddington, Theodosius
Dobzhansky, John Hammond, A. S.

Romer, Gavin de Beer, W. E. Le Gros
Clark, Barnett, C. M. Yonge and others.
The book as a whole offers a remarkable
conspectus not only of the theory of evo-
lution, but also of Darwin’s contributions
to other fields and his influence on social
thought and ethics.

HE TRAVELS OF WILLIAM BARTRAM,

edited by Francis Harper. Yale Uni-
versity Press ($8.50). William Bartram,
a botanist like his father (who estab-
lished the first botanical garden in Amer-
ica, part of which is today preserved in
Philadelphia as a park) published this
famous record of his 18th-century jour-
neys through the Southern colonies in
1791. It is a most enjoyable narrative,
which was for a long time more appre-
ciated abroad than in America, and was
the source of some of Wordsworth’s and
Coleridge’s finest poetic images. “The
Ancient Mariner” and “Kubla Khan” are
among the poems which drew upon the
natural-history scenes that Bartram de-
scribed in a “wondrous kind of flounder-
ing eloquence” (Carlyle’s comment in
a letter to Emerson). But the Travels

is important not only as literature but
also as a scientific account of plants and
animals, of Indian life and villages. The
present edition, an attractive book pre-
pared with loving scholarly care, is by
| far the best to have appeared. It is fully
annotated and indexed, and will prove
especially useful to students of the natu-
ral sciences and to geographers, histori-
ans and anthropologists.

AND OF THE TOLLUND MAN: THE PRE-
HISTORY AND ARCHAEOLOGY OF DEN-
MARK, by Palle Lauring. The Macmillan
Company ($6). An account of the pre-
history and archaeology of Denmark.
This is an exceptionally readable story,
resting securely on the archeological facts
and enriched not only by the author’s
broad knowledge of other fields but also
by his ingenious speculations. Lauring
begins with a brief survey of the geologi-
cal and climatic changes which preceded
the appearance of the first settlers in
Denmark (millions of years ago the re-
gion lay under 3,000 feet of sea), and
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carries his account through the Stone,
Bronze and Iron ages, the great migra-
tions, and the Roman and Germanic Iron
ages. For every period he gives a con-
vincing picture, supported by the ar-
chaeological finds and related informa-
tion, of what life was like: food-gather-
ing, homes, tribal customs, tools, weap-
ons and armor, battle tactics, clothing
and jewelry, religious beliefs and burial
practices, shipbuilding, explorations,
migrations and conquests. Beautifully il-
lustrated, this work by an imaginative
scholar is one of the happiest contribu-
tions to archaeology in some time.

To WoRK IN THE VINEYARD OF SUR-

GERY: THE REMINISCENCES OF ]J.
CorLins WARREN, edited by Edward D.
Churchill. Harvard University Press
($6). The reminiscences of a well-
known Boston surgeon who died in
1927. The sketches of social, scientific
and academic life in 19th-century Amer-
ica and Europe have a mild flavor, but
the descriptions of operations and the
general practice of surgery are grue-
somely fascinating. It is easy to under-
stand from Warren’s account why so
many persons were killed by the sur-
geon’s gleefully barbarous attentions or
were shattered in health for the rest of
their lives; what is hard to understand
is how anyone survived.

Notes

HisTory oF MATHEMATICS, by David
Eugene Smith. Dover Publications, Inc.
($5). A paperback reprint of a well-
known text on the history of elementary
mathematics, from arithmetic through
the first steps of the calculus. Smith’s
book is replete with biographical details
and contains many excellentillustrations.
It is written for students, teachers, and
nonspecialists.

ATomic Paysics AND Human KNowL-
EDGE, by Niels Bohr. John Wiley and
Sons, Inc. ($3.95). A collection of arti-
cles which Bohr wrote for various oc-
casions within the last 25 years. The
central theme is the bearing of modern
atomic physics on the question: What
can we know about the physical world?

RapiaTioNn ProTECTION, by Carl B.
Braestrup and Harold O. Wyckoff.
Charles C. Thomas ($10.50). A sum-
mary of present knowledge of how to
protect against all forms of radiation.

THE EFFECTS OF ATOMIC RADIATION
oN OCEANOGRAPHY AND FIsHERIES. Na-
tional Academy of Sciences—National



A NEW DIMENSION IN COMPUTER TECHNOLOGY

Never has so vast and complex a project been
undertaken in data processing and data com-
munications. Billions of bits to be handled

. information flowing in from hundreds of
electronic sources, processed by digital tech-
niques,; displayed, solutions and commands
issued . . . in precious seconds.

A very short time ago we were a newly created
subsidiary of International Telephone and Tele-
graph Corporation. Today we are a purposeful
engineering management group actively forg-
ing ahead with the myriad problems of our
challenging project.

As systems manager we are charged with the
development and production of a world-wide
electronic control system which will transmit,
process and display information required in

military operations — global, in seconds. This
project demands a wealth of engineering im-
agination. It will result in creation of a wholly
new technology in digital computer science.

If your interests as an engineer lie in elec-
tronic systems engineering, in data processing
and communications, you will find in this pro-
ject unusual opportunity to express imagina-
tion and creative competence, in a degree
surpassing anything previously undertaken in
computer engineering.

To obtain information on engineer
openings write A. J. Crawford, Per-
sonnel Manager. A resume of your
education and experience is essential.
An interview will be arranged at your
convenience.

[1[1 | INTERNATIONAL ELECTRIC CORPORATION
é Route 17 & Garden State Parkway, Paramus, New Jersey

— A Subsidiary of International Telephone and Telegraph Corporation
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INe. 1 of a Serles of Space Age Portraits)
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frustrato
engineerensis

We got this sketch of the new-
est subspecies of homo sapiens
from a fellow who doesn’t look
like this any more. We offered
him a chance to do interesting,
creative work in the missile
and space field, and cured him
of a malady that has struck
too many good engineers.

If you know anyone who has
job problems which make him
kin to the fellow depicted
above, refer him to us. We're
hiring creative people to work
on some truly advanced proj-
ects in the Astrionics field. If
your friend —or you yourself for
that matter — would like to do
important work on advanced
missile programs, drop a con-
fidential note to our Mr. Bill
Ziminski. Bill will be pleased
to send him —or you—more
information on the advantages
of joining our un-frustrated
engineers. If you'd also like a
frameable enlargement of the
sketch above, mention it in
your note, or jot down your
name and address in the mar-
gin of this ad, tear out, and
mail to Astrionics Division,
Fairchild Engine and Airplane
Corp., Wyandanch, L. I., N. Y.

Research Council ($2). This report of a
National Academy Committee deals
with the growing problem of the effects
of fallout and radioactive wastes on the
life of the sea. It is perhaps worth re-
marking that it is no better these days
to be a fish than a man.

Man, THE PECULIAR ANTMAL, by R. J.
Harrison. Penguin Books, Inc. (95
cents). Man contrasted, in respect to the
structure and function of various parts
of his body, with other mammals. This
well-stocked, ably written primer of
anatomy is the latest addition to the in-

| structive Pelican Medical Series.

NorTH SOMERSET AND BristoL, by
Nikolaus  Pevsner. Penguin Books
($1.50). The most recent addition to
Pevsner’s astonishing survey, which gives
details of the architectural featmes of
all ecclesiastical, public and domestic
buildings of interest in each town and

| village of England.

WE, THE Tikop1a, by Raymond Firth.
The Macmillan Company ($7.50). Re-
issue of a 1936 sociological study of kin-
ship in primitive Polynesia, out of print
for many years, regarded as one of the
founding works of modern social anthro-

pology.

BEHAVIOR AND PsycHoLoGICAL MAN:
Essays IN MOTIVATION AND LEARNING,
by Edward Chace Tolman. University of
California Press ($1.95). A collection of
19 essays published over a 35-vear pe-
riod by a leading psychologist. Included
is his well-known “Cognitive Maps in
Rats and Men.” Paperback.

MEASUREMENT AND STATISTICS, by
Virginia L. Senders. Oxford University
Press ($6). A textbook, but so simply
and clearly written, and with such in-
telligent understanding of a beginner’s
dead ends and perplexities, that it de-
serves at least a listing in these columns.

AN INTRODUCTION TO MATHEMATICS,
by Alfred North Whitehead. Oxford
University Press ($1.50). A paperback
reprint of Whitehead’s famous primer.
It is worth remarking that this book in
an attractive cloth-bound edition sells in
England for the equivalent of $1. The
U. S. price defeats the purpose of
paperback.

CHOLESTEROL, by David Kritchevsky.
John Wiley and Sons, Inc. ($9.75). A
guide which gathers together the widely
dispersed literature on the biological
function and significance of cholesterol.
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MASTERMIND
THE COMPUTER
MARKET

WITH
BURROUGHS!

The most stimulating marketing
challenge of tomorrow . .. with
outstanding financial rewards and
personal satisfactions today! This is
the fascinating field of electronic data
processing systems, where dynamic
advances are being made by the
ElectroData Division of Burroughs
Corporation. Here in a Southern
California setting, as well as in other
areas of the country, our creative
staff deals with the marketing
challenge of today’s EDP systems and
gives direction to the electronic
equipment of the future. Sense the
challenge? It can be yours. We have
openings of major responsibility

for people who have grown with the
data processing field—who thoroughly
understand computers and their
application to scientific and

business problems:

Mathematicians, Applied Scientists,
Product Planning and Applications
Analysts, Applied Programmers,

and others who are specialists in this
growing field. For complete details,
contact your local ElectroData district
or regional office —or write to
Professional Personnel Director in
Pasadena, address below.

Burroughs Corporation
ELECTRODATADIVISION
PASADENA,CALIFORNIA

“NEW DIMENSIONS/ in electronics and data processing systems”
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An important part of the reactor
development program is extensive
research to obtain basic data on natural
and forced circulation boiling systems.
Such data is vitally needed in the design of
full-scale central station boiling reactors.
Engineers at Argonne are moving

ahead into the new field of transient

boiling along with its effect on boiling reactor
performance and control at high pressures.
New techniques such as the use of gamma
rays to measure the transient density of steam-
water mixtures are being dev 2loped. The needs in the
reactor field are subject to rapid change and present a
variety of challenges to research engineers. There are many
opportunities at Argonne to work with new ideas, both in
basic research and development.

Staff positions available for qualified

Mathematicians, Physicists, Chemists, Electrical Engineers,
Physical Metallurgists, Chemical Engineers, Technical Writers,
Mechanical Engineers, Metallurgical Engineers

UNDAMPED DAMPED

Steam volume fraction recording during undamped and damped natural circulation

Agonne

ATIONAL LABORATORY
Opersied by the University of Chicago undar PROFESSIONAL PERSONNEL OFFICE

contract with the United States Atomic Energy Commission, P.0. BOX 299-H4 - LEMONT, ILLINOIS
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ADD NEW DIMENSIONS TO
YOUR CAREER...AT LINK-PALO ALTO

analog computers

research & development

electronics

To the engineer pursuing a career, Link Aviation, Inc. offers a way of life. ..
a new, wonderful, stimulating life in the charming suburban community of
Palo Alto, California. Here, the natural climate rivals the intellectual
climate for living at its finest. ® Pioneers and world leaders in flight
simulation, Link has become an important systems designer in many fields
such as automatic control,optical and visual display,and radar simulation.
e Academically, Link provides opportunity for study under regular
university curriculum, with all tuition expenses underwritten, in the Stanford
University Honors Cooperative Program. And Link offers all the employee
benefits associated with advanced management practices. Excellent
salaries. Generous hospital, health and retirement compensations. ® There
are immediate openings at all levels for engineers in analog and digital
computers, radar simulators, automatic checkout equipment,

complex electronic simulators, optical systems and electronic packaging.

Write to Mr. H. A. Larko, Link Aviation, Inc., P. O. Box 1318 Palo Alto, California
A subsidi f
General Si;r:e:syi:n ‘ "x

Equipment
Corporation

LINK AVIATION, INC.
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Special Solar skills
for advanced missile systems

Powerful Rocketdyne booster engine chambers —
designed to withstand combustion temperatures of
5500 F —are being fabricated by Solar. The chambers
are an outstanding example of Solar’s advanced tech-
nology in the missile systems field. Made from hundreds
of spaghetti-like nickel or stainless steel tubes, they are
precision fabricated and brazed together to form
nozzles. A large sustainer engine plus the twin-
chambered booster engine make up the liquid
propellant power system for the giant Atlas ICBM.

Solar’s leadership in high-temperature technology —
plus advanced facilities—is one part of the company’s
outstanding missile and weapon systems capability.

Complete engineering, research and test facilities—
staffed by a team of systems engineers participating
in America’s most challenging missile and space pro-
grams—are available to help solve your difficult design,
development and production problems. Write for
details to Dept. F-100, Solar Aircraft Company, San
Diego 12, California.

AIRCRAFT COMPANY

SAN DIEGO
DES MOINES

ENGINEERS WANTED! CHALLENGING PROJECTS, UNLIMITED OPPORTUNITIES, GOOD LIVING WITH SOLAR. WRITE TODAY!
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CONVAIR-Astronautics ...expanding mans knowledge of the universe

In building, flight-testing and further developing the Atlas ICBM for the U.S. Air Force, CONVAIR-Astronautics
also gains knowledge and experience useful for our operations in space. This intelligence, vital to the United States

for future defense and peaceful pursuits, can be greatly expanded through advanced Orbital Systems developed

by CONVAIR-Astronautics from its experience with the Atlas.

CONVAIR & piviSION OF GENERAL DYNAMICS CORPORATION
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