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No matter what the weather, speed or altitude, an IBM navigational computer system now being developed
will let the pilot see his position on a moving map. His air speed is 1,500 mph, his altimeter 50,000 feet. Below
him lies the earth totally obscured by cloud cover, and above, the darkness of outer space. Yet the pilot can see where
he is and where he’s going. How? & A small glass hemisphere carries a detailed map of half the earth and is tied
into the plane’s computer. A beam of light illuminates a small section of this hemisphere and projects it onto a
screen in front of the pilot. In flight, the computer rotates the hemisphere, correlating it exactly with the plane’s
supersonic progress and the rotating earth. = To develop this system, IBM engineers came up with a new technique
for depositing the map image on glass. In discovering it, they established principles that may be followed in space
navigation as well—using a star map instead of an earth map. By exploring new methods of collection, processing and

communication of data, IBM is uncovering many new solutions to problems of business and science. IBM
®

new electronic map will show the pilot where in the world he is
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UNLEASHES NEW FORCES IN THE RUBBER MOLECULE

Before Diene*, when you added any given polymer to
rubber it was like adding 2 4+ 2. The result was
always 4.

That’s why Firestone’s dynamic new Diene is so
significant. Many chemists and compounders are
finding that rubber and Diene are making 2 + 2 =

They’re finding that Diene rubber, when mixed in
major proportions with natural rubber or Styrene-
Butadiene rubber, lends remarkable new qualities to
the resultant compound. Qualities that expand and
excel the best features of both, synergistically. Such
payoffs as 20% more resiliency than natural rubber,
for example, and greater resistance to wear, heat,
cracking and aging all result.

Diene unleashes new forces in the rubber molecule and
uncovers new potentials for rubber products!

Take truck tires as an example. Multi-million-mile
road tests involving tires with Diene-natural rubber
compounds have shown greater wear resistance. Lower

operating temperatures. Improved road grip on slick
surfaces. Better gas mileage through reduced rolling
resistance.

Moreover, Diene will improve many other rubber
products—from rubber soles to conveyor belts.

You’ll want to learn more about this outstanding
research achievement. Write for development quanti-
ties and technical information to: Dept. 69-3, Fire-
stone Synthetic Rubber and Latex Co., Akron 1, Ohio.

Firestone’s Diene rubber plantis in full commercial production.

Firestone

SYNTHETIC RUBBER & LATEX CO

-ﬂ:’\ AKRON 1, OHIO ].‘r].-

,m MAKING THE BEST TODAY STILL BETTER TOMORROW lL "l\

("'- ./ Copyright1961, The Firestone Tire & Rubber Company - \;:} '_‘
*A Firestone trademark for synthetic rubber
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now X marks
our spot

On June 1 the name of our com-
pany changed from Haloid Xerox
Inc. to XeErRox CORPORATION.
Therefore, you will want to bring
your reference files up-to-date. Then, when you're looking for
information on office copiers, high-speed continuous printers
and other reproduction equipment, you will find it—under *X.”
= Why this curious name ‘‘Xerox’'? The word is of classic origin
and stems from the Greek xeros, meaning *‘dry.”” And dry de-
scribes, perhaps as well as one word can, the revolutionary
process on which our copiers and printers operate. m The initial

XEROX

CORPORATION

“X'" in all English words of ancient Greek origin is pronounced
as a ““Z." Hence, Xerox is pronounced zerox ... but here we
part company with all things ancient and Greek! » For the Xerox
in our new corporate name stands for a modern, progressive,
research-oriented company which, through exciting new prod-
ucts, is making its mark in the growing field of graphic com-
munications. = In meeting the needs of modern business for
better ways to record, condense, store, and recall the sheer
mass of information, Xerox CorPORATION helps management to
manage the future. For more information on our company, write
Xerox CoRPORATION, 20 Haloid Street, Rochester 3, New York.
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Straits
Tin

Report

Four ways to reduce
metallic whiskers —
Troublesome whiskers tend to
grow from surfaces of electrical
and electronic components in
close proximity.

Example of metallic whisker growth on
angle bracket

By bridging gaps between contact
points, the whiskers cause shorts.
As a result of research fostered
by telephone companies and the
tin industry, it has been deter-
mined that whisker growth can
be reduced in any of four ways:

@ Tin coatings can be increased to an
ideal thickness of .005 in.

@ Components can be flow-melted

@ Components can be hot tin dipped
rather than electrolytically coated

@ Lower ambient temperatures can be
used to inhibit whisker growth

Superior solderability
can be obtained with a hot dipped
or electroplated coating of .0003
in. This thickness is least in-
fluenced by factors of basis metal,
undercoat layers and after-treat-
ment—according to solderability
studies of various coatings of tin,
alloys of tin with lead, zinc, cadmi-
um, and cadmium and silver.

FREE Brochure

16 interesting

oits Tia

pages of informa- l'::..m
tion about the —

latest uses of tin [rry
in U.S. industry. et
Write today for

your copy. ww

The Malayan Tin Bureau
Dept. T-15G, 2000 K St., N.W., Washington 6, D.C.

THE COVER

Shown on the cover are photographs of two computer elements designed
to operate at the temperature of liquid helium. When such an element is
immersed in liquid helium, its circuits become superconductive; that is,
they conduct current without resistance. With elements operating on this
principle it should be possible to build computers having considerably
greater capacity than those now in operation (see page 124). The ele-
ment at the top is a “memory plane”; the element at the bottom, a
“decoder.” Both of the elements have been enlarged about four times.
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THE NEW AGE OF COMMUNICATION

low cost global strategy ...
EDUCATIONAL TV VIA SATELLITE

’To those peoples in the huts and villages across the globe strug-
gling to break the bonds of mass misery, we pledge our best efforts
to help them help themselves . . . not because the Communists may
be doing it, not because we seek their votes, but because it is right.”
—President John F. Kennedy, Inaugural Address.

In keeping with President Kennedy's pledge, we can help our
neighbors in the manner pictured above. For 'though this re-
mote village doesn't have TV today — doesn't even have a
school — you see it in the not distant future. You see it when
communications satellites will enable us to bring mass educa-
tion to the emerging peoples of the world. The kind of education
they want and need most: vocational guidance in agriculture,
sanitation, the mechanical trades.

In terms of its powerful influence on men's minds, this kind

of foreign aid will cost very little; indeed it will be largely a
bonus of tomorrow's global communications system. Satellites
will open up thousands of new microwave channels. Commerce
and industry will use these channels, paying communication
tolls no higher than today's. But many frequencies will be
available for the struggle against ignorance and poverty —
and tyranny.

RADIATION Incorporated designs and builds the tools of the
New Age of Communication: data acquisition and processing
systems for satellites and missiles; radar and telemetering trans-
mitters; communications and tracking antennas.

For more information about our capabilities, address Dept.
SA-7, Radiation Incorporated, Melbourne, Florida.

)

| = ¢\ RADIATION

INCORPORATED

Main offices and plants are located at Melbourne and Orlando, Florida, Palo Alto, California, and Philadelphia, Pennsylvania

5
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taking the guesswork out of decision-making.. .

e An exciting new profit-making application for the General Electric GE 225
Information Processing Computer

e F'rom project personnel via arrow diagram and General Electric GE 225 to
mintmum time-cost schedules

o One more reason why you should investigate the possibilities of the
versatile GE 225
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ENGINEERING R & D » HIGHWAY CONSTRUCTION » BANK AUTOMATION - SLUM CLEARANCE + PLANT SHUT-DOWN
CONVERSION TO COMPUTER « NUCLEAR POWER PROJECTS + MISSILE PRODUCTION « REFINERY MAINTENANCE

PRECGISE PROJECGT PLANNING
WITH THE GE 225 AND CPM

® To drastically reduce the need for managerial guesswork and to
deliver precise data required for timely decision-making, General
Electric now offers Critical Path Method (CPM) processing capa-
bility on the GE 225 computer.

® A new, advanced technique for project planning, scheduling and
control, CPM can pinpoint your critical jobs to prevent bottlenecks
before they result in costly and unnecessary delays.

® CPM is based on a pictorial project representation—an “Arrow
Diagram” or “Project Network”—which shows the relationship and
sequence of work to be done.* As employed by the GE 225, the
Critical Path Method can be used for all types of project problems
—from manufacturing, maintenance or construction planning to cor-
porate planning, product launching and missile countdown.

® The CPM program developed specifically for the GE 225 effi-
ciently processes both COST and TIME information on each job in
the project to obtain minimum time-cost schedules. As a result, man-
agement and project personnel alike obtain pertinent and timely
information on plans and schedules.

@ The GE 225 CPM application is an advance providing for auto-

matic event re-numbering and direct priority weighting of each
project job in the most efficient manner.

® General Electric sales representatives, backed up by new General
Electric Computer Department Information Processing Centers, can
further explain this exciting and flexible use for a GE 225 and are
ready NOW, working with your consultants and management, to
integrate information handling equipment into your business.

® The application of the GE 225 to CPM represents one of many
new advances pioneered by General Electric. It would be a wise
move for you to investigate the benefits of the Critical Path Method,
GECOM and other General Electric advances—all available for the
GE 225. GECOM is the General Compiler which processes English
language statements (COBOL), Algebraic expressions (ALGOL),
Structured decision tables (TABSOL) and the File and Report In-
formation Processing Generators (FRINGE).

For more information, write to General Electric Company, Computer
Department, Section 65H7, Phoenix, Arizona, or contact your nearest
General Electric Computer Department District Office listed below.

Atlanta: 270 Peachtree St. N.W., 522-1611 © Boston: 140 Federal St., HU 2-1800, Ext. 311 ® Chicago: 840 S. Canal St., WA 2-5611, Ext. 587 ® Cleveland: 215 Euclid Ave.,
SU 1-6822 * Dallas: 3200 Maple Ave., Rl 8-0589 ® Detroit: 680 Antoinette St., TR 2-2600 ® Houston: 4219 Richmond Ave., MO 7-3301 ® Kansas City, Mo.: 106 W. 14th St.,
"GR1-2919 ® Los Angeles: 1010 S. Flower St., DU 1-3641 * Louisville: Bldg. 6, Appliance Pk., GL 4-7511 * Mii polis: 6th & H pin, FE 2-7569 * New York: 122 E. 42nd St.,
PL 1-1311, Ext. 2235 ¢ Philadelphia: 2 Penn Center Plaza, LO 8-8085 ® Phoenix: 3550 N. Central Ave., AM 4-3741  Pittsburgh: 1634 Oliver Bldg., Mellon Sq., AT 1-6400, Ext.
566 * San Francisco: 235 Montgomery St., DO 2-3740 * Schenectady: Bldg. 2, 1 River Rd., FR 4-2211, Ext. 5-4405 * Seattle: 710 Second Ave., MA 4-8300 ® St. Louis: 818 Olive St.,
GE 6-4343 ® Syracuse: 1010 James St., GR 6-4411, Ext. 6141 ®* Washington, D.C. Area: 7401 Wisc. Ave., Bethesda, Md., OL 2-8100. In Canada: Canadian General Electric Co.,

Ltd., Electronic Equip. and Tube Dept., 830 Lansdowne Ave., Toronto, Ontario, Canada. Outside U.S.A. and Canada: @ ,"FORM‘T’ON PROCESS'"G

Producer Goods Export Dept., International General Electric Company Div., 150 E. 42nd St., New York City, N.Y., U.S.A,
AUTOMATED BY GENERAL ELECTRI(}

Progress ls Ovr Most Important Product

GENERAL ELECTRIC

cPA-65(6-61)

*THIS METHOD WAS DEVELOPED BY MAUCHLY ASSOCIATES,
AMBLER, PENNSYLVANIA —TORONTO, CANADA,
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".; Ultra- Fast Slllcon Dlodes

.. - ;_.'-*m““ s ‘;‘ T . A
<
General Inst?ument‘ g 3 . A

-“,4

2 . 4 t . g

The versatility of an electronic ‘brain’ is frequently governed by its ‘thinking’ speed. The semi-

think fastere. 00

conductors that make extreme speed possible, however, often do so by compromising other essential
characteristics.m Aware of this truth, General Instrument has developed a series of highly reliable
computer diodes which not only achieve speeds of two nanoseconds, but also permit circuit
designers, for the first time, to combine ultra-fast computer switching with several other attractive
1 parameters. For example, the combination of needed high conductance with capacitance less than
| 2 pfis possible with General Instrument’s new SP106 ultra-fast diode.m This concern for speed,
| versatility and uniformity of product permeates the manufacture of all General Instrument semi-
conductors, whether they have custom or industry-standard characteristics. If you would like more
specific information about ultra-fast silicon diodes or if you would like to participate in the exciting

research that made the SP106 and the others in its series possible, write today to Department

-

SA-71, General Instrument Semiconductor Division, 65 Gouverneur Street, Newark 4, New Jersey.

| GENERAL INSTRUMENT SEMICONDUCTOR DIVISION
wevcl GENERAL INSTRUMENT CORPORATION
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portable research:

Hypervelocity studies: Fexitron 210 blasting Radiation effects: Studies now are possible Non-destructive testing of small com-
cap photo, taken at 0.03 microsecond, 100 kv, at dose rates of 10® R/sec with Fexitron 210 ponents: Photo of electronic watch taken by
showing 7 mil particles at 16,000 f.p.s. and Fexitron 215; 10° R/sec with Fexitron 201. Fexitron 210; 2 mil resolution.

(;igh speed x-rays

. x(
=]

: !
= L
Biomedical x-rays: Short exposure avoids Metal forming: Analysis of dynamic proc- Ballistics: Radiograph of bullet at end of gun
motion blur. Fexitron units can be carried to esses in metal forming now possible with barrel; Fexitron 201 will expose film through
bedside, in rescue operations, to remote areas. Fexitron 215. 3" of steel.

Write or telephone for information on the Fexitron x-ray systems

FEXITRON 210: 0.03 microsecond; 100 kv; FEXITRON 215: 0.05 or 0.15 microsecond; FEXITRON 201: 0.2 microsecond; 600 kv;
1 mm. source size; 40 Ibs.; penetrates 1” of 300 kv; 5 mm. source size; 160 Ibs.; penetrates 9 mm. source size; 64" high; penetrates 6” of
aluminum; price $2,480. 4" of aluminum; price $8,732. aluminum; price $23,553.

| |

i name -
L] — T title _
. —hﬁ

] T company S _
¥ address

B McMinnville, Oregon / telephone 12951

! Field Emission Corporation

city and state_ == — —=

~O L----
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he true scientist,the creative engineer,

buy. Since this is a realistic world, money is an important
of attainment—does not begin and end with his pay

and creative climate—to rub elbows with men who are
participant in the Great Adventure of Tomorrow

these rewards-within-rewards impel men of outstanding
For here they can work on the POLARIS FBM;

and on new, advanced contributions to the Space Age.

they find a sense of being, of doing, of accomplishing.

lﬂcklleed MISSILES AND SPACE DIVISION perr. M-12C, 962 WEST EL CAMINO REAL,

All qualified applicants will receive consideration for employment without regard to race, creed, color or national origin.
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has a light in his eye that money can’t

factor. But a man’s real warmth for his job—his real measure
check. To find himselfin the right emotional
acknowledged masters in their fields—to be an active
—these are the satistying, the lasting, rewards. And

talent to come to Lockheed Missiles and Space Division.

on the DISCOVERER and MIDAS satellites;

Here they find inventive and creative freedom. Here

We invite you to join their proud company.

SUNNYVALE, CALIFORNIA o SUNNYVALE, PALOALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA + CAPE CANAVERAL, FLORIDA + HAWAI!
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May 5, 1961—First released photograph taken from NASA Freedom 7 Mercury capsule duplicates Cmdr, Shepard’s

» =8

view of eastern coastline of the United States. Astronout’s view through Perkin-Elmer periscope covered 1600 miles.

“On the periscope.
What a beautiful view?!”

An eye for an astronaut—designed and built by Perkin-Elmer .

. . a highly precise optical system

that provides a 175° clear view of the earth below, with the option to superimpose a magnified 19°
view in the center of the periscope display screen . . . lightweight, yet rugged to withstand a journey

into space and return.

More than just a viewer, the periscope supplies vital navi-
gational data: drift, pitch, roll, true vertical, retrograde
angle. The periscope also serves as an “optical altimeter”
since barometric altimeters cannot function in space.

Following Mercury from the ground was another P-E sys-
tem—the 500 inch focal length ROTI. This automated tracker
is used to photographically record the behavior of missiles
in flight.

The unique periscope for the NASA Mercury capsule is

Scientists and i s il d in chall

Relations. All lified applicants will be id. gardl

an example of Perkin-Elmer capabilities in precision optics
and electronics—and the experience it can employ to meet
the challenge of space age instrumentation. Other examples:
guidance alignment equipment for missiles like Titan, Atlas,
Pershing . . . infrared systems . . . spectrometers for plan-
etary and high altitude probes . . . complex telescopes for
flights such as Project Stratoscope II.

Electro-Optical Division, Perkin-Elmer Corporation, Nor-
walk, Connecticut, and Los Angeles, California.

Perkin-Elmer Gy

g careers are invited to write the Director of Industrial
d of race, creed, color or national origin,
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Environmental and secondary

power systems for multiman

spacecraft...

1. Main cabin
environmental control
system . . . cryogenijc
atmosphere supply, cooling
system, pressurizalion and
constituent controls,

water purification.

2. Re-entry 'emergency
environmental control
system.

3. "Back pack’’ breathing
and pressurization system.

4. Secondary power
system . . . multiple
re-entry turbine, pump,
alternator and cryogenic
fuel supplies.

5. Attitude control system
.. . reaction motor, fuel
and attitude controls.

e )

6. Instrumentation

.. . flight data and
physiological monitoring
systems.

Manned space flight requires reliable and efficient thermal Their design reflects Garrett’s 20 years of leadership in
and atmospheric systems and secondary power equipment. developing and producing secondary power and environ-

Complete and integrated systems, as pictured, are being mental controls for aircraft and spacecraft, including
studied or under development at The Garrett Corporation. NASA’s Project Mercury life support system. This unique
Through optimized design they offer an unmatched degree capability offers an unequaled source of research, develop-
of compatibility and high performance. ment and production to the government and industry.

THE CORPORATION

AiResearch Manufacturing Divisions

Los Angeles 45, California » Phoenix, Arizona
Systems and Componen&s for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS

I3
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LETTERS

In “The Mathematician as an Explor-
er” [SciENTIFIC AMERICAN, May] Sher-
man K. Stein describes his exploration
of the “memory wheel” problem, that
is, the problem of constructing sequences
of digits containing all possible combi-
nations of a certain length without repe-
tition. Apparently the author did not
know that these sequences have found
direct application in several aspects of
communication theory and have in fact
been studied in some detail by electrical
engineers in recent years.

Since Stein has made this problem
seem unnecessarily formidable, your
readers may be interested in a simple,
direct and general procedure by which
the undersigned solved a form of the
memory-wheel problem. The problem
arose in conjunction with the design of
sequential machines (types of autom-
ata) for use in generating error-cor-
recting codes. (Stein’s “road maps”
correspond to “state diagrams” in these
machines.) Since we were considering
codes other than binary, we were look-
ing for sequences made up of the in-
tegers 0, 1,..., p—1, which contained all
possible n-tuples without repetition. It
turned out that for the case where the
number of integers, p, is a prime, a sim-
ple algebraic solution can be found.

From the theory of Galois fields (a

Scientific American, July, 1961; Vol. 205,
No. 1. Published monthly by Scientific American,
Inc., 415 Madison Avenue, New York 17, N.Y.;

‘ Gerard Piel, president; Dennis Flanagan, vice-
president; Donald H. Miller, Jr., vice-president
and treasurer.

Editorial correspondence should be addressed to
The Editors, ScieNTIFIC AMERICAN, 415 Madison
Avenue, New York 17, N.Y. Manuscripts are
submitted at the author’s risk and will not be
returned unless accompanied by postage.

Advertising correspondence should be addressed
to Martin M. Davidson, Advertising Manager,
ScieNTIFIC AMERICAN, 415 Madison Avenue, New
York 17, N.Y.

Subscription correspondence should be ad-
dressed to Jerome L. Feldman, Circulation Man-
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Subscription rates: one year, $6; two years, $11;
three years, $15. These rates apply throughout
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Change of address: please notify us four weeks
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zone numbers, if any.
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branch of algebra invented before 1832
by the brilliant French mathematician
Evariste Galois and apparently consid-
ered passé by modern mathematicians)
it can be shown that the crux of the
memory wheel problem lies in the choice
of a special polynomial, g(x), whose
coefficients are selected from the in-
tegers 0,1, 2, ..., p—1. This polynomial,
besides having other special properties,
must be one of the divisors of the ex-
pression xm—1, a fact that was suggested
in Stein’s article.

Once an appropriate polynomial has
been found, the required memory-wheel
sequence is generated by forming 1/q (x)
by a process of long division. In the
division process, arithmetic must be per-
formed modulo-p. (In modulo-5 arith-
metic, for example, 2 +3 = 0.) Although
we have not given here the procedure
tor selecting the appropriate polynomial,
suffice it to say that the generation of
these sequences has warranted enough
attention among communication en-
gineers for tabulations of the appropriate
polynomials to have been published up
to orders as high as 34.

T. E. STERN
B. FRIEDLAND

Department of Electrical

Engineering
Columbia University
New York, N.Y.

Sirs:

It was a pleasure to learn that electri-
cal engineers too have found memory
wheels of use and construct them with
Rees’s algebraic technique. Clearly these
wheels should be listed in the as yet
unpublished Facts that Every Research
Scientist Should Know. Such a book
would go far in breaking down the ex-
aggerated barriers we put between the
fields of knowledge.

But it was not a pleasure to read:
“...the theory of Galois fields...appar-
ently considered passé by modern math-
ematicians...” Let me help knock down
one of those aforementioned barriers.
Modern mathematicians, like modern
engineers a very practical bunch, will
use any tool that serves their purpose.
In particular, Galois fields are stand-
ard equipment for every algebraist in the
world. Rees used them; they are used
in the construction of orthogonal Latin
squares [“Mathematical Games”; Scien-
TIFIC AMERICAN, November, 1959]; they
and their generalizations, near-fields, are
used in constructing geometries with

© 1961 SCIENTIFIC AMERICAN, INC

only a finite number of points on a line.
They frequently appear also as parts
of larger algebraic structures.

Each reader has the right to decide
what is “unnecessarily formidable.” A
highway system and its inspector in-
volve, mathematically speaking, much
less structure than the field of power
series in one variable with coeflicients
from a Galois field, and yet they make
it clear to a wide group of readers that
the memory wheels exist. The highway
systems were the context of deBruijn’s
beautiful work in which he went on
to find the number of memory wheels.
My goal was not that of Professors Stern
and Friedland, the methodical construc-
tion of memory wheels for error cor-
recting. My goal was to take the pro-
verbial “intelligent layman” inside math-
ematics.

SHERMAN STEIN

Florence, Italy

Sirs:

As a lifelong student of the art and
science of printing telegraphy, I have
been extremely interested in the prac-
tical aspects of arrangements of binary
quintuplets. I was therefore especially
interested in Sherman K. Stein’s arti-
cle “The Mathematician as an Explorer”
[SciexTiFic AMERICAN, May]. Particu-
larly interesting was his quotation from
I. ]J. Good, suggesting the application
of memory-wheel techniques to the con-
struction of teleprinters.

The application to which I presume
Good alludes appears in a Western
Electric tape teletypewriter used very
early in this century and in its Euro-
pean counterparts, and it is known here
as the “combination-wheel and seeker”
mechanism. The combination wheel is,
of course, a mechanically coded memory
wheel, and the seekers form a device
for locating the desired quintuplet on
its periphery, thus indexing the desired
character for printing.

When, as a young boy, I first en-
countered a description of this system,
I recall naively remarking on the good
fortune of the designers of the machine
in being able to find such a sequence. It
is reassuring in retrospect to be informed
by Dr. Stein that number theory had
assured them of not one but 2,048 such
solutions.

D. A. KEgRr

Lakewood, Ohio



PROGRESS IN SEMICONDUCTORS:
FROM WESTINGHOUSE AT YOUNGWOOD

The Westinghouse Trinistor controlled rectifier acts as a switch with no moving parts, contrals currents up to 50 amps.

Westinghouse power switching device
opens new frontiers in electrical control systems

Industry today places exacting demands on electrical control sys-
tems. They must be precise and fast in operation, high in power
output yet compact in size and above all—reliable. And these re-
quirements must be provided at low cost. To obtain all of these
advantages, more and more systems engineers are turning to
the Westinghouse TrinistorT controlled rectifier. The impact of this
device on industrial controls will be no less than that of transistors
in the electronics industry.

A Trinistor unit is basically a controlled switch—a very fast and
dependable switch with no contacts and no moving parts. It can be
closed and opened in a matter of microseconds with a few milli-
watts of control signal. But the power controlled by this switch can
be many kilowatts. The Type 809 Trinistor unit, for example, has a
current rating of 50 amperes at voltages to 400 volts—and a voltage
drop of less than 1 volt at full current. Other Westinghouse Trinistor

controlled rectifiers are available for lower current applications.

The high sensitivity, speed, reliability and power capacity of the
Trinistor family make them ideally suited for many electrical and
electronic applications. For example, in regulators they replace
bulky and expensive magnetic amplifiers. In servo systems they
replace slow, unreliable rotating amplifiers. In the case of inverters,
Trinistor units are opening up whole new areas of endeavor by
making the large scale generation of power at high frequencies
both practical and economical.

If your business involves the design or utilization of electrical or
electronic controls, we suggest you investigate the Trinistor con-
trolled rectifier. For complete information, please call or write:
Westinghouse Electric Corporation, Semiconductor Depart-
ment, Youngwood, Penna. SC-1044

voucanbesure...itics WESTINGHOUSE
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The RPC-4000 Electronic Computing System can help
a company drowning in a sea of figures

If your company’s progress towards new products, and  machine language compatibility with popular large scale
fresh profits, is swamped by a rising tide of figure  systems... 2) you receive the ultimate in automatic
work . . . if your company needs a computing system  programming techniques, and... 3) you eliminate
but has been sitting on the fence waiting for the right ~ cumbersome conversion routines. Royal Precision
one to come along—then you should know more about ~ RPC-4000’s are being delivered now. With it, you get
the Royal Precision RPC-4000. The RPC-4000 is an  the help of a skilled service force, with experience in
advanced, fully-transistorized computing system  over 450 computer installations. All good reasons,
offering “medium-scale” capability at a surprising  surely, for writing to

small-s?ale price. It is eql.lally sulta.ble for engineering Computers, Ro'yal RoOvaL | cENERAL

or business use. It requires no air conditioning, no  McBee Corporation, WeBEE | PRECISION
site preparation. It plugs into any 110-Volt AC outlet.  Port Chester, N.Y.for

And, with COMPACT, the new compiler: 1) you achieve ~ more information. ELECTRONIC DATA PROCESSING SYSTEMS

© 1961 ROYAL MCBEE
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QUESTION
MANAGEMENT

Why have 53 scientific/engineering
firms located in San Diego?

If your firm is interested in new concepts and products,
examine the reasons why San Diego has become one of
the nation’s new centers for research, development and
advanced product manufacturing.

Here you’ll find:

¢ A vigorous environment that encourages exploration
in science and engineering...an outstanding climate
and recreational-cultural opportunities that attract and
hold scientists, engineers and technicians.

¢ A large reservoir of young, skilled workers experienced
in the production of missiles and aircraft . . .atomic
reactors and gas turbine engines . ..ocean-harvested
chemicals and minerals. .. electronic components,
instruments and systems.

* Three universities and a large state college . . . hundreds
of acres of improved industrial land, served by air, rail,
truck and ocean transportation . .. a metropolitan
population of over a million people ... civic govern-
ments and financial institutions that encourage and
assist industrial growth.

For additional reasons why your company can benefit

from a San Diego location, mail the coupon below or

direct specific questions to: Harold V. Pederson, Industrial

Dept. Manager, San Diego Chamber of Commerce. All

inquiries are treated in strict confidence.

& San Diego County

Opportunity today . . . for industry shaping tomorrow

¥

THE SAN DIEGO INDUSTRIAL COMMUNITY INCLUDES THESE COM-
PANIES AND INSTITUTIONS: Advanced Products Department of General
Dynamics * American Agar & Chemical Company ¢ Atlas Transformer
Company * Beckman Instruments, Inc., Helipot Division * Bill Jack Scien-
tific Instrument Company ¢ Chu Associates * California General, Inc. *
California Western University * Chapman-Gilbert Company, Inc. * Chem-
alloy Electronics Corp. * Chem-Tronics, Inc. * Cimron Corp. * C E S
Electronic Products, Inc. * CME Manufacturing Company ¢ Convair/
Astronautics, Convair Division of General Dynamics * Convair/San Diego,
Convair Division of General Dynamics * Cubic Corporation * Daystrom,
Incorporated, Control Systems Division * Delta Design, Inc. * Digital
Development Corporation * Dynair Electronics, Inc. * Electralab Printed
Electronics Corp., Western Division ¢ Electronic Engineering Company ®
General Atomic Division of General Dynamics * General Dynamics Corpo-
ration ® General Dynamics/Electronics, Information Technology Division *
General Dynamics/Electronics, Military Products Operating Division *
Gyrotor, Inc. * Humphrey, Inc. ®* Hughes Aircraft Company, Vacuum Tube
Products Division ¢ Instruments, Inc., Electronics Division ¢ Institute for
Biology at San Diego * Kelco Company ¢ Kinetics Corporation * KIN
TEL Division of Cohu Electronics, Inc. * Librascope, Aerospace Division of
General Precision, Inc. * Microdot, Inc., San Diego Division * Narmco
Industries, Inc. * Navy Electronics Laboratory * Non-Linear Systems, Inc.
® Oceangraphic Engineering Corp. * Pan Technics, Ltd. * Planautics Cor-
poration * Research Manufacturing Corporation * Rohr Aircraft Corpora-
tion * Ryan Aeronautical Co. * Ryan Electronics, a Division of Ryan
Aeronautical Co. * San Diego Biomedical Research Institute * San Diego
State College * Scripps Institution of Oceanography * Scripps Clinic and
Research Foundation * Smyth Research Associates * Solar Aircraft Com-
pany e Stellardyne Laboratories, Inc. * Straza Electronics, A Division of
Straza Industries * Summerlin Memorial Laboratory ¢ Topaz Transformer
Products, Inc. * Transdata, Inc. * Tri-Lab, Inc. * University of California
at San Diego * University of San Diego * Zoological Society of San Diego

r—-——"""""" T T T 7777777771

SAN DIEGO CHAMBER OF COMMERCE
497 W, Broadway, San Diego 1, Calif.
Send the full story on opportunities for industry.

| |
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| |
| |
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| Title......... i
I Company..... }
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Maximum performance for the military... maximum satisfaction
for the industrial customer...these are the goals of Sperry field
engineering. A specialized division of personnel expertly trained
in application, installation, operation, maintenance and overhaul,
it provides on-the-spot engineering support for Sperry’s wide-
ranging products and systems. There are three integrated
support functions: (1) customer training and product orientation;
(2) field activity including on-the-job training, application
engineering, installation, repair, product improvement; and (3)
comprehensive overhaul centers strategically located.

With 50 years of professional experience, Sperry field engi-
neering puts a unique support capability at the service of Sperry
customers world wide. General offices: Great Neck, N.Y.

© 1961 SCIENTIFIC AMERICAN, INC ]
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.’s all one p1ece:

Opening and closing this one-piece carrying case
demonstrates the remarkable ‘““hinge” property

of TENITE POLYPROPYLENE

Flexed a million times in one continuous laboratory test, a
molded specimen of Tenite Polypropylene—the Eastman
plastic with the “built-in hinge”—showed never a crack.
That's why this case can have its base, cover, and handle
molded as a unit, with obvious savings in design, fabrica-
tion, and assembly.

Made for a child's typewriter, the case is well able to take
slam-bang treatment that will come its way. The high abra-
sion resistance demonstrated in this use gives long life to
the beauty of many products made from Tenite Polypro-
pylene, and also suggests its use for, gears, bearings, and
similar hard-working parts.

In addition to being injection molded, Tenite Polypro-
pylene can be extruded into film, sheeting, and monofila-
ments, and in special formulations is adaptable to blow
molding, where its exceptional strength permits thin walls.
The film is sparkling clear, heat-sealable, printable, and an
effective moisture barrier—important features in packaging.
Rigid sheet is readily thermoformed on standard equipment
into large-scale sections or skin packaging.

As extruded wire covering, Tenite Polypropylene exhibits
excellent electrical and thermal properties. And formula-
tions combining weatherability, low-temperature flexibility,
and high tensile strength may be used to produce monofila-
ments that are ideal for such applications as webbing for
outdoor furniture.

With the lightest weight of any solid plastic, Tenite Poly-
propylene gives the greatest product yield per pound. As
for colors, thousands of vibrant hues are available in Tenite
Polypropylene—or in color concentrates for mixing with un-
colored plastic to produce the desired color when molded
or extruded. Eastman experience in coloring plastics ex-
tends over 25 years, with additional background in color
photography and textile dyes. In applying this plastic to

o R kv
PO ps oA 215K |
4. A F.-f-.b%'!-““-_!.

Carrying case molded by manufacturer of the “Tom Thumb”’
typewriter, Western StampingCompany,Jackson, Michigan.

your product ideas, you can call on the aid of Eastman's
technical representatives and its extensive laboratory facili-
ties. For information on Tenite Polypropylene or any other
plastics in the Tenite family—butyrate, acetate, propionate,
or polyethylene—write EASTMAN CHEMICAL PRODUCTS,
INc., subsidiary of Eastman Kodak Company, KINGSPORT,
TENNESSEE.

POLYPROPYLENE

an Fastman plastic

© 1961 SCIENTIFIC AMERICAN, INC



7 q" AN/MRcC-66 Communication Central provides a 20-mile mobile
, radio telephone system between a dozen tactical units on the

7 move...plus full compatibility with other radio and wire circuits.
’, This advanced single sideband concept, developed by Motorola
’ for U.S. Army Signal Corps, offers the transmission of
p simultaneous voice, teletype, facsimile and data transmission
M far superior to conventional modulation systems. SSB also allows
more channels in a given portion of the crowded RF spectrum
and more systems in a given area. st Automatic Output
Control insures uniform signal reception regardless of whether
vehicles are deployed 100 feet or 10 miles from the Central.
Three operating modes—Normal, In-Channel Net and Emergency
Net—enhance the basic system flexibility. st Simplification
inherent in Motorola’s concept and modular design affords the
highest possible degree of reliability and maintainability

in the field. Detailed information is available on request.
Military Electronics Division Q MOTOROLA

CHICAGO 51, lllinois, 1450 North Cicero Avenue
are ’i ited to a l SCOTTSDALE, Arizona, 8201 East Mc Dowell Road
nv ppLy RIVERSIDE, California, 8330 Indiana Avenue

Qualified technical personnel

20

© 1961 SCIENTIFIC AMERICAN, INC



X-ray photograph of miniaturized motor (actual size) manufactured by Air Marine Motors, Inc., Amityville, L. 1., N. Y,

Space and weight were at a premium in this new
motor, designed to drive a camera on a missile-
tracking radar antenna. Requirements were for a
synchronous motor, 1/40 hp at 8,000 rpm, to with-
stand 180°C. for a minimum of 2,000 hours’ life.
With conventional insulation, a unit 37§ inches
in diameter weighing over 3 Ibs. would have been re-
quired. Using cell insulation of a Du Pont TEFLON
TFE fluorocarbon resin—magnet wire and lead

wire insulated with TEFLON—the designer meets the
specifications with a motor 2 inches in diameter
weighing less than 1 1b.

Smaller size, lower weight and longer, trouble-
free service for electrical and electronic equipment

THE INSIDE STORY: how motors lose weight and live longer

are made possible by the high insulating properties
of TEFLON resins. In addition, virtually universal
chemical inertness, resistance to temperature ex-
tremes, and very low coefficients of friction make
TEFLON resins—both TFE and FEP—invaluable
wherever severe environmental conditions prevail.
Find out more about the many mechanical and
electrical designs that have been improved by the
use of these unique engineering materials. Write to:
E. I. du Pont de Nemours & Co. (Inc.), Room S-7,
Du Pont Building, Wilmington 98, Delawarec.

In Canada: Du Pont of Canada Limited, P.O. Box
660, Montreal, Quebec.

TEFLON is Du Pont’s registered trademark for its family of
[fluorocarbon resins, including TFE (tetrafluoroethylene)
resins and FEP (fluorinated ethylene propylene) resins.

> TEFLON'

FLUOROCARBON RESINS

BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY

© 1961 SCIENTIFIC AMERICAN, INC
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Garbed like surgeons, Hughes engineers and technicians
assemble accelerometers in this ““clean room.”” Here, the air
is a thousand times freer of dust than an air-conditioned
office. In fact you literally “taste” the clean air!

Accelerometers built in this room are so sensitive they can
measure movements we cannot see. In missile inertial guid-
ance systems they can sense acceleration of .003 of an inch
per second per second.

But a tiny speck of dust between their micro-finished surfaces
could make them useless for the ““mind” of a missile.

This type of accelerometer combined with gyroscopes and
advanced electronics results in an inertial guidance system

which is completely self-controlled—it cannot be “brain-
washed.” It needs no commands from the ground. It is in-
vulnerable to ‘“‘jamming’ which might throw it off course.

Hughes is now applying its complete systems experience to
all pertinent areas of creating inertial guidance systems: in-
ertial components, computers, platforms, support equipment,
advanced systems studies.

Hughes inertial guidance systems “marry” the latest
developments in both electronics and mechanics. With this
effort Hughes adds another facet to its broad scientific and
production capabilities. This experience may be useful to
you. We may have the answer to your problem. The result
could be profitable for both of us.

© 1961 SCIENTIFIC AMERICAN, INC
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rainwashed.

Creating a new world with electronics
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HUGHES AIRCRAFT COMPANY

Close-up view of an accelerometer being assembled
in the Hughes dust-free “‘clean room."
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20 AND 100
YEARS AG(

SICENTIFIC| A MERIEAN

JULY, 1911: “Among the most re-
markable recent additions to the modern
equipment for clinical diagnosis are the
so-called heart stations, now in opera-
tion at the Presbyterian and Mount Sinai
hospitals in New York and at the Johns
Hopkins Hospital in Baltimore. The new
apparatus represents the most refined
diagnostic instrument at the service of
the heart specialist. The principle upon
which the new method and apparatus
are designed consists in the observation
of certain electrical currents that accom-
pany and are intimately related to the
characteristic phases of the heart’s ac-
tion. The chief credit for the develop-
ment of this method must be given to
Waller, an Englishman, and especially
to Einthoven, the noted Dutch physiolo-
gist. The latter it is who, in 1903, in his
laboratory at Leiden, devised the so-
called string galvanometer, the most es-
sential feature of the new apparatus.
With the aid of this remarkable instru-
ment the physician can see and record
the oscillations that the string undergoes
as the result of the electric currents gen-
erated in the human heart. While the
coarser features of the characteristic
movement of the galvanometer string
can be followed by eye, for purposes of
obtaining an exact record of all the finer
features it is necessary to resort to pho-
tographic registration. The record thus
obtained is called ‘electrocardiogram.””

“As already reported in this journal,
Capt. Amundsen, who left Norway os-
tensibly for the Arctic regions, where
he proposed to make a five-year drift
across the Polar Sea, recently turned up,
to the surprise of the scientific world,
in the Antarctic. His change of plans has
now been explained by Dr. Nansen in a
letter to the London Times. It appears
that he wrote to Nansen from Madeira
that, owing to the diminished popular
interest in the North Pole since the suc-
cessful result of Peary’s last expedition,
he felt convinced that he would not be
able to raise sufficient money for the
proposed voyage in the Arctic. He there-
fore decided upon the more popular and

24

less expensive plan of vying with Scott,
Filchner and the others in a dash for the
South Pole. A press dispatch, dated June
17, states that Pedro Christophersen, a
Norwegian in business in Argentina, has
agreed to finance Amundsen’s expedition
to the extent of $50,000.”

“Modern progress is not without its
drawbacks, as would appear from the
fact that after being familiar with moun-
tain sickness, we are now to have the
‘aviator’s sickness’ inflicted upon us. This
expression does not mean any slight
upon the numerous contingent of aero-
plane flyers; it refers to an actual sick-
ness that is felt by aeronauts. When
mounting in the air, they find that
breathing becomes shorter when at 5,000
feet height, and this effect is more no-
ticeable than with ordinary balloons.
The heart is noticed to beat faster, but
generally there are no palpitations, and
there is only a slight ill feeling. Buzzing
in the ears is noticed only at a greater
height, about 6,000 feet, although Le-
gagneux felt a cracking noise in the ears
when flying lower than this.”

JULY, 1861: “The public has been
painfully startled by the sudden death
of Mrs. Longfellow—wife of the distin-
guished poet—which took place at Cam-
bridge, Mass., on the 10th inst. The cause
of this afflicting event is thus related:
Mrs. Longfellow was seated in her
library, and in the act of making seals
with sealing wax. A bit of paper lighted
and fell upon her dress, which caught
fire, and before the blaze could be ex-
tinguished she was terribly burned. She
was attended by Drs. Wyman and
Johnson of Cambridge, but their efforts
were vain to alleviate her intense suffer-
ing or to save her life. The dresses com-
monly worn by ladies in warm weather
are composed of muslin and suchlike
inflammable materials. Although we
have, on several occasions, urged the
preparation of ladies’ dresses with non-
inflammable agents, we regret to state
that very little attention has been given
to our admonitions. We trust that the
subject of safety-clothing will hereafter
receive more attention from ladies. Their
own safety and good sense demand this.”

“It is difficult for us to realize the fact,
but we all know that any soldier is in
five times more danger of dying from
malarious disease than of being killed

© 1961 SCIENTIFIC AMERICAN, INC

in battle. What malaria is nobody knows.
It may consist of organisms, either ani-
mal or vegetable, too minute for even
the microscope to detect; or it may be
some condition of the atmosphere in re-
lation to electricity or temperature or
moisture; or it may be a gas evolved in
the decay of vegetable matter. The last
is the most common hypothesis, but it is
by no means proved and it has some
stubborn facts against it. There is no
doubt, however, that malaria is some
mysterious poison in the atmosphere
and that it is confined strictly to certain
localities.”

“A very large capital is now invested
in gold mining in Australia. The number
of miners engaged in obtaining gold is
107,572, of which there are 60,874 Eu-
ropeans and 28,100 Chinese. There are
294 steam engines of the aggregate pow-
er of 4,137 horses; also 3,957 horse
puddling machines, 354 horse gins and
128 water wheels. These are all used in
the alluvial workings. Besides these,
there are used in the quartz mining and
crushing 420 steam engines, equal to
6,696 horse-power, 6 water wheels, 40
horse crushers and 184 horse gins. The
aggregate ratio of the mining plant (ma-
chinery, &c.) is about $6,000,000.”

“City passenger railways, which were
greatly opposed at first in England, are
now becoming quite popular. The two
tracks—only about two miles long—laid
down by Mr. Train in London have been
very successful. No less than 170,000
persons were carried over them in seven
weeks. The Board of Trade has made a
very favorable report upon them, and
two other roads, of greater length, are
now being constructed in the British
metropolis. In Bristol, Portsmouth and
Exeter arrangements are now being
made for introducing the system.”

“A new art of coloring plates of metal
by electricity was described at a late
meeting of the French Academy of Sci-
ences by M. Becquerel. This savant com-
menced his experiments upon the elec-
tro-chemical coloring of metals in 1843.
His object was to deposit upon plates of
gold, silver and copper uniform layers
of the oxyd of lead, which, according to
the duration of the operation, produces
beautiful colors. With a little practice
M. Becquerel was able to produce all the
different shades of colors that he desired.
It has been very difficult to render such
colors permanent, but this has at last
been accomplished, and M. Becquerel
exhibited several samples of these to the
members of the Academy.”



PIONEERING

AT BELL TELEPHONE LABORATORIES

In such an open field as this Dr. Karl Jansky of Bell
Laboratories opened the way to radio astronomy. His
search for a mysterious source of radio noise led him—and
us—to the stars for our answer.

Today Bell scientists continue their pioneering in many
fields—among them the transmission of human voices on
beams of coherent light. Bell Laboratories’ revolutionary
Optical Maser foreshadows the use of light as a whole
new medium of telephone, TV and data communications.

These are but two of the many fundamental T
advances which have come from breaking fresh &*ﬁ
ground at the world center of communications -
research and development.

© 1961 SCIENTIFIC AMERICAN, INC



News from Allied Chemuical:

Dissertation on diisocyanates. Our
National Aniline Division has just
published a booklet describing the ori-
gin and development of those polymer-
formers which make possible that new
family of materials, urethane foams.
It tells why and how these foams foam.

.

Egg bouncing from 12-foot drop shows cush-
ioning properties of flexible urethane foam.

It points out the tremendous density
variations—from 1 to 60 pounds per
cubic foot in weight. It lists present ap-

26

plications—mattresses, apparel inter-
linings, refrigerator insulation—fore-
casts exciting new uses such as prefab-
ricated wall panels for homes. Two
Allied products besides National’s
NACCONATE® diisocyanates and
ACTOL® polyethers go into urethanes:
polyester resins from our Plastics Di-
vision and GENETRON® blowing
agents from General Chemical. Book-
let is informative—and free.

New uses for colored papers. If
you’re engaged in the business of pro-
moting or selling via word or picture,
you’ll be interested in a new brochure
published by our National Aniline Di-
vision. It demonstrates a 2-color proc-
ess reproduction utilizing a tinted
paper which approximates a full-color
effect.It also features a treatise by lead-
ing color authority Faber Birren en-
titled, The Age of Reason for Color.
Purpose of the brochure: to point out
the advantages in using tinted papers
and color-related inks (instead of tra-
ditional black on white) for greater
legibility, less eye fatigue, emotional
and psychological effect. Brochure is
yours for the asking.

Uncommon uses for calcium chlo-
ride. This common compound is now
finding many new uses. There are at
least seven ways in which it can save
time and money in the drilling of oil
wells . . . Neutral Sulfite Semi-Chem-
ical papermakers use it to strengthen
their product at the delicate “wet
web” stage . . . and its many uses as a
processing chemical encompass such
diverse products as portland cement,
metallic sodium, petroleum, synthetic
detergents and herbicides. If a low-
cost, hygroscopic, exothermic com-
pound, in flake or liquid form, might
help your product or process, look
into our Solvay Process Division’s
SOLVAY® Calcium Chloride. 4 wealth
of technical literature is available.

Cost-savings in instrument-air
control. Literally miles of tubing are

© 1961 SCIENTIFIC AMERICAN, INC

often needed to convey air impulses
between control panels and field instru-
ments in chemical processing and pe-
troleum refining. Until lately, copper
was the material used. Now, a new
plastic offers to do the job more

Even right-angle bends are easy to form with
tubing made of flexible PLASKON Nylon.

cheaply —often better. It’s extrudable
PLASKON® Nylon, a special form of
polycaprolactam (nylon-6), from our
Plastics Division. Available in a flex-
ible grade (with no sacrifice of tensile
strength) PLASKON Nylon tubing of-
fers many advantages over copper:
half the cost in sizes under 34”; one-
eighth the weight; flexibility ; continu-
ous lengths; color-codability. Booklet
is available describing advantages and
installation methods, including a cost
analysis of a 125,000-foot installation
at our Hopewell, Virginia, plant.
Write for it.

For literature on any of the above-
mentioned items, just write, on your
company letterhead, to Allied Chemical
Corp., Dept. 71-S,
61 Broadway,
New York 6, N.Y.,
or telephone
HAnover 2-7300.
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Basic to America’s Progress
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Dipped Sonar

Shipboard and Underwater Sonar

Underwater Communication Systems

Search Radar

ABOVE, ON AND UNDER THE SEA—BENDIX SERVES
THE NAVY’S ANTI-SUBMARINE WARFARE TEAM

Ready around the clock to helpprevent
surprise submarine attack, the U. S.
Navy’s Anti-Submarine Warfare Task
Group is an integrated team working
in every area of modern defense—in
the air, on and under the sea.

Helping the Anti-Submarine Task
Group man the nation’s seaward
defenses is a wide range of specialized
equipment—including airborne radar,
shipboard and airborne sonar, under-
water ordnance, surveillance, naviga-
tion, and communication devices—
developed by our Bendix-Pacific
Division.

In the air, Bendix radar equipment
helps carrier-based patrol planes and
helicopters scan the seas for surface

and underwater vessels. Establishing
an underwater listening post for the
Navy’s air arm is a lightweight sonar
system which is “dipped” from a heli-
copter. This system gives the sonar
operator visual range and Dbearing
information as well as audio signals.
For safer landings on aircraft carriers,
the new Bendix®radar altimeter meas-
ures the height of planes over carrier
decks with extreme accuracy.

Under the sea, Bendix® sonar equip-

THE

/)le/

CORPORATION
Fisher Bldg., Detroit 2, Mich

ment permits nuclear, Killer, and radar
picket submarines to detect enemy
submarines at long range. Many of the
Navy’s newer submarines areequipped
with hydraulic steering and control
systems and components furnished by
Bendix-Pacific. Some of these craft use
approximately 300 control valves in
more than 50 different configurations.
Bendix also produces guidance and
control systems for several types of
torpedoes, as well as firing mecha-
nisms for mines and depth charges.

On the surface, Bendix signal proc-
essing devices, working in conjunc-
tion with sonar detection sets, help
ASW ships pinpoint targets . . . strike
swiftly and accurately.

A THOUSAND DIVERSIFIED PRODUCTS SERVING THESE FIELDS:

automotive « electronics « missiles & space « aviation « nucleonics « computer  machine tools « sonar « marine

© 1961 SCIENTIFIC AMERICAN, INC
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The Minuteman at Lex-

ington and Concord was
ready at a moment’s
notice to defend his home.
Today’s Minuteman, a
solid fuel, 6325-mile

range [ICBM — launched

from underground silos or
railroad cars—can be
readied in seconds, to
bring a nuclear war home
to any aggressor! []

Before and during its successful firing last February, Minuteman was tested on the
ground, in transit, in trajectory. Much of this testing — measuring, analyzing, con-
trolling, recording—was done with Consolidated Electrodynamics Corporation
instruments. [] Transducers for test units of Minuteman are made by Consolidated.
CEC oscillographs are used throughout FM /telemetry, PCM, and various ground
support stations for the test program. [] The three data acquisition systems
designed for road testing the first-stage rocket engine have relied on CEC print-out
oscillographs to record accelerations. Various ground-test pressure transducers and

© 1961 SCIENTIFIC AMERICAN, INC



all low-frequency accelerometers used in
first-stage propulsion system tests also were
made by CEC. [J Consolidated instruments played
an important role in road tests to demonstrate that the third-
stage rocket engine could be transported by truck from Utah to

such cities as Denver, Las Vegas, and Seattle, and returned to Utah
and fired successfully. Three test trucks were equipped with instrumentation to
measure shock, vibration, and engine environment. Mounted in the trucks were
three CEC mobile instrumentation systems, each made up of a recording oscillo-
graph, rwo carrier amplifiers, a tape recorder, and Consolidated’s newest strain
gage acceleromerers. Purpose of the tests was to determine if handling and cradling
of the engine could be improved and if strain and stress on motor cases were
excessive. [_] In mobility tests of Minuteman units carried by train, CEC providedall
of the acceleromerers used to determine the extent of shock and vibration to which
the missile is subjected. [7] Partners in this important defense project are Boeing
Airplane Co., Space Technology Laboratories, Autonetics Division of North
American, Thiokol Chemical Corporation, Hercules Powder Company, Aerojet-
General Corporation, and Avco Corporation. [] CEC knows. These companies
know. The world knows. Keep America’s powder horns filled, maintain Instant
Defense, and no enemy will dare to attack. That’s the promise of the Minuteman.

CONSOLIDATED ELECTRODYNAMICS / pasadena, california ‘ E

DATA RECORDERS DIVISION « DATALAB DIVISION « TRANSDUCER DIVISION » ANALYTICAL
& CONTROL DIVISION » CONSOLIDATED SYSTEMS CORP. « CONSOLIDATED VACUUM CORP.

A sussioiary ofr BellssHowell - FINER PRODUCTS THROUGH IMAGINATION
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TWIN-TURBINE HELICOPTER. The Boeing-Vertol 107—fast- land or water. The 107, first twin-turbine helicopter certified by
est, smoothest-riding commercial helicopter now flying—goes into  the FAA for commercial service, has also been ordered for serv-
service with New York Airways this summer. It seats 25 passengers ice in Japan. Military versions have been ordered by U.S. Navy,
in comfort, cruises at 155 mph and operates with equal ease from  Swedish Navy and Air Force, and Royal Canadian Air Force.

Capability has many faces at Boeing

JET-AGE FIRE FIGHTER. Boeing gas tur-

: > . L OXYGEN FOR SPACE. Boeing space medi-
bine engines }I)‘ower fire trucks in San Francisco

cine research includes growth of green algae for
conversion of carbon dioxide into oxygen in
space vehicles. In test, a Boeing researcher has
lived 56 hours on algae-produced oxygen in sealed
space chamber, proving potential of carbon
dioxide-algae-oxygen cycle.

and Seattle. These 330 hp engines weigh only
335 pounds, propel 15-ton trucks from standing
start to 25 mph in 9 seconds.

SPACE GLIDER.Drawing of U.S. Air Force’s
Dyna-Soar manned space glider, designed to
rocket into space, then re-enter the earth’s at-
mosphere for conventional pilot-controlled land-
ing. Boeing is system contractor for Dyna-Soar.

BOEING
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Harbison-Waliker creates new super refractory
. . . by mixing imagination with Alcoa Aluminas

By using the full potential of ALcoa® Aluminas, Harbison-
Walker Refractories Company has developed a remarkable
mullite-bonded corundum refractory that is free of the com-
mon shortcomings of other super refractories.

Called Korundal XD, it combines extraordinary strength,
high density and low porosity. It may be formed into intri-
cate shapes. It is singularly resistant to destructive furnace
atmospheres, abrasion and slag attack. And, significantly,
it is reasonably priced.

Proof of performance? Korundal XD shows no subsi-
dence in the 25 psi, 3,000°F hot load test after 100 hours.
Additional tests showed subsidence of 0.2 per cent after 24
hours at 3,100°F, only 2.0 per cent after 24 hours at
3,200°F, and no spalling loss in the ASTM panel spalling
test after 3,000°F preheat.

Korundal XD has been used successfully as skid rails
in slab heating furnaces and enamel melting furnaces,
as kiln furniture in operations too hot for cordierite and
silicon carbide, and in checker chambers where very high

temperatures are encountered. Promising new applications
include vertical lime kilns, vanadium pentoxide fusion fur-
naces, combustion areas of carbon black furnaces, electric
furnace roofs and tapping holes of iron blast furnaces.
Clearly, Korundal XD is destined for the super blast fur-
naces of the future.

ALCOA does not make refractories, but we do supply
in unlimited quantity the quality aluminas that make modern
refractory performance possible. We shall be happy to send
more information. Please write to ALUMINUM COMPANY OF
AMERICA, 701-G Alcoa Building, Pittsburgh 19, Pa.

For exciting drama watch*“Alcoa Presents’” every Tuesday evening—ABC-TV

' ALCOA CHEMICALS

A

ALUMINUM COMPANY OF AMERICA

A product of ceramic engineering
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PHILIP M. HAUSER (“The Census
of 19607), chairman of the department
of sociology at the University of Chicago
and director of Chicago’s Population Re-
search and Training Center, is currently
chairman of the Technical Advisory
Committee for the census of 1960. He
was also acting director of the census of
1950. Hauser took three degrees at Chi-
cago, receiving a Ph.D. in sociology in
1938. From 1938 to 1942 he was assist-
ant chief statistician for population in
the Bureau of the Census and until 1947
served as acting director of the bureau.
In 1947 Hauser became the U. S. repre-
sentative to the Population Commission
of the United Nations, a position he held
until 1952. He has also been a director
of the Social Science Research Council
and a vice-president of the American
Association for the Advancement of Sci-
ence. This is his second article for
ScIENTIFIC AMERICAN; the first, on the
census of 1950, appeared in April, 1951.

SHELDON PENMAN (“The Muon”)
is assistant professor of physics in the
Enrico Fermi Institute for Nuclear
Studies at the University of Chicago. He
took a B.S. in physics while working in a
Naval Ordnance laboratory, did gradu-
ate work at Columbia University and
acquired his Ph.D. there in 1958. Pen-
man, who joined the Enrico Fermi In-
stitute in 1959, has been engaged in
research on muons (mu mesons) for the
past three years. At present he is doing
experimental work on the capture of
muons by atomic nuclei.

JOHN P. MERRILL (“The Artificial
Kidney”) is director of the cardiorenal
section at the Peter Bent Brigham Hos-
pital in Boston and assistant professor
of medicine at the Harvard Medical
School. He received his B.A. from
Dartmouth College in 1938, his M.D.
degree from Harvard in 1942 and from
1943 to 1947 was a physician in the
Army Air Force. Merrill has been en-
gaged in research on the artificial kidney
since 1947, when he returned to Peter
Bent Brigham as an Established Investi-
gator for the American Heart Association
to study the effects of changes in body
fluids on heart action. When Merrill and
his co-workers found that the artificial
kidney provided. only temporary relief
for patients with chronic kidney disease,
they began work on the problem of
kidney transplants. The first successful
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transplant was performed in 1954. In
recent years Merrill has employed the
artificial kidney chiefly as a research tool.
Merrill, who is also an Investigator of
the Howard Hughes Medical Institute,
was the author of “The Transplantation
of the Kidney” in the October 1959 issue
of SCIENTIFIC AMERICAN.

MORRIS NEIBURGER and HARRY
WEXLER (“Weather Satellites”) are
respectively chairman of the department
of meteorology at the University of Cali-
fornia at Los Angeles and director of
meteorological research for the U. S.
Weather Bureau. Neiburger received a
B.S. from the University of Chicago in
1936 and a Ph.D. there in 1945. He
worked as a meteorologist for the
Weather Bureau from 1930 to 1940,
taught for a year at the Massachusetts
Institute of Technology and then joined
the faculty of U.C.L.A. Wexler took a
B.S. degree at Harvard University in
1932 and in 1939 received a D.Sc. from
the Massachusetts Institute of Tech-
nology. He went to the Weather Bureau
as a meteorologist in 1934. Wexler was
chief of the Weather Bureau’s Scientific
Services Division from 1946 to 1955, at
which time he took his present position.
He was chief scientist of the U. S. Ex-
pedition to the Antarctic for the Inter-
national Geophysical Year.

AARON B. LERNER (“Hormones
and Skin Color”) is professor of medi-
cine and head of the section of derma-
tology at Yale University School of
Medicine. Lerner attended the Univer-
sity of Minnesota, where he first began
doing research on pigmentation under
the direction of L. Earle Arnow in 1939.
He received a B.A. from Minnesota in
1941, a Ph.D. in physiological chemistry
in 1945 and an M.D. degree in 1946.
After serving for two years in the U. S.
Army Medical Corps, Lerner spent a
year in the department of biochemistry
at Western Reserve University Medical
School working with H. G. Wood. From
1949 to 1952 he was assistant professor
of dermatology at the University of
Michigan Medical School and then
went to the University of Oregon Medi-
cal School. He joined the faculty of Yale
in 1955.

DONALD S. BLOUGH (“Experi-
ments in Animal Psychophysics”) is as-
sociate professor of psychology at Brown
University. As an undergraduate at
Swarthmore College, Blough became in-
terested in animal psychophysics while
taking a seminar course with the famous
Gestalt psychologist Wolfgang Kaéhler.
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After receiving his B.A. from Swarth-
more in 1951 Blough did graduate work
at Harvard University, acquiring a Ph.D.
in 1955. He was a research psychologist
for the National Institute of Mental
Health from 1954 to 1958, at which time
he joined the faculty of Brown.

WILLIAM B. ITTNER III and C. 1B
KRAUS  (“Superconducting Compu-
ters”) are respectively a physicist and an
electrical engineer who work for the
International Business Machines Corpo-
ration. Ittner is manager of cryogenics
research and engineering at the IBM
Research Center. He attended the Uni-
versity of Chicago, the Massachusetts
Institute of Technology and Washing-
ton University, received a Ph.D. in
radiation physics from the last in 1953
and went to IBM later that year. He is
currently directing a program to deter-
mine the feasibility of building large,
high-speed, low-power computers using
superconducting switches. Kraus is head
of the Advanced Technology Develop-
ment Division in the Federal Systems
Division of IBM. He was graduated from
Polytechnic Institute of Brooklyn with a
degree in electrical engineering in 1943
and served in the Army Signal Corps
until 1946, working on the operation and
maintenance of search and gun-laying
radar. After going to IBM in 1953, Kraus
worked primarily on the design of radar-
mapping and memory-drum equipment
for a vacuum-tube data processor used as
part of an air-defense system. He became
interested in superconducting computers
about five years ago, he writes, when
“plans for the future generations of com-
puting machines began to evolve.”

MARTIN LUSCHER (“Air-condi-
tioned Termite Nests”) is professor of
animal physiology at the Zoological In-
stitute of the University of Bern in Swit-
zerland. Born in Basel in 1917, Liischer
attended the university there and ac-
quired a Ph.D. in 1944. After four years
of postgraduate research in England and
France he joined both the faculty of the
University of Basel and the scientific
staff of the Swiss Tropical Institute.
Liischer, whose chief research interest is
caste differentiation among termites,
traveled to East Africa in 1949 to study
tropical termites. He took his present
position following a second trip to Africa
in 1953.

HENRY S. CHURCHILL, who in this
issue reviews Lewis Mumford’s The City
in History, is an architect and city
planner who lives in Philadelphia. He is
the author of The City Is the People.



With the help of a Fairy Godmother, Cinderella had no
difficulty finding a coach-and-four, footmen and even a
husband. But today, with the help of Sinclair petrochemi-
cals, manufacturers are creating products more wondrous
than even Cinderella’s Fairy Godmother could dream of.

For example, in the plastics and synthetic fibres industries,
Sinclair petrochemicals are indispensable raw materials

116 from Cindere/la

being used in the development of countless new and excit-
ing products. Even when you add the new developments in
paints, fertilizers, insecticides and detergents, you’ve only
scratched the surface of profitable opportunities.

Sinclair supplies petrochemicals in both quality and quan-
tity. Shipping and production schedules are set up to meet
the most stringent demands. The purity of Sinclair petro-
chemicals sets industry standards.

SINGLAIR PETROGHEMICALS, INC.

600 Fifth Avenue, New York 20, N.Y.e 1565 N. Wacker Drive, Chicago 6, lll.

PARAXYLENE — PROPYLENE (99+ %) — ORTHOXYLENE — DURENE (1,2,4,5-TETRAMETHYLBENZENE) — ANHYDROUS AMMONIA — AMMONIUM NITRATE SOLUTIONS -
AQUA AMMONIA—NITROGEN FERTILIZER SOLUTIONS—ALIPHATIC SOLVENTS—ODORLESS SOLVENTS—AROMATIC SOLVENTS—HEAVY AROMATIC SOLVENT—TOLUENE
(NITRATION GRADE)—XYLENE (FIVE DEGREE) —SULFUR—SULFONATES (OIL SOLUBLE)— CORROSION INHIBITORS —LUBE OIL ADDITIVES— HEPTENES— NONENES
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You are

looking at a

vital
contribution
to ICBM

readiness...

...a digital systems
achievement from
Hewlett-Packard’s
Dymec Division




ROGRES

IN AMERICA'S DEFENGSE

depends in good measure on constantly increasing the reliability of electronic com-
ponents. Only through precise quality control measurement of hundreds of thou-
sands of components can reliability be increased to the degree required for ICBM
readiness. Such measurements must be repeated and recorded over periods of
months, even years.

Engineers of Hewlett-Packard’s Dymec Division, working with scientists of Minute-
man’s prime contractors, developed the measuring system expected to provide a
dramatic increase in reliability for resistors, capacitors and diodes. The Dymec
system simultaneously subjects vast numbers of components to Minuteman operat-
ing conditions, measures their performance and provides recorded data on each—
quickly, accurately and repetitively.

For defense, for industry and for science, & provides precision electronic tools for
making ordinary and extraordinary measurements dependably and easily. With its
divisions and subsidiaries, & produces instruments ranging from basic bench-top
oscillators and voltmeters to elaborate systems for intricate tasks of measurement.
In developing new tools for measurement, @& engineers work in an invigorating
atmosphere which rewards initiative and offers freedom of action. Company-spon-
sored research in the world’s most modern electronic laboratories promises a con-
tinuing flow of contributions to scientific progress.

& seeks to engineer info each instrument
a genuine contribution

to the art of measurement

Dymec Division of Hewlett-Packard provides specialized instruments and
multi-instrument systems for data handling, component testing, and process
control applications. In the Minuteman component testing system, periodic
checks and permanent records are made on performance characteristics of
electronic components. New components are mounted on circuit boards
which are plugged into storage racks and kept under operating power.
Periodically these boards, each containing up to 200 components, are placed
in the Dymec system. Components are tested at a rate of about one per
second; several values may be measured simultaneously. Complete performance
records on punched cards determine whether components are to be

included in Minuteman equipment or discarded.

HEWLETT-PACKARD COMPANY

1501 Page Mill Road, Palo Alto, California Hewlett-Packard S.A., Geneva

Sales representatives In all principal areas 6981
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Applied Physics

Laboratory

The

Johns Hopkins

L ECTRONIS KNGANRRRS: L PHTAICIETS University

CREATOR OF COMPLETE
The 800-man professional staff of the Applied Physics Laboratory plays a significant role in advancing the MISSILE AND
frontiers of science and strengthening the nation’s defense. The scope of the Laboratory’s activities em-

braces development and design engineering, theoretical and experlmental research, and
systems synthesis and analysis. SATELLITE SYSTEMS

Scientists and engineers seeking an intellectually stimulating atmosphere and opportunities to make original INCLUDING

contributions are invited to join our professional staff. Highly attractwe posmons are avallable in the follow-
ing fields: - TRANSIT

Circuit analysis and design for microelectronic applications * Solid state and thin films  Missile guidance and T YPHON
control systems ¢ Missile flight instrumentation and analysis ¢ Data storage and processing systems ¢ Digital

and analog computer techniques ¢ Missile and satellite communication links Telemetry . Mncrowave appli-
cations and circuits * Antennas * Reliability engineering. » F— v e TALOS

APL's modern facilities are located in Howard County, Maryland, equidistant from Washington and Baltimore, =~ TARTAR
and in Silver Spring, Maryland, a residential suburb of Washington. Both locations afford a choice of city,

suburban, or country living. The area is known for its high living standards, excellent public schools, and ex-
tensive opportunities for graduate study. TERR'ER

Address your inquiry to: Professional Staff Appointments, The Applied Physics Laboratory, The Johns Hopkins University
8641 Georgia Avenue, Silver Spring, Maryland
All qualified applicants will receive consideration for employment without regard to race, creed, color or national origin.
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THE HOT RIDE HOME FROM SPACE

The rocket propelled manned aircraft that will soon
probe into space will glow like a tossed rivet when it
plunges into the atmosphere on its way back to earth.

Where did the designers find a metal to take such heat
without crumpling or burning up? From Inco Research.

Even before the space age asked for it, Inco Research
had already developed a nickel alloy having the required
hot-strength and resistance to oxidation at cherry red
heat. More than 250 different compositions were devised,
melted, age-hardened and tested for high temperature
properties.

At last, this systematic approach achieved a break-
through —the addition of a critically small amount of

an alloying element coupled with an ingenious new con-
cept of a triple-stage age-hardening treatment opened
the way. The result was Inconel “X”* alloy, now being
used for the entire exterior surfaces of manned vehicles
currently under test for man’s first flight into space.

Perhaps Inco Research has already developed what
could be a successful answer to your metal problem too.
It’s easy to find out.

*INCO trademark

"&}% THE INTERNATIONAL NICKEL COMPANY, INC.
67 WALL STREET, NEW YORK 5, N. Y.

INCO RESEARCH
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Sigmund Freud...on the fateful question

“The fateful question of the human species seems to me
tc be whether and to what extent the cultural process
deve]oped in it will succeed in mastering the derange—
ments of communal life caused by the human instinct
of aggression and self-destruction. In this connection,
perhaps the phase through which we are at this moment
passing deserves special interest. Men have ]orought their
powers of su]oduing the forces of nature to such a pitch

THE RAND CORPORATION,

that ]oy using them they could now very easi[y extermi-
nate one another to the last man. They know this —
hence arises a great part of their current unrest, their
dejection, their mood of apprehension. And now it may
be expectec[ that the other of the two ‘heaven[y forces,’
eternal Eros, will put forth his strength so as to maintain
himself alongside of his equaHy immortal adversary."

— Civilization and its Discontents, 1930.

SANTA MONICA, CALIFORNTIA

A nonprofit organization conducting multidisciplinary research in the physical and social sciences and engineering on problems related

to national security and the public interest. Raxp social scientists draw on political science, sociology, psychology, history, and other

social sciences for insight into the political uses of military capabilities in peacetime and the political and social contexts of weapon
emp]oymenl in wartime. They apply specia] area and language ]mowledge to many of these problems.
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The Census of 1960

Detailed figures from the decennial head count show the population

is concentrated more than ever in metropolitan areas. Families are

larger, households smaller and the people both vounger and older

rticle I of the Constitution of the
A United States sets up a House of
Representatives in which the sev-

eral states are 1’epresented in proportiou
to their population. The decennial cen-
sus, taken each decade since 1790, fur-
nishes the head count necessary to allo-
cate the seats in the House. Incidental to

200 - —

(THOUSANDS )

POPULATION

1900 1910

INCREASE IN U. S. POPULATION since the 1940 census (colored
bar, identified by vear at bottom) has reversed the population
trend reflected in the four earlier censuses taken in this century.
The per cent gain in population (light-colored portion of bars)
was greatest in the first decade (1910 census). For the next three

by Philip M. Hauser

this function the census also presents the
nation with a revealing picture of itself.
From the meager information asked of
each person, the facts developed about
the nation as a whole provide a secure
basis for an understanding of the major
trends in its life and for the formulation
of public policy. The 18th decennial cen-

1920 1930
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1940

sus of 1960 has already served its con-
stitutional purpose; the new total popu-
lation figures were reported to the
President for transmittal to the Congress
in advance of the statutory date of De-
cember 1, 1960. Now, thanks to recent
progress in the technology of data proc-
essing, some of the significant details in

1960

1950

decades the gain fell substantially, reaching its lowest point in
the decade of the depression (1940 census). Following the postwar
marriage and baby booms, the rate of increase doubled (1950
census). The 1960 census shows that this new population trend is
continuing. The per cent gain is the second largest of the century.
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the national self-portrait are available
for consideration.

The principal findings of the 1960
census may be summarized in a series of
seemingly paradoxical statements. The
population, for example, stood at a new
high (179,323,175 on the day of the
census: April 1, 1960). Yet more than
half the counties in the U. S. had smaller
populations than they had had at the
time of the 1950 census. The population
was more than ever concentrated in ur-
ban regions. Nonetheless, 73 cities, in-
cluding 11 of the 12 largest, lost popula-
tion. Americans were younger on the
average than in 1950; the median age of
the population had declined for the first
time in 170 years. But the population
was also older, as measured by the pro-
portion of men and women 65 years old
or more. The American family was larger
than in 1950, but the American house-
hold had grown smaller.

On closer inspection these apparent
contradictions in the quantitative re-
sults yield clear insights into some of
the fundamental qualitative changes
now taking place in the life of the coun-
uy. They show that the U. S. is still on
the crest of an upsurge in the rate of
population growth that began in the
1940’s, reversing the historical trend.
The remarkable alterations in the distri-
bution and composition of the popu-
lation reflect the nation’s continuing
adjustment to the highest level of materi-
al well-being ever achieved by man.

Between 1950 and 1960 the popula-
tion increased by 28 million; this increase
was half again as great as the increase
of 19 million between 1940 and 1950,
the largest previous increase in the na-
tion’s history. The percentage gain—18.5
per cent—was the second largest in this
century; it is exceeded only by the 21
per cent gain between 1900 and 1910,
and it is more than 2.5 times greater than
the 7.2 per cent gain in the depression
decade of the 1930’s.

Wartime full employment and eco-
nomic recovery started the upturn in
the rate of population growth during the
1940’s. The trend was accelerated by
the great marriage and baby booms that
followed demobilization. In 1946 the
marriage rate reached a peak of 16.4
marriages per 1,000 persons, or 121 mar-
riages per 1,000 unmarried females, as
against the corresponding rates of 7.9
and 56 in 1932, at the bottom of the de-
pression. The birth rate since 1946 has
hovered close to 25 births per 1,000
people, compared with a low of 17.4 in
the depression years. During the 1950’s
some 41 million babies were added to
the population. This increase plus a net
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immigration of three million (immigrants
minus emigrants) was offset by some 16
million deaths to yield the net total popu-
lation increase of 28 million.

he rate of increase during the 1950’s,
- about 1.8 per cent per year, was
equal to the rate of increase of the world
population—said to be undergoing an
“explosion.” This country’s rate of in-
crease, however, was the result of a
birth rate and death rate far below the
world average. Mortality had fallen to
such a low level that even though the
birth rate was half that of 1800, it was
high enough to produce a relatively great
growth rate. Should the present birth
rate be sustained it will increase the
population of the U. S. to 214 million
by 1970, to 260 million by 1980 and by
2050—a date that some people now alive
will live to see—to one billion!

For the purpose of reapportioning
seats in the Congress, the decennial cen-
sus is concerned with the geographic
distribution of the population increase
by states. Geographic distribution car-
ries many other social and economic im-
plications as well. In the 1960 census
the 13 Western states showed by far the
lnrgest increase, continuing a trend es-
tablished in 1850, when this region first
appeared in the census. The population
of the West increased by 39 per cent,
compared with the 16.5 per cent gain of
the South and North Central regions and
the 13.2 per cent gain of the Northeast.
In absolute number the West gained 7.9
million people, nearly a third of the
national total. The South showed almost
as large an increase, 7.8 million; the
North Central region gained 7.2 mil-
lion and the Northeast 5.2 million. Al-
though the West is still the smallest of
the four regions in population terms, its
share of the total national population
moved up from 13 to 16 per cent.

The redistribution of the increase in
population shows even greater dispari-
ties when it is analyzed by states. More
than 60 per cent of the national increase
was accounted for by the population
growth of eight states. California alone
gained 5.1 million inhabitants; with con-
tinued rapid growth beyond its present
total population of 15.7 million, that
state will displace New York (16.8
million) as the most populous state in
the course of the present decade. Florida
showed the second largest increase in
numbers (some two million new inhabi-
tants) and by far the largest relative
growth (78.7 per cent), moving up from
20th to 10th place in the ranking of the
states by population. At the other ex-
treme three states—Arkansas, Mississippi
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and West Virginia—actually posted de-
creases in population for the decade.

In this determination of the changes
in population distribution by states the
decennial census has a direct effect on
the distribution of political power in the
nation. Since the total membership of
the House is fixed at 435, the states that
have gained population are entitled to
an increase in the number of their rep-
resentatives at the expense of the oth-
ers. The West is now due to gain 10
seats, while the Northeast is to be the
principal loser, giving up seven repre-
sentatives. California will gain the most
representatives, a total of eight, bring-
ing that state nearly abreast of New
York, which is to see its representation
reduced by two seats to 41.

REDISTRIBUTION OF POPULATION in
the U. S., when mapped by counties and
Standard Metropolitan Statistical Areas
(SMSA’s), reveals the trend toward in-
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Even more important than the shift in
political power called for by the results
of the 1960 census are the basic social
and economic changes that it indicates.
Natural increase—the excess of births
over deaths—accounts for most of the
growth of the national population. On
the other hand, it is migration that large-
ly explains the differential growth of
states, particularly that of the fastest
growing states. Favorable climate and
economic prosperity attracted large
numbers of people to Florida and Cali-
fornia. Conversely, declining resources
and economic stagnation underlie the
experience of the states that gained lit-
tle or lost population.

A deeper and more truly nation-wide
trend emerges when the redistribution

of population is mapped by counties [see
illustration on these two pages]. The
more than half of the counties of the
total of 3,072 that lost population in the
midst of the natienal population boom
are predominantly the rural counties.
Declines in county populations were
largely the result of the out-migration of
farming people or of residents of eco-
nomically depressed areas.

As it has ever since 1790, the decen-
nial census once again has shown a
greater increase in urban than in rural
population. The census draws the divid-
ing line between “urban” and “rural” at
communities of 2,500 inhabitants, in-
cluding as urban also the inhabitants of
the urban fringe of cities of 50,000 or
more. The increase in urban population

between 1950 and 1960 accounts for the
entire national population increase; the
urban population increased by 30 per
cent, while the rural declined about 1
per cent. The urban population accord-
ingly rose from 64 to 70 per cent of the
total.

An important and relatively new unit
in the statistics kept by the Federal Gov-
ernment is the Standard Metropolitan
Statistical Area (SMSA)—in general, any
central city of 50,000 or more inhabitants
together with the county in which it is
located and such adjoining counties as
are economically and socially oriented to
the central city (or cities). In 1960
nearly 113 million people, 63 per cent
of the total population, lived in 212
SMSA’s; in 1950 less than 85 million

counties are not shown. More than half the total number of coun-
ties lost population. The white dots within the SMSA’s rep-
resent central cities that lost population. Of the 12 largest cities
in the U. S., Los Angeles was the only one to gain in population.

creased urbanization. Shown here are: (1) counties that lost popu-
lation (white areas), (2) counties that gained (gray areas), (3)
SMSA’s that gained (solid-colored areas) and (4) SMSA’s that lost
(white areas bordered in color). The boundaries of individual
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EASTERN MEGALOPOLIS consists of 34 SMSA’s and extends from the southeastern tip
of New Hampshire to Washington, D.C. All SMSA’s except Jersey City gained in popula-
tion (colored areas). Of the 45 central cities they contain, however, 28 lost population;
Washington, D.C., and three counties of the New York SMSA are shown as white areas
bordered in color; other central cities that lost appear as white dots. The SMSA is a statisti-
cal unit used to define populated areas that contain cities of 50,000 or more inhabitants.

42

© 1961 SCIENTIFIC AMERICAN, INC

INDON-GROTOMN - NORWICH

vl
ATLANTIC CITY

people, about 57 per cent of the total,
lived in 168 such areas. Thus the in-
crease in the metropolitan population of
the country accounts for almost all (97
per cent) of the population increase in
the decade.

The 170-year trend toward an urban
and industrial way of life now leads to
the concentration of the population in a
relatively small number of large metro-
politan agglomerations. This concentra-
tion reflects, of course, the character of
the nation’s technological development
and economic organization. In spite of its
many physical and human problems, the
large population agglomeration is the
most efficient producer and consumer
unit mankind has yet devised.

As a statistical unit the SMSA permits
the measurement of suburban growth
compared with central city growth. The
magnitude of suburban growth during
the 1950’s must be placed in historical
perspective to be appreciated. During
the first four decades of this century the
suburbs absorbed less than one-third of
the total population increase. Between
1940 and 1950 the growth of the suburbs
represented half of the increase. In the
1960 census the suburban areas account
for fully two-thirds of the increase in
population over 1950.

The suburban boom explains the pop-
ulation losses of the nation’s largest
cities. As the internal statistics of many
SMSA’s show, the boom has been at-
tended by a central-city bust. While the
suburban population was rising by 49
per cent (almost three times faster than
the nation as a whole), central cities
gained only 11 per cent, little more than
half the national rate. More than one-
fourth of the central cities experienced
population losses in the decade. Of the
five largest only Los Angeles showed an
increase. The other four (New York,
Chicago, Philadelphia and Detroit) and
the next seven largest cities (Baltimore,
Cleveland, St. Louis, Washington, Bos-
ton, San Francisco and Pittsburgh) all
lost inhabitants. The census data actually
understate the relative decline of the
central city, because the boundaries of
central cities do not remain fixed—there
was considerable annexation of territory
to central cities during the decade. Cen-
tral cities that failed to extend their geo-
graphic domain actually lost population,
shrinking by 4.2 per cent; central cities
that grew by annexation showed an in-
crease of 21 per cent, accounting for the
entire increase in city population. In
general the central cities that lost popu-
lation were those in the largest and most
densely populated SMSA’s; their popula-
tion losses may be attributed in part to a



deliberate effort to reduce such density,
that is, to land clearance for urban re-
newal, expressways, civic centers and
other public works.

Over the territory of the nation as a
whole the density of population has
about doubled since 1900, increasing at
each census as the population increased.
In 1960 the density was 50.5 people per
square mile, down a fraction from the
50.7 figure of the 1950 census. The ready
explanation for this paradox is the ad-
mission of Alaska and Hawaii to the
Union, the first major change in the geo-
graphical region covered by the census
of the U. S. since Oklahoma was first
counted in the census of 1890. If the two
new states had been counted in the 1950
census, the national population density
would have been 42.6 people per square
mile. At 50.5 people per square mile, the
present density of the U. S. population
is not far below the world average of
about 55 people per square mile. The
most densely populated state (Rhode
Island, with 812 people per square mile)
compares with the most densely popu-
lated nation (the Netherlands, with 890
people per square mile). On the other
hand, Alaska, with only one person for
each 2.5 square miles, had a density well
below that of nations with the lowest
density: Canada has four people per

% 0—10 PER CENT INCREASE
m 10 — 20 PER CENT INCREASE
m 20 PER CENT OR MORE INCREASE

POPULATION CHANGE as determined by the 1960 census will
be the basis for the reapportionment of representatives to Con-
gress. Population gains and losses are explained in the legend at

square mile, Australia has three and
Libya two.

As to the composition of the popula-
tion, the census has interesting informa-
tion to offer because it records each
person by sex, age, color or race and
family or household connection. These
data add important dimensions to the
picture of the nation.

The U. S. now has a larger female
population than male. This situation first
appeared in the 1950 census, which
showed 99 men for each 100 women. In
1960 the sex ratio had declined further,
to 97 men for each 100 women. The de-
cline in the ratio of males reflects the
greater longevity of women as well as
the decrease in immigration of new pop-
ulation from abroad, which was pre-
dominantly male. The 1960 sex ratio
also reflects, in part, the omission from
the population count in the 50 states of
males stationed abroad as members of
the armed forces—a figure yet to be made
available.

For the first time in the historv of
the U. S. the average (median) age of
the population declined between cen-
suses. In 1950 the median age was 30.2
years, culminating a process of aging re-
corded in each census since 1790. Unlike
the individual person, however, a popu-
lation can grow younger as well as older.
In 1960 the median age of the popula-
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tion of the U. S. was 29.5 years—that
is, the average American had grown .7 of
a year younger between 1950 and 1960.
This decline in median age reflects, of
course, the baby boom, which has so
greatly increased the proportion of
younger people in the nation. The aver-
age American, however, was still con-
siderably older than his counterpart in
1800, who was about 16 years old.

The younger population also counted
a relatively larger number of old people

%

bottom left. Numbers on the map indicate the representation that
each state will have in the next Congress. Numbers in parentheses
show gains and losses that will result from reapportionment.
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among its members than ever before. By
this index the population of the U. S.
continued to age between 1950 and
1960. During the decade the number of
people 65 years old or older increased by
about 35 per cent, a growth rate almost
twice that of the nation as a whole. The
growth rate of the population under 18
years old, however, was even greater
(about 37 per cent), and this accounts
for the net decrease in the median age.
At the same time the population of in-
termediate ages—18 to 64 years—in-
creased by only 7.2 per cent, and the
20- to 29-year-old group, reflecting the
low depression birth rate of the 1930,
actually declined in number between

1950 and 1960.

These shifts in the age composition of

the population had considerable bear-
ing on political and economic develop-
ments during the decade. The stress on
the educational resources of the country

can be measured by the fact that young-
sters of elementary school age (five to
14) increased in number by 45 per cent
during the decade, from 24.4 to 35.4
million. Those of high school age (15 to
19 years) increased by 23 per cent, from
10.7 to 13.2 million. At the other ex-
treme, the problems of old age came to
the fore in national politics during the
1960 presidential campaign.

The question about race on the census
form yielded the finding that the non-
white population of the U. S. continued
to increase more rapidly than the white,
a trend that began in 1920. Between
1950 and 1960 the nonwhite population
increased by about 26.7 per cent; the
white increase was 17.5 per cent. The
Negro population, which made up al-
most 93 per cent of the nonwhite, in-
creased by 25.4 per cent during the
decade to a total of 18.9 million, or a
little more than 10 per cent of the total.

The 1960 census also showed that the

MALE

Negro migration from the South, which
began in large numbers during World
War I, continues unabated. As recently
as 1910 more than 90 per cent of the
country’s Negro population lived in the
South. In 1960 that figure had fallen to
60 per cent, with 34 per cent living in
the Northeast and North Central regions
and 6 per cent in the West. The number
of Negroes in the North increased dur-
ing the decade from 4.2 to 6.5 million,
or more than 50 per cent; the number
in the West about doubled, increasing
from less than 600,000 to well over a
million.

The Negro migration from the South
is also a migration from rural to metro-
politan areas. But the Negroes have not
participated in the settlement of the
suburbs in proportion to their numbers.
As relatively new in-migrants, they have
been concentrated in the inner central
cities of metropolitan areas [see “Metro-
politan Segregation,” by Morton Grod-
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AGE AND SEX DISTRIBUTION of the population as determined
by the 1950 census (dark color) is compared with the distribution
according to the 1960 census (light color). In the three lowest
age groups males outnumbered females in both censuses. Overall,
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however, the female population is larger than the male, and the
ratio of men to women has shown a decline from what it was in
1950. Small, unshaded areas in the age groups “20 to 24” and “25 to
29” represent population losses in those age groups since 1950.



zins; SciENTIFIC AMERICAN, October,
1957]. The Negro population of the cen-
tral cities in the 25 largest SMSA’s
ranged from less than 3 per cent of the
total (Minneapolis—St. Paul) to 54 per
cent of the total (Washington). In the
five largest SMSA’s the central-city
Negro population constituted 14 per
cent of the total in New York, 23 per cent
in Chicago, 26 per cent in Philadelphia,
13 per cent in Los Angeles and 29 per
cent in Detroit.

Other nonwhite peoples showed a
proportionately high growth rate. Their
numbers are, of course, relatively small
and subject to some error in counting.
Chinese, according to the 1960 census,
increased by 58 per cent during the
decade to reach a total of 237,000;
American Indians, by 47 per cent for
a total of 524,000; Filipinos, by 44 per
cent for a total of 176,000; Japanese, by
42 per cent for a total of 464,000.

As in 1950, the 1960 census showed
that roughly two-thirds of the people 14
years old or older were married. The
effect of the postwar marriage boom was
reflected in the fact that the population
14 years old or older increased by 12.6
per cent and the number of married peo-
ple increased at twice the rate of single
people: 14 per cent compared with 7
per cent. The effect of the baby boom
was reflected in the increase in average
family size, from 3.54 to 3.68 people.

While families (defined in the census
as consisting of two or more people liv-
ing together and related by blood, mar-
riage or adoption) increased in size, the
average size of the American household
(defined as the dwellers of a housing
unit) declined from 3.42 to 3.29 people
between 1950 and 1960. The shrinkage
of the household is another trend that
has held in all censuses since the first
one. It reflects the continuing transition
from the “large,” or three-generation,
household to the “small,” or two-genera-
tion, one; and also the considerable in-
crease in one-person households. Adult
children, whether married or single, are
tending to live apart from their parents
and in-laws; the number of people living
alone or with nonrelated people in-
creased by 80 per cent to reach a total
of 8.4 million in 1960.

"I he changes in our population growth,

distribution and composition have
many implications. There is no doubt
that in the short run, at least, rapid popu-
lation growth has contributed to the ex-
pansion of markets and of production to
supply them. But the continuation of the
present rate of growth could in the long
run contribute to chronic unemploy-

PER CENT
HOUSEHOLD RELATIONSHIP 1960 1950 INCREASE
(THOUSANDS] | (THOUSANDS) 1950 TO 1960
TOT 150,845 18.9
IN HOUSEHOLDS 1743 145,116 20.2
HEAD OF HOUSEHOLD 42.394 251
HEAD OF PRIMARY‘FAM!L? 44,670 37,758 18.3
PRIMARY [NDI\/IDUAL - 8,351 4,636 80.1
WIFE OF HEAD ‘ 39,210 33,378 17.5
CHILD UNDER 18 OF HEAD 59,582 - 42,255 41.0
OTHER RELATIVE OF HEAD ]‘(;,"592 o 23
TIVE OF HEAL 2,968 4,069
IN GROUP QUARTERS 1,950
W INMATE OF INSTITUTION 1,916 1,574 21.8
OTHER 3,034 4,155
| INDIVIDUALS INDIVIDUALS
POPULATION PER HOU.SEH.OLD 3.29 3.42
POPULATION PER FAMILY . 3.68 3.54 4.0

SIZE OF FAMILY AND OF HOUSEHOLD followed opposite trends between 1950 and
1960. “Population per Family” (bottom) increased 1.0 per cent, while “Population per
Household” (or dwellers per housing unit) decreased (color) 3.8 per cent. This “household
shrinkage” can be compared with increases and decreases in various household categories.

ment, threaten the standard of living,
accelerate intervention by the Govern-
ment in economic and social affairs and
produce a host of deleterious long-run
consequences, which would more than
offset short-run gains.

The increasing concentration of the
population, as measured by greater
urbanization, also contributes to the na-
tion’s high standard of living and the
advance of its educational, intellectual
and cultural activities. But it is a key
factor in many of the acute problems
plaguing our metropolitan areas: physi-
cal problems such as urban renewal and
transportation; and human problems
such as unemployment, crime and de-
linquency, political corruption and fric-
tions among ethnic groups. The U. S. is
only now, during this decade, complet-
ing its first half-century as an urban so-
ciety—a nation in which more than half
the people live in urban places.

The rapidly changing age structure,
arising mainly from fluctuations in the
birth rate, creates serious problems for
those concerned with the education and
welfare of youth—including the schools
at every level, the church, health and
welfare agencies and, most important,
the family. It has important conse-
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quences for labor also, for employers of
labor, for producers of consumer goods
and services and for the armed forces.
On the other hand, the long-run decline
in fertility together with the decline in
mortality and the increase in life expect-
ancy confront the nation with the task
of providing for an ever growing popu-
lation of elderly people. Finally, the
shifting rate of household formation and
the changing pattern of household and
family size has helped to generate de-
mand for new housing and for goods
consumed by households and plays a de-
cisive role in determining the comfort,
happiness and security of the individual.

These and many other considerations
show how the decennial census has be-
come more than a head count for pur-
poses of apportionment of representa-
tion. Even the limited information avail-
able at this early stage in the processing
of the data reveals significant facts about
our changing nation. The facts provide
a better basis for understanding the past
and future of the U. S. as well as the
present and for taking such action as
may be required by business, labor and
the Government, in fact by every sector
of our economy and society, to maintain
and advance the general welfare.
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THE MUON

This fundamental particle has 200 times the mass of the electron

but otherwise (flosely resembles 1it. \Vhy it should be heavier 1s

a question physi("ists have sought to answer In recent experiments

he advance of physics can be com-
I pared to that of an army. Salients
are thrust out where the opposi-
tion is lightest; troublesome areas are
bypassed until the necessary forces are
available. An example of this pattern is
seen in the physicist’s method of attack
on the puzzle of the mu meson, or muon,
a fundamental particle weighing some
200 times as much as an electron. First
of the unstable particles to be discov-
ered (with the exception of the free
neutron), most tractable in the labora-
tory because of its relatively long life
(2.2 millionths of a second) and the ease
with which it can be produced, the
muon has been studied in more detail
than any other unstable particle. These
investigations have shown that it does
not, as do other mesons, interact with
other particles by “strong coupling,” the
kind of force that holds together the
particles in the nucleus of the atom.
Instead the muon appears in every re-
spect except its instability to be a heavy
relative of the electron; like the electron,
it interacts with the rest of the universe
only through the agencies of the elec-
tromagnetic force and the so-called
weak-interaction force. (The weak in-
teractions give rise to phenomena such as
radioactive decay in which an electron
is emitted, and the decay of the muon
itself.) This raises a baffling question:
If the muon is identical to the electron
in its interactions, why should it be 200
times heavier? Physicists believe that the
mass of a particle is a consequence of
its interactions; when two particles dis-
play identical interactions, there is no
mechanism that can be invoked to ex-
plain a difference in their masses.

The muon was discovered in 1936 in
cloud-chamber photographs of cosmic
radiation; the discovery was made by
Carl D. Anderson and Seth H. Nedder-
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by Sheldon Penman

meyer of the California Institute of
Technology and independently by J. C.
Street of Harvard University. Physicists
had been looking for a particle of about
this mass since 1935, when its existence
was postulated by the Japanese theorist
Hideki Yukawa. His calculations had
shown that such a particle could explain
the enormous strength of the forces that
hold together the protons in the nucleus
in spite of the mutual repulsion of their
positive electric charge. Yukawa rea-
soned by analogy. The particle that ac-
counts for the electromagnetic force field
is the photon, which has no mass. By
analogy the nuclear force field should
also have its particle, but the particle
should have a certain amount of mass.
This followed because nuclear forces,
unlike electromagnetic forces, extend
only a short distance from the nucleus.
In fact, the finite range of the nuclear
force field indicated that its particle
would have a mass about 200 times that
of the electron. It soon turned out that
particles of this mass—now called mu
mesons—existed in embarrassing profu-
sion. The mu mesons in cosmic radiation
traveled easily through the atmosphere,
penetrated lead plates and could even
be detected in deep mines. Such be-
havior was unbecoming to the hypo-
thetical Yukawa particle. Since it was
supposed to give rise to strong forces in
the nucleus, it should have interacted
readily with the nuclei of any substance
through which it passed. It should have
penetrated the atmosphere only with
difficulty and a lead plate not at all.
Once the low interactivity of the muon
had been firmly established, the search
for the real Yukawa particle continued.
This particle—the pi meson, or pion—
was finally found in 1948 as a compo-
nent in cosmic radiation high in the at-
mosphere. Its lifetime is so short and it
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interacts so readily with nuclei that it
rarely penetrates the atmosphere and
reaches the ground. Indeed, it meets all
the specifications of a particle of the nu-
clear force field. In addition, it is the
parent of the muon, decaying with a
mean life of 25 X 107 second (25 bil-
lionths of a second) into a muon and a
neutrino. Were it not for this fortuitous
lineage the production of a muon would
be a rare event indeed.

The protons of the primary cosmic
radiation collide and interact with nu-
clei in the upper atmosphere. These in-
teractions are “strong”; that is, they are
identical with those which produce the
nuclear force field. They give rise to
various nuclear fragments and a profu-
sion of pions; the pions then decay into
muons. A particle that does not enter
into strong interactions, such as the
muon, could not be manufactured by the
direct impact of protons on nuclei. Be-
cause particle accelerators produce col-
lisions of this sort they create pions in

LIFE OF THREE MUONS is recorded in
three short tracks produced by these parti-



abundance, and these, upon decay, yield
an abundance of muons.

In the decade following the discovery
of the pion attention was largely divert-
ed from the muon, first by the pion itself
and then by the discovery of a bewilder-
ing profusion of other particles: K mesons
and the particles lambda, sigma and xi.
These particles all share a new quantum
property called “strangeness,” which sets
them apart from all the particles discov-
ered earlier. Strangeness, however, is
not much stranger than one of the older
quantum properties such as “spin”; like
matter and energy, it is a property that is

conserved when strange partic]es enter
into strong interactions. When strange
particles enter into weak interactions,
strangeness is not conserved; no one
knows why.

I) hysicists have found it helpful to show

that the particles that enter into weak
interactions (putting aside the strange
particles) are related by a triangle [see
illustration at bottom of next two pages].
The two nucleons (the neutron and the
pr()t(m) occupy one corner; the electron
occupies the second corner; the muon,
the third. Experimental evidence indi-

cates—though not vet conclusively—that
the particles at the corners of the dia-
gram interact with cach other with the
same strength.

In the first leg of the triangle the con-
nection between a nucleon and an elec-
tron illustrates beta decav, in which, for
example, a neutron emits an electron
and an antineutrino and is transmuted
into a proton. This is also the mechanism
by which heavy nuclei decay when they
emit an electron, and the rate of decay
should be an indication of the strength
of the interaction. Many other factors
enter into the reaction, however, and

cles in the liquid hydrogen of a bubble chamber. Each of three pi
mesons (7% in drawing at left) decays into a muon (u*) and a
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neutrino, which is neutral and leaves no track. Each muon then de-
cays into a positive electron (e

), a neutrino and an antineutrino.
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DATE DISCOVERED 1897 1936
-~
=
MASS 1 207 B 75%10%
[aa)
O
MEAN LIFETIME 222 X 10~ £
(SECONDS) INFINITE 22 X
ELECTRIC CHARGE =1 (+1) =1 (+1) 1 ; 3 6
DISTANCE FROM CENTER OF PROTON (x10-? CM.)
LEPTON NUMBER &= 1(=1)
SPIN % % '
MODES OF ELECTROMAGNETIC | ELECTROMAGNETIC E
INTERACTION AND “WEAK"” AND "WEAK" 2
5
PREDICTED ANOMALOUS &
MAGNETIC MOMENT .0011596 .001165
MAGNETIC MOMENT Al T DISTANCE FROM CENTER OF PROTON (x10-"" CM.)

ELECTRON AND MUON differ only in mass, mean lifetime and
anomalous magnetic moment (table at left). The difference in mass
also involves a difference in the probability that either particle
will penetrate a nucleus about which it may orbit, as can be seen

radioactive nuclei actually decay at vari-
ous rates; some last for much less than
a second and others have lasted for the
life of the universe. It is a triumph of
theory that in the face of rates varying
from the positively lethargic to the ex-
tremely rapid it is possible to extract in-
formation about the fundamental proc-
ess and show that its strength is always
the same.

The connection between the muon
and the electron in the second leg of the
triangle is illustrated by the decay of the
muon into an electron, a process that re-
sembles beta decay. Here, however, the
outgoing electron is accompanied by not
one neutrino but two. When the strength
of the interaction of the muon and the
electron is compared with that of a nu-
cleon and an electron (on thesbasis of the
rate of decay), there is good agreement.

The third leg of the triangle is the

INTERACTION TRIANGLE (left) relates particles that enter
into weak interactions (leaving aside “strange” particles). In the
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interaction of muon and nucleon. This
interaction is illustrated by the phe-
nomenon of muon capture. When a neg-
ative muon comes to rest in any sub-
stance, it penetrates the cloud of elec-
trons surrounding a nucleus to which it
is attracted by virtue of its negative
charge. It then behaves exactly like a
heavy electron in that it has only cer-
tain energy levels, or orbits, around the
nucleus; it cascades down through these
permissible levels, emitting an X ray
with each transition. This is the way
ordinary electrons behave in atoms, and
the system of a nucleus and a mu meson
is called a mesic atom. When the muon
has cascaded as far as it can go, it lives
out its remaining life in the state of
lowest energy, which is an orbit that is
quite close to the nucleus. Because the
muon is some 200 times heavier than the
electron, its smallest orbit is some 200
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by comparing the two “probability curves” at right. The proba-
bility of finding an electron at a given distance from the center of a
proton in the hydrogen atom is plotted in curve at top; correspond-
ing probability for “mesic” atom (muon and proton), at bottom.

times smaller than that of the electron
around the same nucleus.

Modern physics has of course taught
us that we should not think of a par-
ticle circling the nucleus as a planet cir-
cling the sun but rather as a smear of
probability, with the particle much of
the time actually penetrating the nu-
cleus [see illustration above]. While it
is in “orbit” the muon can either decay
or interact with a proton in the nucleus,
causing the proton to Change into a
neutron with the emission of a neu-
trino. As in radioactive decay, the length
of time it takes for a muon to inter-
act with a nucleus depends on the par-
ticular nucleus involved. Still, also as in
radioactive decay, the fundamental
strength of the interaction can be de-
duced. Its value is obtained by studying
the rate of capture of muons by many
different nuclei. Although the value is

first leg (second from left) a neutron (n) emits an electron and
an antineutrino, becoming a proton (p). Second leg (third from



ORIGIN AND DECAY OF MUON (left) involves the decay of a pi
meson (7~ ) and the production of an electron (e~). The pi meson
decays into a muon (~) and an antineutrino (y) ; the muon de-
cays into an electron, an antineutrino and a neutrino (v).The muon

by no means so well known as the value
for radioactive decay, it appears to agree
well with that for the “universal” weak
interaction. There are two ambitious ex-
periments under way, one at Columbia
University and the other at the Univer-
sity of Chicago, to measure the rate at
which the nuclei of hydrogen—protons—
capture muons. In the capture of muons
by protons there is no nuclear structure
to contend with and the elemental in-
teraction rate can be found. Although
the hydrogen is liquefied and its nuclei
are close together, the probability of cap-
ture is small and the experimental dif-
ficulties are formidable. The results of
these experiments should go far toward
putting this last leg of the triangle on
the same footing as the other two.

One can therefore conclude that the
muon, in so far as the weak interactions
go, behaves like a heavy electron. There

left) represents the decay of a muon into an electron, a neutrino
and an antineutrino. Third leg (right) represents the weak inter-

are many other similarities. There are,
for example, both positive and negative
muons, as there are positive and nega-
tive electrons. There are no neutral
muons and no neutral electrons. The
muon’s intrinsic angular momentum—
“spin”—appears to be 1/2, as is the spin
of the electron. Curiously, the experi-
mental evidence for this fundamental
property is not strong, but since so many
of the detailed properties of the muon
satisfy the theory for a particle of spin
of 1/2, there seems little reason to doubt
that 1/2 it is.

Another similarity between muons
and electrons is that they are both “lep-
tons,” or light particles. This means that
they, together with neutrinos, obey a
conservatiorslaw stating that the number
of leptons in the universe is a constant.
This may seem strange inasmuch as
there are many processes in which these
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(large colored circle at right) emits an electron preferentially in a
direction opposite that in which its spin axis (broken colored
arrow) points. The probability of an electron’s being emitted in
a given direction (black arrows) is proportional to arrow lengths.

particles are created and destroyed. If
we count correctly, however, assigning
the value of +1 to the electron, the nega-
tive muon and the neutrino, and a value
of —1 to the positron, the positive muon
and the antineutrino, then the number
of leptons at the beginning and the end
of any reaction is the same. During the
capture of a negative muon by a nu-
cleus, for instance, a neutrino is emitted.
Since both of these particles have a lep-
ton number of +1, the lepton equation
balances. When a positive muon decays
into a positron, a neutrino and an anti-
neutrino, the total number of leptons is
—1 both before and after the decay.

r]‘his was essentially the state of knowl-

- edge in 1957, and it was hoped that
more detailed experiments would show
properties of the muon that might indi-
cate the origin of its mass. The big im-

action in which a proton captures a muon to form a mesic atom.
The proton then turns into a neutron and emits a neutrino.
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petus to muon research came in that year
with the discovery of the nonconserva-
tion of parity. The “law” of parity had
stated that nature does not distinguish
between left and right—in other words,
that one cannot perceive a difference
between an event in nature and its mir-
ror image. The nonconservation of pari-
ty suggested itself to T. D. Lee and C. N.
Yang when they were pondering what
seemed to be a paradox in the decay
schemes of the K meson. (K-meson de-
cay seemed to violate parity and, as we
now realize, it did.)

The fall of parity had two important
consequences in muon research. First,
the muon, because it has spin, can be
thought of as having an orientation in
space, that is, a direction in which the
axis of spin points. It must be realized
that to speak of the particle as actually
turning is meaningless; this would im-
ply that we could somehow measure the
motion of points on its surface, which
we cannot. The picture is heuristic—use-
ful because it serves to clarify the nature
of the particle. If parity were conserved
in the production of muons, the beam
of particles emerging from an accelera-
tor would have to contain muons with
every possible orientation. Actually it
was found that the beams contain par-
ticles that tend to point along the direc-
tion of travel. Moreover, if parity were

conserved when a muon decayed, there
would be no preference in the direction
in which its daughter electron was emit-
ted. It happens that, since nature has no
interest in conserving parity, the electron
is emitted preferentially in a direction
opposite to that in which the spin axis
of the muon points. Both of these con-
servation failures were established in
the elegant experiment performed at
Columbia University by Richard L.
Garwin, Leon M. Lederman and Marcel
Weinrich.

As a result of these discoveries work-
ers in muon physics now have a power-
ful means of studying the particle. Not
only do the available muons tend to
point in one direction but also it is pos-
sible to determine that direction by look-
ing for the electron produced in the de-
cay process. To use an analogy, we are
no longer trying to handle screws in the
dark with heavy gloves; we are being
handed the screws neatly aligned on a
tray, with a little searchlight on each
that indicates the direction of its head.
Consequently it is now possible to make
measurements of the muon with a preci-
sion approaching the precision achieved
in the investigation of atoms.

Almost immediately after the discov-
ery of the breakdown of parity, a series
of experiments was initiated at Colum-
bia University, the University of Chica-

go and most recently at C.E.R.N. (the
European Organization for Nuclear Re-
search) to study the magnetism of the
muon. Every charged particle posses-
sing spin behaves as though there were
a bar magnet lying along its spin axis;
the strength of this bar magnet is called
its magnetic moment. In the case of the
electron, electromagnetic theory can pre-
dict the value of the magnetic moment
with high precision. It is of great in-
terest to measure the magnetic moment
of the muon to determine if the theory
that works so well for the electron is
applicable. A deviation from the pre-
dicted value could give an important
clue to the structure of the muon and
hence to the origin of its mass. In the
proton, for example, the value of the
magnetic moment is (uite different from
the value that would be predicted pure-
ly on the grounds of its electromagnetic
interactions. In modern particle physics
the proton is regarded as continuously
emitting and absorbing mesons; because
the proton interacts by strong coupling
the mesons are pions. These pions are
not physically observable; they are
called “virtual.” Nevertheless, they pro-
duce circulating electric currents that
alter the magnetic moment of the pro-
ton. Since the muon does not enter into
strong interactions, any departure from
its predicted magnetic moment could

EJECTION-TRANSITION
REGION

<

COlLs

VACUUM TANK

MODERATOR

BENDING MAGNET</\

C.E.R.N. APPARATUS, used in so-called g—2 experiment, em-
ployed a vacuum chamber 20 feet long between the poles of an
85-ton magnet. Theory says that when a muon is forced to orbit
in a magnetic field, its spin axis should precess, or turn at a slightly

faster rate than its orbiting rate. The amount of precession is
indicated by flight direction of electrons emitted when muons decay
in target (far right; see also illustrations on next two pages) . After
muons (colored line) enter the vacuum chamber they are slowed
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perhaps be attributed to some hereto-
fore unknown feature of the muon’s
structure or even to an interaction with
the field of a particle still undiscovered.
As an alternative explanation, a depar-
ture in the magnetic moment of the
muon could indicate a breakdown in the
laws of electromagnetism at very short
distances. This could show up in the
muon and not in the electron because the
muon’s greater mass implies that its in-
teractions with the electromagnetic field
take place over smaller regions of space.
Theorists have speculated for a long
time that space, like energy, may not be
indefinitely divisible and that a shortest
length may yet be found that will limit
the applicability of the electromagnetic
laws as we know them. While there is no
evidence for such a fundamental quan-
tum of length, the magnetic moment of
the muon gives the physicist a new tool
for probing the question.

The unit of strength of the magnetic
moment of a particle is the magneton.
Since the definition of the magneton in-
volves mass, the unit is different for each
particle. The value of the moment is
often expressed in terms of a “g-factor,”
which dates back to the hoary lore of
atomic physics. The g-factor is equal to
the ratio of the actual magnetic mo-
ment in magnetons to a value that is
half a magneton. A major triumph of

COUNTERS

down by a moderator and begin or-
biting. Variations in magnetic field
force muons to “walk” from left to
right while describing their orbits.

P. A. M. Dirac’s celebrated formulation
of quantum mechanics was its predic-
tion that the g-factor of the electron was
equal to 2, which agreed with the ex-
periments of that time.

Shortly after World War II more pre-
cise experiments, performed at Colum-
bia University by Polykarp Kusch, indi-
cated that the g-factor of the electron ac-
tually differed from 2 by about one part
in 1,000. The departure became known
as the anomalous magnetic moment of
the electron. Before long Julian Schwing-
er of Harvard refined the equations of
quantum electrodynamics so that the
theoretically predicted value of the g-
factor once again agreed with experi-
ment. Small though the anomaly is, it is
crucial to an understanding of the in-
teraction of charged particles with the
electromagnetic  field. The anomaly
arises because the electron is constantly
emitting and reabsorbing virtual pho-
tons, which in themselves are unob-
servable but which give rise to measur-
able effects.

The goal of several experiments un-
dertaken since 1957 has been to measure
the g-factor of the muon as precisely as
possible. There have been two approach-
es. The first and simplest is to measure
the magnetic moment directly. This can
be done with high precision, and experi-
ments are now approaching an accuracy
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of one part in 100,000. Theory, however,
does not predict the moment directly; it
predicts only the g-factor, and this pre-
diction requiressknowing the mass of the
muon. Although the mass of the muon
has been measured far more precisely
than that of any other unstable particle,
the measurement is still limited in accu-
racy to about one part in 10,000. As a
result the experimental value for the g-
factor is limited to the same order of
accuracy. Since the deviation of the g-
factor from 2 is only one part in 1,000,
a measurement accurate only to one part
in 10,000 leaves an uncertainty of 10 per
cent, which is much too large to provide
ameaningful test of the predicted value.

The direct measurement of the muon’s
magnetic moment has nonetheless been
a useful and satisfying achievement. The
most recent measurement was carried
out at Columbia University by D. P.
Hutchinson, J. Menes, A. Patlach, G.
Shapiro and the author. To make the
measurement one observes the rate at
which the spin axis of the muon pre-
cesses, or turns, when the particle is
brought to rest in a magnetic field. The
rate of precession depends on the mag-
netic moment and the strength of the
field. The muons are created by the de-
cay of pions produced in a cyclotron;
when the pions decay in flight, they give
rise to muons whose spin axes are point-

PLOT OF C.E.R.N. RESULTS shows length of time muons spent in the magnet and number
of turns they made (upper curve) and the asymmetry of the electrons emitted when muons
decayed in the target (vertical colored lines). The sinusoidal curve that best fits the experi-
mental points determines the muon’s anomalous magnetic moment: .001145 =+ .000022.
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PRECESSION OF MUON SPIN AXIS (colored arrow) in C.E.R.N.
apparatus (see illustration on preceding two pages) is the basis for
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320-1,050 TURNS

(~2-6 MICROSECONDS)

(left) the spin axis points in the direction in which the muon is
traveling. The axis has precessed 90 degrees after 175 turns (second

determining the anomalous magnetic moment of the muon. At start from left) and 540 degrees after 1,050 turns (right). Precession is

MUON AS IT ARRIVES

K'\WARD-ELECTRON

/7 WCOUNTER
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525 TURNE

ELECTRONS EMITTED IN MUON DECAY provide the clue to

muon precession rate. Muon that has made 350 turns in magnet

MUON FLIPPED+90°

B=30
(F=30)

electron emission. To eliminate systematic errors, electron counts
are made on groups of muons magnetically flipped +90 degrees

enters target with spin axis pointing backward. Black arrows and on others flipped —90 degrees. Counts (backward) should be
radiating from muon are proportional in length to probability of identical for muons making 350 turns (or 700 or 1,050 turns).
52

© 1961 SCIENTIFIC AMERICAN, INC



BACKWARD-ELECTRON
™ COUNTER

calculated from the “storage” time and the
direction in which electrons are emitted
when muons decay in the target (see below).

MUON FLIPPED - 90°

For muons making, say, 525 turns flipping
will produce different counts (e.g., 35 v. 25
in backward direction). Forward-electron
counts (parentheses) show similar behavior.

ing predominantly forward. The muons
are then stopped by a target and come
to rest with their spin axes perpendicular
to the surrounding field of a large elec-
tromagnet. Immediately the muons be-
gin their precession.

Electron counters placed around the
target record when and in what direc-
tion muons decay into electrons. Since
the electrons are preferentially emitted
in a direction opposite that in which the
spin axes of the muons are pointing at
the moment of decay, the electrons serve
as a searchlight beam that sweeps around
at the rate of precession. It is true that
the searchlight is turned on only at the
instant of decay; nevertheless, if many
muons each of which decays after a dit-
ferent length of time are observed, a
satisfactory reconstruction of the preces-
sion can be made. Since the experiment
consists of counting how many turns are
made in a given interval of time, and

since the muon has a mean life of only

2.2 millionths of a second, it is desirable
to use a strong magnet to achieve as
high a precession rate as possible. Our
experiment used a magnetic field of
15,000 gauss, which gives rise to a pre-
cession rate of nearly 200 million times
per second. The number of turns can be
counted by electronic equipment that
compares the muon precession rate with
a voltage varying at a precisely known
frequency. The equipment is so com-
plicated that systematic errors can easily
creep into the measurements unless it is
calibrated with great care. Our princi-
pal calibration scheme employed an elec-
tronically generated artificial signal that
mimicked the behavior of muons preces-
sing at a high and accurately known
rate.

The most accurate method of measur-
ing the mass of the muon—which must
be combined with the magnetic moment
to obtain the g-factor—was first devised
at Columbia University five years ago
by L. J. Rainwater. The precision of the
method has recently been refined by
other workers at Columbia and Chicago.
It consists of measuring the energy of
X rays (which, like light, consist of pho-
tons) emitted when a negative muon
cascades down through its allowable
orbits around a nucleus. The euergy fol-
lows the same laws that govern the en-
ergy of the photons emitted by electrons
when they make similar transitions, and
this energy depends directly on the mass
of the particle. Since the muon is more
than 200 times heavier than the electron,
the photons it emits are correspondingly
more energetic. Unfortunately the few
hundred photons per second produced
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by mesic atoms are far too few to acti-
vate the conventional X-ray spectrom-
eters that could measure their energy.
There is, however, a way around this
difficulty. It happens that when X rays
are directed at an absorbing target, rays
having a certain narrow range of ener-
gies are absorbed much more strongly
than rays of slightly less energy. These
sharp changes in absorption, known as
edges, occur when an X ray has just
enough energy to knock an electron
occupying a particular energy level clear
out of an atom. By coincidence X rays
emitted by a muon in a certain step
of its cascade from orbit to orbit around
a phosphorus nucleus have an en-
ergy corresponding to an edge in lead
known as the K edge. The edge is not
absolutely sharp but changes over a
narrow energy interval, which has been
accurately measured. By allowing X rays
trom phosphorus mesic atoms to be
absorbed in lead one can determine
just where in this energy interval the
X-ray line is located. From this it is pos-
sible to calculate that the mass of the
muon is 206.76 = .02 times the mass of
the electron. While this is a remarkably
precise value as mass measurements go,
it still leaves a tantalizing uncertainty of
10 per cent in the value of the g-factor.
Quite a different way to get at the
g-factor was taken in a remarkable ex-
periment at C.E.R.N. that required the
best part of three years to carry out from
conception to final completion early this
year. The investigators were a five-

ASYMMETRY (g) =

B +90° B —90°

B oget B —gp0

ASYMMETRY (g) (350 TURNS)=
30-30 0

30430 60

ASYMMETRY (g) (525 TURNS)=
35-25 10
— =7
35+25 60

ASYMMETRY EQUATION uses electron
counts from C.E.R.N. experiment to provide
values for the asymmetry curve on page 51.
Examples show equation solved for 350 turns
and for 525 turns using sample backward
counts (B) found in the illustration at left.
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nation team consisting of G. Charpak
and T. Muller (France), A. Zichichi
(Italy), J. C. Sens (Netherlands),
F. J. M. Farley (United Kingdom),
Richard L. Garwin and V. L. Telegdi
(U. S.). In this experiment the lack of
knowledge of the muon mass was cir-
cumvented by measuring directly the
deviation of the g-factor from a value of
2, which results in its being called the
“g minus 2” experiment. The experiment
was suggested in part by a g—2 experi-
ment recently carried out on the electron
at the University of Michigan by A. A.
Schupp, R. W. Pidd and H. R. Crane.
When a charged particle moves

G—2 APPARATUS AT C.E.R.N. was used to determine the muon’s

anomalous magnetic moment. The man at left is looking between
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through a magnetic field so that its path
is perpendicular to the direction of the
magnetic field, it is subjected to a force
that makes the trajectory of the particle
curve. In a uniform field this orbit will
be a circle, and the time required for a
particle to complete one turn around the
orbit will depend only on the strength of
the field and the charge and mass of the
particle. The time is independent of
velocity (at least until the particles at-
tain velocities close to that of light) be-
cause the diameter of the particle’s orbit
increases with velocity so as to keep the
time needed for one revolution constant.
This is the principle on which the cyclo-
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tron operates, and the frequency with
which the particle sweeps out its circular
orbit is called the cyclotron frequency.

We have already seen that a particle
possessing a magnetic moment will pre-
cess in a magnetic field. A particle with
a g-factor of exactly 2, and with a
spin axis pointing in the direction in
which the particle is moving when it en-
ters a magnetic field, will precess just
enough for its spin to remain pointed
along its orbiting path. If the g-factor
is different from 2, the cyclotron and
precession frequencies will no longer be
identical and the spin axis will gradually
precess with respect to the trajectory. If

the magnet coils into the region where muons orbit. The muons
are produced when pions, created by a cyclotron, decay in flight.



one stops a particle after it has spent a
known amount of time in a known mag-
netic field and measures how large an
angle the spin axis makes with the di-
rection in which the particle is traveling,
one then knows the amount by which
the g-factor deviates from 2.

The principle of the experiment is
easily stated. The actual physical realiza-
tion was quite another matter. Difficult
as the electron g—2 experiment was, the
muon g—2 measurement was even hard-
er; indeed, many physicists believed it
would be impossible. Compared with
electrons, muons are available in tiny
numbers and their lifetime is extremely

Before entering the big magnet the muon
beam is focused by smaller magnet at right.

short. Moreover, the relatively large
mass of the muon calls for strong mag-
netic fields. The more turns the muon is
forced to make, the greater will be its
precession from its line of flight and the
greater will be the accuracy of the meas-
urement. In the C.E.R.N. experiment a
field of 16,000 gauss was used and
muons spent from two millionths to six
millionths of a second orbiting in the
field.

A magnetic field capable of containing
particles that enter with the widely vary-
ing momentum, direction and position
that characterize a muon beam must be
carefully designed and painstakingly ad-
justed. The C.E.R.N. magnet weighs 85
tons and encloses a vacuum chamber
nearly 20 feet long [see illustration on
pages 50 and 51]. Muons enter at one
end of the chamber and are slowed by
passing through a beryllium block so
that they begin curving into the desired
orbit. To prevent the muons from simply
describing a circle and striking the block
again the magnetic field is shaped so as
to produce a “walking” orbit. This is
done by making the magnetic field
stronger along one side of the vacuum
chamber than along the other; where the
fieid is stronger the muon is forced to
make a tighter turn and therefore is dis-
placed sideways after each loop of 360
degrees. The field is so shaped that the
orbits first walk about two centimeters
per turn to get them away from the be-
ryllium quickly. This is followed by a
region in which the orbits are packed
tightly together (to minimize the length
of the chamber), and finally the steps
are increased again to give the muon a
shove to get it past the fringe field of the
magnet. In addition the magnetic field
must provide vertical focusing so that
particles whose motion is not strictly
horizontal will not strike the magnet
faces. Upon leaving the magnetic field
the muons enter a target where they
stay until they decay and emit an elec-
tron. Many muons, of course, decay en
route and never reach the target.

Two measurements must be provided
by the experiment: the length of time
each muon spends inside the magnetic
field and the direction of the electron
emitted when the muon decays in the
target. The “storage” time in the mag-
netic field indicates the number of orbits
the muon has made. Muons that happen
to take large “steps” can walk through
by making as few as 320 or so orbits;
those taking very short steps may re-
quire over 1,000 orbits. Obviously when
two muons enter the magnetic field in
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rapid succession, there is no way to tell
which will move through faster and
emerge first. The solution to this is to
count only muons spaced far enough
apart so that it is physically impossible
for the second to overtake the first.

To obtain the second measurement
one could try to determine the precise
angle at which every decay electron was
emitted. Even if this were feasible, how-
ever, the electron would indicate only
the probable orientation of the muon
that had ejected it. Since the direction of
emission is probabilistic, it is simpler to
count only the decay electrons that
emerge in a fixed direction from succes-
sive groups of muons. First a little trick
is performed. The muons in half the
groups, after coming to rest in the target,
are turned 90 degrees clockwise by puls-
ing a small magnetic field around the
target. The muons in the other groups
are turned 90 degrees counterclockwise.
The two directions of pulsing can be ex-
pected to yield for each group a slightly
different number of electron counts.
Turning the muons in this fashion re-
moves the systematic errors that would
attend an effort to use two (or more)
sets of detectors to count electrons in
two (or more) directions [see illustra-
tions on pages 52 and 53].

The experiment shows that the
g-factor of the muon is 2.001145 =
.000022. The theoretical prediction is
2.001165. Experiment therefore con-
firms, to an accuracy of 1 per cent in the
anomalous part of the g-factor, that the
muon behaves exactly like a heavy elec-
tron. This result also implies that there
is no breakdown in the laws of electro-
magnetism down to distances of 7 X 10-**
centimeters and no fundamental quan-
tum of length greater than 2 X 10-"* cm.
In addition it appears that any hope of
explaining the massof the muon by here-
tofore undetected interactions with
fields other than the electromagnetic
(such as fields produced by still undis-
covered particles) must be abandoned.

The mystery of the muon mass has
deepened and at the moment there are
no very helpful suggestions as to where
physicists can turn for enlightenment.
The best hope seems to lie in scattering
experiments using the higher energy
muons from the new 30-billion-electron-
volt accelerators at C.E.R.N. and at the
Brookhaven National Laboratory. There
is always a chance that something new
will turn up in such ultraenergetic col-
lisions. For the time being, however, the
muon itself qualifies as a “riddle
wrapped in a mystery inside an enigma.”
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The Artificial Kidney

In it a membrane of cellophane performs many of the main functions

of the natural kidneyv. In addition to its clinical usefulness it

is an excellent tool for studving certain phyvsiological processes

have been the first organ for which

man devised an artificial replace-
ment. The kidney plays a central role in
one of the most complex and subtle of
the body’s functions: maintaining the
stability of the internal environment in
the midst of constant physiological ac-
tivity. The workings of the natural or-
gan are still not completely understood,
yet it can now be temporarily replaced
by an essentially simple device. Intro-
duced for the treatment of patients in
1945, the artificial kidney has become
a standardized piece of lifesaving equip-
ment in hundreds of hospitals. In ad-
dition it is proving a sensitive and
versatile tool in fundamental physio-
logical research.

The human kidney, a bean-shaped ob-
ject about the size of a man’s fist, has
essentially three types of function: (1)
it excretes the waste products of me-
tabolism from the blood; (2) it regulates
the body’s acid-hase balance, primarily
by excreting sodium and hydrogen ions;
(3) it takes part in a number of other
physiological processes, including the
formation of red blood cells and the
regulation of blood pressure. The first
two functions can be performed by the
artificial kidney, the third cannot.

In the natural kidney the work of
waste disposal and acid-base regulation
begins in the glomerulus, a network of
folded capillaries about .2 millimeter in
diameter surrounded by a space known
as Bowman’s capsule. There are about a
million of these units in each human kid-
ney. Blood flowing through the capil-
laries is at higher pressure than the fluid
outside them, and the capillary walls
contain pores large enough to pass all the
constituents of the blood except the
blood cells and most of the plasma pro-
teins. As a result most of the water and

It is remarkable that the kidney should
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all the dissolved material in the plasma
except its large protein molecules filter
out into the capsular space. Each cap-
sule forms the head of a kidney tubule,
and the filtrate passes through the tu-
bule, emerging as urine ready for de-
livery to the bladder. But whereas the
glomeruli filter some 190 quarts of liquid
per day, only about a quart and a half of
urine forms. Almost the entire volume of
water, and many of the dissolved sub-
stances, are reabsorbed into the blood
as the filtrate travels along the tubules.
The process is selective: it returns all
the glucose and protein, varying frac-
tions of ions such as sodium and bicar-
bonate and about 40 per cent of the
waste product urea. At the same time the
cells of the tubule secrete into the filtrate
a few more waste products, including
potassium and uric acid. The reabsorp-
tion and secretion of the various materials
are somehow regulated in accordance
with the changing requirements of
the body.

he artificial kidney does not look any-

thing like a real kidney nor does it
work like one. The narrow, intricately
folded capillaries of the glomeruli pro-
vide an enormous filtering area that can
be equaled only in a much larger man-
made device. Moreover, the metabolic
processes involved in filtration, reabsorp-
tion and secretion are too complex to
attempt to duplicate.

The basic element of the artificial
kidney is a cellophane membrane—the
same kind of cellophane, incidentally,
that meat packers use for sausage cas-
ings. This material has pores of about
the same diameter as the pores in the
glomerular capillaries, so it can pass the
same substances. Some artificial kidneys
work partly by filtration, but in all of
them substances are removed from the
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blood chiefly by the process called di-
alysis: when a porous membrane sepa-
rates two solutions, atoms or molecules
small enough to pass through the holes
will migrate back and forth across the
membrane but with a net transfer to-
ward the lower concentration. In the
artificial kidney, blood passes through a
cellophane tube, or between cellophane
sheets, immersed in a bath, or rinsing
fluid. The direction and the rate of trans-
fer of each constituent to which the
cellophane is permeable depend on the
relative concentration of that constitu-
ent in the blood and in the bath.

If, for example, the physician wants
to lower his patient’s potassium level,
he makes the potassium concentration of
the bath fluid less than that of the blood.
Some potassium ions move each way,
but the net movement is from blood to
bath. The greater the difference in con-
centration, the faster the transfer of
potassium from the patient’s blood. By
adding fresh rinsing fluid often enough
the bath can be maintained at a perma-
nently lower concentration and potas-
sium can be continuously removed. If
the bath contains no urea, an artificial
kidney actually takes this waste product
out of the blood faster than the natural
organ can.

By altering the balance among filtra-
tion, reabsorption and secretion the
natural kidney extracts more or less of
any material from the blood. In the arti-
ficial kidnev the net transfer can be in
any amount and in either direction; sub-
stances can be added as well as removed.
The movement of each substance is
largely independent of the relative con-
centrations of other substances. Thus by
adjusting the concentration of individual
substances it is possible to remove po-
tassium, say, at the same time that so-
dium is added to the blood, or to take
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ROTATING-DRUM ARTIFICIAL KIDNEY is a modification of
the one devised by Willem J. Kolff in 1945. The basic principle of
the artificial kidney is dialysis, the tendency of substances in two
solutions on opposite sides of a semipermeable membrane to mi-
grate in the direction of lower concentration. By regulation of the
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DISPOSABLE-COIL ARTIFICIAL KIDNEY designed by Kolff in
1956 is now available commercially. The blood is pumped in
parallel through coils of cellophane tubing embedded in glass-
fiber screens wrapped around a metal cylinder. The pump at the
inflow end and the compression of the tubes by screening make it
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composition of the dialyzing hath, various ions and molecules can
be moved into and out of the blood. The dialyzing membrane in
this case is ordinary cellophane sausage-casing. The blood is
“screwed” along the tubing by gravity, forming a thin film on the
wall of the cellophane that provides maximum exposure to the bath.

possible to keep the blood under pressure and so to filter as well
as dialyze. This makes for more rapid removal of water from the
blood. Relative motion between the cellophane and the bath fluid,
obtained in the early Kolff model by rotation, is achieved here by
continuous circulation of the solution through the inner container.
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PATIENT’S BLOOD is drawn from an artery at the wrist. It passes through a graduated
flow meter (on right side of stand) and thence into the machine. Blood leaving the artificial
kidney at the opposite end is led back into the plastic bag (top), a trap to catch clots and
air bubbles, and on to a pump (on left of stand) that impels it back into the patient’s vein.

BLOOD ENTERS MACHINE through a rotating coupling (foreground). It then moves
through the small plastic pipe to the cellophane dialyzing membrane wrapped on the drum.
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out phosphate while adding bicarbonate.

The possibilities of dialysis have been
recognized for many years; long before
the invention of cellophane, experiment-
ers were trying to use animal membranes
for this purpose. As early as 1877 a Ger-
man physician, G. Wegner, injected fluid
into the body cavity of animals and
found that various substances moved
from the blood across the peritoneal
membrane into the fluid. In the mid-
1920’s another German worker, Hans
Necheles, went a step further. He re-
moved the peritoneal membrane from a
sheep, placed it between supporting
screens and made a dialyzing apparatus
much like those of today. With this .de-
vice he was able to remove from circu-
lating blood a substance that stimulated
secretion of gastric juices by the stomach.

he first successful application of an

artificial membrane to living animals
was made by John J. Abel, L. G. Rown-
tree and B. B. Turner of Johns Hopkins
University in 1913. They passed the
blood of dogs through a branching net-
work of collodion tubes immersed in a
bath and showed that toxic amounts of
aspirin could be rinsed out of the blood.
Their experiments, and their prediction
that artificial kidneys (a term they used
for the first time) would one day treat
acute renal failure in humans, have been
proved absolutely sound.

Not the least of the problems that
these pioneers had to solve was that of
preventing the blood from clotting while
it flowed through the artificial vessels.
They did not have modern anticoagu-
lants, so Abel turned, ingeniously but
laboriously, to the leech, which was
known to secrete an anticlotting factor
called hirudin as it sucked blood. The
Johns Hopkins workers ground up the
heads of thousands of leeches to get
enough hirudin to keep the dogs’ blood
from clotting in the collodion tubing.

As an experiment Abel’s attempt was
eminently successful, but his apparatus
and technique were hardly suited to the
treatment of human patients. The practi-
cal artificial kidney awaited a more con-
venient and plentiful material for the
membrane and a more readily available
anticoagulant. Cellophane took care of
the first problem; the second was solved
by the discovery of heparin, which was
isolated and then purified by Jay Mec-
Lean and W. H. Howell and others at
Johns Hopkins in the early 1930’s.

With these materials at hand, a Dutch
physician, Willem J. Kolff, developed
the prototype of the modern artificial
kidney in 1945 and with it first treated



ARTIFICIAL KIDNEY is set up at the Peter Bent Brigham Hos- drum. The drum is immersed in a bath that “rinses” waste prod-
pital in Boston. Blood from the patient’s artery enters the machine ucts from (and adds desired substances to) the blood, which is
at left and moves through cellophane tubing wound on a rotating pumped back into a vein through a clot-bubble trap (top left).

WIRE-MESH DRUM is wound with cellophane tubing,a membrane DRUM ROTATES at about 25 revolutions per minute in the bath
with pores that permit waste products in the blood to pass through. solution, and gravity carries the blood along through the tubing.
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HUMAN KIDNEYS are paired organs, lying against the back of
the abdominal cavity, that filter wastes and otherwise help regu-
late the composition of the blood. The urinary system (top left)
includes the kidneys, the ureters and the bladder. The sectional
view of the left kidney (bottom left) is seen from the back. The
area outlined by the broken white line is enlarged (right) to show
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one nephron, the functional unit of the kidney, in detail. Blood is
filtered at the glomerulus, a loop of capillaries. The filtrate moves
through the tubule, where much of it is reabsorbed into adja-
cent blood vessels. The excess water and waste substances that
remain constitute urine. Collecting ducts gather urine from sev-
eral nephrons, two more of which are outlined in black (far right).
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patients suffering from uremia, the toxic
condition that results from kidney fail-
ure. Kolff’s accomplishment was remark-
able, particularly considering that he
was working under great handicaps dur-
ing the German occupation of the Neth-
erlands. His device was clumsy but it
worked. In 1947 our group at the Peter
Bent Brigham Hospital in Boston began
to use a modification of the Kolff kidney
devised by Carl Walter, a surgeon-
engineer at the hospital; this model re-
mains the simplest and most effective
of today’s artificial kidneys. In it the
blood passes through a cellophane tube
wound around a wire-mesh drum. As
the drum rotates, the blood is carried
along the tubing through the dialyzing
bath in which the drum is immersed.
Only dialysis occurs; there is no filtration
because the blood is not under pressure.

A number of other types of artificial
kidney appeared after World War II.
One developed by Nils Alwall of Sweden
was the first to operate by filtration as
well as dialysis. (Filtering provides the
most convenient way of removing wa-
ter.) It consisted of tubing wound spiral-
ly around a vertical drum, held in place
by a surrounding metal screen. Support-
ed by two rigid surfaces, the tubing
could carry blood pumped under the
pressure necessary to force liquid out
through the membrane. In another de-
sign sheets of cellophane were arranged
to form a multidecked sandwich with
alternating layers of bath fluid and
blood.

11 the versions of the artificial kidney
+ X g0 far described had to be assembled
by the doctors and nurses operating
tihem. Now a standard model has become
available. It is based on a device made
in 1953 by W. Y. Inouye and Joseph En-
gelberg at the University of Pennsyl-
vania School of Medicine; it consisted
of alternate layers of cellophane and fine
wire screening wound around a support-
ing structure and enclosed in an ordinary
pressure cooker. Kolff, then working at
the Cleveland Clinic, took up this idea
and built an artificial kidney that is now
manufactured commercially. Cellophane
tubing, wound in a spiral between layers
of Fiberglas screen around a metal core,
is set in a tub that holds a circulating
bath fluid. The cellophane-Fiberglas coil
comes as a disposable unit, and the con-
venience of this machine, which filters as
well as dialyzes, has made it possible for
many more hospitals to provide artificial
kidney therapy.

As Abel predicted in 1913, the arti-
ficial kidney has been applied with great
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O PROTEIN NATURAL KIDNEY’S handling of six typical blood constituents is
® UREA illustrated. The glomerulus filters some of each (but only the smallest pro-
O GLUCOSE tein molecules) into the tubule. As the filtrate moves through the tubule
® WATER its composition changes; varying fractions of the different substances
O SODIUM are reabsorbed into adjacent blood vessels or secreted into the tubule
® POTASSIUM in further amounts in accord with the changing needs of the body.
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success in the treatment of acute kid-
ney failure. A complete loss of kidney
function can be caused by shock, infec-
tion, some forms of high blood pressure
and many other conditions. Often the
situation is temporary, and the kidney
will eventually recover if the patient can
survive the uremia that results when the
kidneys shut down. It is in such cases
that the artificial kidney has produced
its most dramatic results. People dying
of uremic poisoning are literally brought
back to life by intermittent treatments
with the artificial kidney.

Ideally these treatments should be re-
peated frequently so as to prevent rather
than merely treat the effects of acute
uremia. However, frequent dialyses
have presented a surgical problem, be-
cause the tubes that carry the blood to
and from the apparatus must be inserted
repeatedly into the patient’s artery and
vein. A technique recently devised by
Belding H. Scribner of the University of
Washington circumvents this difficulty.
He puts two lengths of plastic tubing
into the blood vessels of the arm, one in
an artery and the other in a vein, and
leaves them there. Most of the time they
are connected by a short, semicircular
shunt. Blood flows from the artery to
the vein through the shunt; in this way
normal circulation is maintained, al-
though it is partly short-circuited. When
it is time for a treatment, the shunt is re-
moved and the artificial kidney is con-
nected to the two implanted tubes; the
patient is simply “plugged in.”

This convenient technique should
prove extremely useful in acute renal
tailure. Making possible an indefinite

period of therapy, it raises the hope of
keeping people alive who have chronic
renal failure. Whether or not the hope
will be realized remains to be seen. Sev-
eral cases have been reported in which
the lives of patients suffering from
chronic kidney disease were consider-
ably prolonged, but there have been
failures too. It should be remembered
that the artificial kidney cannot take on
all the functions of the natural organ,
and in chronic cases this may be crucial.
Another practical difficulty in the op-
eration of the artificial kidney has also
yielded to a new technique. Patients
critically ill with uremia often bleed from
the gastrointestinal tract or from in-
juries; adding heparin to their blood
may aggravate the hemorrhages or cause
new ones. Using a method called re-
gional heparinization, it is now possi-
ble to keep the anticoagulant out of the
patient’s body. Heparin is injected into
the blood at the inflow end of the ma-
chine and neutralized at the outlow end
before it enters the patient’s vein. The
neutralization is accomplished with pro-
tamine, which counteracts heparin.

'Because of its selective ability to re-

move a wide variety of substances
from the blood, the artificial kidney is
valuable in many situations not involv-
ing impaired kidney function at all. In
other words, it can supplement a healthy
kidney. Poisons move through the circu-
latory system, and the artificial kidney
is therefore an excellent tool with which
to remove them. This application was
foreshadowed by Abel’s very first ex-
periment in removing aspirin from the

blood of dogs. Many cases of aspirin and
barbiturate poisoning are now handled
with the artificial kidney. There are two
types of drug—bromides and thiocya-
nates—that the artificial kidney removes
more effectively than the natural kidney
does. In the natural organ these drugs
are largely reabsorbed by the tubules
after being filtered by the glomeruli. In
dialysis, on the other hand, all the toxic
ions that pass out of the blood into the
bath stay there; hence the artificial kid-
ney has been particularly successtul in
treating bromide or thiocyanate poison-
ing. Experiments have shown that dialy-
sis also removes radioactive substances
such as strontium 90 from the blood,
preventing them from being deposited
in bone or excreted by the natural kid-
ney, where they can do severe damage.

Recent studies in Switzerland have
raised a particularly interesting possi-
bility. There is evidence that some sub-
stance circulating in the body fluids may
play a role in schizophrenia; the Swiss
investigators treated a number of schizo-
phrenics with the artificial kidney and
reported some remarkable improve-
ments. The implication is that the hypo-
thetical causative factor—whatever it
may be—was removed from the patient’s
blood.

The ability of the artificial kidney to
alter drastically the composition of the
body fluids makes it a dangerous tool in
the hands of inexperienced operators.
Even when the total changes are within
safe limits, the speed with which the
machine can carry them out can cause
trouble. Many ions diffuse rapidly be-
tween blood and bath fluid through cel-
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PRINCIPLE OF DIALYSIS by artificial kidney is
illustrated for two of the many substances it can
handle. In this hypothetical case the object is to re-
move urea from the blood and to add bicarbonate, so

tends to
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the fresh bath fluid contains no urea but a heavy
concentration of bicarbonate ions.

Dialysis, which
equalize concentrations, moves urea from

the blood to the bath and bicarbonate into the blood.



lophane but move much more slowly
between the cells of the body and the
blood plasma. Dialysis can therefore
move these ions in or out fast enough to
upset the normal ratio between the con-
centrations of the ions in the cells and
in the surrounding fluid.

Bicarbonate is one such ion, and this
gives rise to a surprising phenomenon.
Excess acidity in the blood can be cor-
rected by adding bicarbonate with the
help of the artificial kidney. The body
itself acts to correct acidosis by increas-
ing the respiration rate and thereby
excreting more carbon dioxide. The
speed-up in breathing seems to be gov-
erned by excess acidity within the cells.
If, in an attempt to correct acidity by
dialysis, bicarbonate is added too rapid-
ly, the bicarbonate level within the cell
will lag behind. Respiratory movements
then continue at the high rate called for
by the intracellular acidity. The result
is a sudden change in the patient from
“metabolic acidosis” to “respiratory al-
kalosis.”

Similarly, in patients with chronic
uremia compensatory mechanisms have
gradually developed within the cells
over months or years, and rapid correc-
tion of abnormalities in the blood takes
some time to be reflected in the cells.
After a session on the artificial kidney
there is the paradox of marked improve-
ment in blood composition with little
improvement in the patient; he is “chem-
ically” well but clinically still sick. Then,
in perhaps two or three days, with his
blood chemistry actually regressing, he
begins to look better and feel better.

This is merely a sample of the infor-
mation that is coming out of continu-
ing work with the artificial kidney. We
have learned, for example, that there is
a regulatory mechanism controlling the
concentration of such ions as calcium,
magnesium and potassium inside and
outside the cells. When the blood level
of one of these ions is lowered to a cer-
tain concentration by dialysis, it stays
there regardless of further treatment,
maintained by ions moving out of the
reserve within the cells. Now a high con-
centration of potassium in the extracel-
lular fluid with respect to the intracel-
lular level interferes with the impulses
that regulate the heartbeat, and it may
paralyze the heart. Treatment of this
symptom through removal of potassium
by dialysis is effective but may run into
trouble for two reasons. For one thing,
removing potassium from the blood plas-
ma too rapidly can cause a second kind
of problem, a disturbance in the rhythm
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ALWALL’S KIDNEY was one of the first devices to include a pump at the inflow side and
to compress the cellophane tubing between screens, making it possible to duplicate the
filtering action of the normal kidney. A rotating propeller circulated the bath solution and,
as in all such machines, a trap kept clots and air bubbles from entering the bloodstream.
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SKEGGS-LEONARDS KIDNEY, unlike most others, does not use tubes for the dialyzing
membrane. Instead the core of the machine is a “sandwich” made of two sheets of cello-
phane. The blood flows between them in a thin film, and the bath solution is circulated
through grooves cut in panels on the outside of each membrane. A pump is used with this
kind of artificial kidney, so it too is capable of filtration as well as dialysis of the blood.
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SCRIBNER’S TECHNIQUE makes frequent dialyses of a patient feasible by avoiding the
surgery otherwise required every time the blood vessels are connected to the machine.
Plastic tubes are inserted under the skin of the patient’s arm; one is implanted in an artery
and the other in a vein. The tubes are connected by a semicircular shunt. This allows blood
to flow uninterruptedly except during dialysis, when the shunt is removed and the tubes
are hooked up to the artificial kidney. Some chronic patients have been helped by this device.
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COMMERCIAL VERSION of the coil kidney is now used in many
hospitals. The disposable coil is the white object in the inner con-

of the heartbeat. Even if this does not
happen, the more potassium ions are
taken out of the blood, the more ions are
released from the cells to the plasma.
Then, when potassium builds up again
in the plasma after dialysis, the ratio
of extracellular to intracellular potassium
is still further increased, and the origi-
nal problem of heartbeat regulation is
aggravated.

Some further examples will give an
idea of the range of investigation made
possible by the artificial kidney. One
bears on the nature of uremia. The con-
dition has been recognized for centu-
ries; the term “uremia” (“urine in the
blood”) shows that its connection with
kidney disorders was apparent long ago.
But it is still not clear just which of the
substances retained by the failing kid-
ney are responsible for the symptoms.
Urea, the major nitrogenous waste, has
generally been held to be involved. Re-
cently, however, we have treated uremic
patients with an artificial kidney in
which the bath fluid contained enough
urea so that none was removed from
the blood. The patients improved, in-
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dicating that their symptoms were not
due to urea alone.

Robert I. Henkin, Pamela H. Byatt
and Morton H. Maxwell at the Uni-
versity of California at Los Angeles
School of Medicine have carried out a
similar experiment at the cellular level.
They grew human cells in tissue culture
and then bathed the cells in blood serum
from uremic patients; the growth of the
cells was markedly inhibited. When they
used serum from patients whose blood
had been dialyzed, there was no such ef-
fect. Adding urea alone to the dialyzed
serum inhibited cell growth only slightly.
Apparently some factor other than urea
that is removed by the artificial kidney
is toxic to human cells. The problem
now is to identify the factor.

xlong a rather different line, the arti-
+ X ficial kidney has thrown a new light
on the action of an old drug, digitalis.
Patients whose heart action is failing
often accumulate excess body water.
The condition is treated with diuretics,
which increase the excretion of urine.
Cardiologists have long known that this
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tainer, through which bath fluid is circulated from the large tub.
The pump at bottom right impels the blood through the machine.

treatment tends to step up the effect of
digitalis on the heart. We noted a simi-
lar phenomenon when patients who had
been given digitalis developed signs of
digitalis intoxication in the course of
treatment with the artificial kidney.
The symptoms turned out to be associ-
ated with the removal of potassium; the
loss of potassium apparently enhances
the power of digitalis already in the
heart muscle. The electrocardiographic
signs of digitalis intoxication could be
produced by removing potassium even
though the patient had taken no digitalis
for four days and had a perfectly normal
electrocardiogram just before the di-
alysis.

In such experiments as these the arti-
ficial kidney’s ability to change the con-
centration of specific substances in the
body fluids, while keeping the level of
the others constant, makes it a powerful
and flexible research tool. Used with
care and imagination, it should continue
to add to our knowledge not only of the
human kidney but also of a wide variety
of diseases and fundamental metabolic
processes.



_ Kodak reports on:

high cards for the polypropylene game... x-ray film like tape... what can be done with a puree

To John!

[~CH(CH3)CHx],

This tidy little plant cost us a tidy little sum. It stands in
Longview, Texas, receives propane by pipeline, and is now
ready to turn it into 20 million pounds of polypropylene
per annum.

We are not alone. Seven other large and reputable com-
panies are known to be playing in the game against each
other and us. If none of the players’ announced plans go
awry, 460 million pounds of polypropylene capacity will
exist in the United States next year. Sober estimates of de-
mand range from a pessimistic 300 million pounds to an
optimistic 450 million pounds by 1965. All we players must
therefore be very brave, hide our nervousness, and raise our
glasses high in a toast to the memory of Senator John
Sherman, who believed in the great public good that comes
of free and untrammeled competition.

(Other nations have ambitious polypropylene plans of
their own and are outproducing the U. S. in polypropylene
right now in the aggregate. The peoples of the earth had
better start making their artifacts out of polypropylene—
and fast!)

As the game gets under way, we hold certain strong cards.
Perhaps the other players will show you theirs, too. Tenite
Polypropylene
e Can be polymerized from propylene by two completely

different processes of our own devising, both free and

clear of the U. S. patents of others.
¢ Comes in the widest range of flow rates.
¢ Comes in a wide variety of impact-resistant formulas.
Comes in the widest variety of reproducible colors.
Is exceedingly well fortified by our own antioxidants
against oxidative deterioration.
e Has “built-in hinge,” ie. tremendous fatigue resistance
under flexure.
¢ Weathers very well when extruded in monofilament for
webbing and cordage, because of our own ultraviolet
inhibitors.
¢ Has high enough softening temperature so that when it is
extruded as sheet you can cook in it and yet on a yield basis
it costs less than cellophane.
Has the lowest ash of all current polypropylenes and
therefore the lowest dissipation factor for high-frequency
insulation.
® Has been under intensive sales service scrutiny for better than
Sfour livelong years so that we can tell you a great deal about it when

you write to Eastman Chemical Products, Inc., Kingsport, Tenn.
(Subsidiary of Eastman Kodak Company).

Why snip in the dark?

The ““cultural lag” they talk about in sociology serves in
simple ways to restrain technology from advancing too fast.
X-rays were discovered through their effect on the photo-

This is another advertisement where Eastman Kodak Company probes at random for mutual interests

graphic emulsion. Photographic emulsion comes on photo-
graphic film. Photographic film is mostly used to take pic-
tures by visible light. Visible light won’t pass through paper.
Paper therefore protects from light. The converse yields the
principle that a sheet of film must be extracted from its paper
protection before use. This principle seems sort of funda-
mental to photography. Though modern radiography em-
ploys a different kind of film and even omits a camera, the
principle of transferring the film from its package to a sepa-
rate exposure holder before use has been respectfully pre-
served (except by dentists who seem, in this respect at least,
a little brighter than the rest of us).

The chains that bind have now been sundered. Kodak In-
dustrial X-ray Film in sheets has been available for some
little time now in a Ready Pack form, enclosed in individual
lighttight packets. Now one can also buy a 200-foot roll of
70mm, 35mm, or 16mm x-ray film with a paper skin on it.
One cuts off what one needs, seals the end with opaque tape,
and strips off the paper just before processing.

You can get Kodak Industrial X-ray Film, Type AA and Type M
this way. (Type M is the one that trades speed for maximum resolu-
tion.) Eastman Kodak Company, X-ray Division, Rochester 4, N. Y.,
can supply the name of the nearest dealer.

Light as air

Millions of Americans now
facing a biological problem
without significant precedent
in all human history may well
sit up and take notice of this
picture. Theirs is the problem
of avoiding more calories than
their doctors say are good for
them while enjoying the pri-
mal delight of good eating to
which evolution has attuned
the nervous system.

Both beakers contain the
same quantity of applesauce.
The one on the right contains
only two additional ingredients: 19, of Myverol Distilled
Monoglycerides, Type 18-00 and 10009 of air. Both of these
added ingredients are recognized by competent authorities
to be as harmless as applesauce itself. One adds the mono-
glyceride, warms, and whips warm or cold. An ordinary
kitchen mixer will do. If the result is a bit too airy for the
common taste, one can either use more strongly flavored
applesauce, freeze while mixing (as in making ice cream), or
both. Even unfrozen, the fruit-fluff is every bit as stiff as it
looks in the picture and stays so for several hours. If you
want more time, you can dry it down to a powder, package
it, ship it to a store, and let a customer whip it after recon-
stituting with hot water.

It doesn’t have to be applesauce, either. We have made the
idea work just as well with pears, bananas, peaches, tomato
juice, grape juice, and sweet potatoes. We don’t see why it
wouldn’t work with any other strained or pureed fruit or
vegetables, or even with puree-like materials for purposes
other than food.

We don’t sell applesauce or any other purees. We don’t even sell

Myverol Distilled Monoglycerides in family-size quan-
tities. We love to sell them, though, in processor-size
quantities and love to talk to processors about them.

The address is Distillation Products Industries,
Keodialks

Rochester 3, N. Y. (Division of Eastman
TRADEMARK

Kodak Company).

and occasionally o little revenue from these whose work kas something to do with science
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Yes, designed for compact-
ness . . . and with no costly
extras to buy. Saves up to
509, of your valuable floor
space. But these are just a
few of the revolutionary fea-
tures of the new Stokes
Series H Microvac pump.

Find out why Stokes offers
you more pumping perform-
ance per dollar. Just write:
Vacuum Equipment Division,
F. J. STOKES CORPORATION,

0 TABOR RD., PHILA. 20, PA.

STOKES
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Genetic Messenger

r I Vhe communication system that car-
ries instructions from the genes
to the protein assembly lines in

the living cell has apparently been dis-

covered. Recent papers in Nature from
the California Institute of Technology
and Harvard University report evidence
that the job is performed by an unstable

“messenger” form of ribonucleic acid

(RNA).

In the past few years it has become
almost certain that the blueprints for
proteins are recorded in the genetic
material proper: deoxyribonucleic acid
(DNA). The actual templates on which
the amino acid units of proteins are as-
sembled consist of stable RNA and are
located in small cellular particles known
as ribosomes. (A third type of RNA—
“transfer RNA”—brings the amino acid
units to the ribosomes.)

The link between blueprint and tem-
plate, however, is not clear. It has been
generally supposed that each gene—i.e.,
each complete coding sequence in the
genetic material—acts as a template in
making ribosomes that are specialized
for the production of a particular pro-
tein. But recently this idea has run into a
number of difficulties, chiefly the fact
that RNA samples from different ribo-
somes seem remarkably alike and there-
fore are not adapted to the manufacture
of widely different proteins. According-
ly Francois Jacob and Jacques Monod
of the Pasteur Institute in Paris have
suggested that ribosomes are general-
purpose factory buildings, so to speak,
which can house templates for various

| proteins. The templates are unstable
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molecules of RNA, made by the genes,
and are used perhaps only once before
disintegrating.

While visiting Cal Tech, Jacob, to-
gether with Sidney Brenner of the Uni-
versity of Cambridge and Matthew
Meselson of Cal Tech, found direct sup-
port for this picture in experiments on
the colon bacillus (Escherichia coli)
and a virus that infects it. When E.
coli cells are infected with virus, the cells
stop making their normal protein and
begin to manufacture virus protein. Ac-
cording to the old view, they would
need new ribosomes to do this; on the
messenger hypothesis, however, they
would require only a new kind of un-
stable RNA.

Jacob and his colleagues grew E. coli
in a medium containing heav_v isotopes
of carbon, nitrogen and phosphorus.
Then theyv infected the bacteria with
virus and transferred them to a “light”
medium containing a radioactive tracer.
Thus RNA formed by the uninfected
cells before transfer would be “heavy,”
whereas RNA formed by the infected
cells would be light and radioactively
labeled.

Analysis showed that no new stable
RNA or ribosomes formed after infec-
tion; the virus made use of pre-existing
bacterial ribosomes. What was formed
after infection was a new and unstable
RNA. The new RNA was found, further-
more, to migrate to the ribosomes, which
thereupon began manufacturing a new
protein—virus protein.

At Harvard, Francgois Gros and H.
Hiatt, visiting from the Pasteur Institute,
together with the Harvard workers
Walter Gilbert, C. G. Kurland, R. W.
Risebrough and James D. Watson, per-
formed a similar trick with uninfected
colon bacilli. They exposed growing cells
to a brief labeling “pulse” (10 to 20 sec-
onds long) in a medium containing ra-
dioactive precursors of RNA and found
that the radioactivity was incorporated
first in unstable RNA molecules and not
in ribosomes.

Genes without Cells

For the first time genes have been made

to carry out their specific function
outside a living cell. The feat was per-
formed by G. David Novelli, a biochem-
ist at the Oak Ridge National Labora-
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tory, who reported his experiments at a
symposium in Cold Spring Harbor, N.Y.

Novelli worked with DNA extracted
from the colon bacillus. In one set of ex-
periments he induced the formation of
an enzyme, beta-galactosidase, in his
test tube system with DNA containing
a gene for the production of this enzyme.
In another he shut off production with
DNA containing a gene that suppresses
the enzyme synthesis.

Many strains of the colon bacillus bear |
the gene for producing beta-galactosi- |
dase. Some also have a suppressor gene |

and form the enzyme only when treated
with a suitable “inducer.” Still other

mutants lack the enzyme gene and can- |

not produce beta-galactosidase at all.

To demonstrate the action of the en- |

zyme and suppressor genes in vitro,
Novelli prepared a cell-free, DNA-free
colon bacillus soup by breaking up the
cells mechanically, centrifuging out the
cellular debris and treating the remain-
ing material with an enzyme that de-
stroys DNA. (He took care to avoid
damaging ribosomes, the particles in
which proteins are formed in living
cells.) He then added inducer com-
pounds, amino acid building blocks for
the enzyme, nucleotide building blocks
for “messenger” RNA [see “Genetic
Messenger,” above] and compounds to
provide energy.

This mixture proceeded to synthesize
beta-galactosidase following the addition
either of DNA extracted from bacterial
strains that regularly synthesize the en-
zyme or of DNA from “inducible” strains
that had been treated with inducer be-
fore being killed. The enzyme was also
produced by fragments of the appro-
priate DNA molecules, although Novelli
has not been able to determine how
large a portion of the original molecules
the fragments represent. DNA from non-
producing strains, on the other hand,
made no enzyme. And DNA from sup-
pressor strains that had not been pre-
treated with inducer promptly cut off
enzyme production when they were
added to preparations in which enzyme
synthesis had been taking place.

Four Echoes from Venus

rhree months ago the uncertainty in
L measurements of the mean distance
from the earth to the sun—the astronomi-

Transistors

and

A Brief Discussion of A Major Problem
In Semiconductor Technology

ECOGNITION of Transistor Noise as a ma-
jor problem in electronic technology
has been growing rapidly. But, to para-
phrase Mark Twain, everybody has been
talking about transistor noise, but no one
has been doing anything about it—until now.

While some of the physical mechanisms re-
sponsible for this noise are still imperfectly
understood, the disastrous effects of tran-
sistor noise upon ultimate performance are
all too obvious.

The problems of excess transistor noise are
complicated by the fact that there are few,
if any, rules to guide the engineer. It is true
that high-frequency transistors tend to ex-
hibit a greater level of noise than do lower
frequency devices, and that silicon seems to
be an inherently more noisy material than
germanium. But even these broad generali-
zations are dangerous, since noise levels dif-
fer so widely between individual transistors
of the same type, the same manufacturer,
and even from the same production batch.
Noise levels may range, by actual measure-
ment, from a few millimicrovolts to well into
the millivolt region.

NOISE AND RELIABILITY

In addition to the question of the destruc-
tive effects of noise upon performance, there
is a rapidly increasing mass of evidence to
indicate that a correlation may exist be-
tween noise and reliability. While no firm
relationship has yet been established, there
are many indications that the dependability
of a transistor that exhibits an abnormal
amount of noise may justly be suspected.

In either case, the only safeguard is 100%
inspection of critical transistors for noise.

BASE SPRCADING
RESISTAMCE

EQUIVALENT NOISE
VOLTAGE GENERATOR

SOURCE
RESISTANCE

EOUIVALENT
WOISE

CURRENT
GEMIRATOR

THERBAL NOISE
GENERATOR. SOURCE
BESHTANCL

MODEL 310 TRANSISTOR
NOISE ANALYZER

Quan-Tech Laboratories has developed an in-
strument specifically for such measurements.
The Model 310 is a single, bench-size unit
that provides rapid, accurate, quantitative
measurement of the equivalent noise gen-
erators within a transistor. Measurement is
made at three frequencies (100 cps, 1000 cps
and 10 kc) simultaneously, thus providing
a three-point spectrum analysis of the tran-
sistor noise characteristic. Measurement of
both noise voltage and noise current may be
made, permitting prediction of noise figure
for any specific input impedance. Two re-
sistance standards are incorporated in the
Model 310 for making noise figure measure-
ments, and provision is included for connec-
tion of an external resistance of any desired
value for specialized needs. As an added
convenience the Model 310 also measures
Icbo, Iebo and Beta.

Operation of the Model 310 is simple, and
noise measurements may be made in a mat-
ter of seconds, suiting the instrument for
production-line applications as well as for
laboratory use.

From the standpoint of the transistor manu-
facturer, the Model 310 is an invaluable tool
for quality control, as well as for basic re-
search. Moreover, the Model 310 enables the
manufacturer to specify in unequivocal
terms the amount of noise generated by his
devices.

From the standpoint of the equipment manu-
facturer, the Model 310 permits culling out
noisy transistors at incoming inspection, be-
fore they can be installed in equipment,
where they would degrade performance and
jeopardize reliability.

* * *

A new technical report, “A
Practical Approach to Transis-
tor Noise” has just been issued
by Quan-Tech Laboratories.
Copies are available at no cost
by writing to the address below.

Equivalent Noise Generators
of A Transistor

Q
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cal unit (A.U.)—was still about 50,000
35-mm camera | miles [see “The Size of the Solar Sys-
tem,” by James B. McGuire, Eugene R.

QUESTAR TELESCOPE ~,

CONTAMINATED ZONE ; UNCONTAMINATED 2ONE
FROTECTIVE CLOTHING ‘\ Spangler and Lem Wong; SCIENTIFIC
\ ’j f,gom%%?_ﬂaox AMERICAN, April]. Thanks to powerful
\_ P / new radar sets, sensitive receivers and
":},::’ L_{ the inferior conjunction of Venus and
ANTICULATED WARCA CON= ’f,/ i earth on April 10 (which brought the
} S e o sion \ two planets within 26.3 million miles of
- ; each other), the odds are now at least

’ - 21~11-LONG OMMISCOPE \ three to one that the A.U. has been es-
. [ ‘ tablished accurately to within 2,000

) AT A \ miles. It probably lies between 92,955,-
CEARMG FOR BOTATIONAL AND ~ 000 and 92,957,000 miles.

SUPPORT FOR OMNI- i
SCOPE AND ARTICU- —
LATED MIRROR

During May four teams of investiga-
ICLASSIFIED . . . .
2B ORNL-LRZDWG 54675 tors in three countries—the United King-
— W SHIELD
UPPER ROOF PLUGS ~—_ ) dom, the U. S. and the U.S.S.R.—report-

ed what happened when they sent radar
signals toward Venus and precisely
measured how long it took for echoes
to return. Knowing that the signals
traveled with the speed of light, they
could calculate the distance to Venus
and from this, using well-established
astronomical relationships, they could
determine the A.U.

Three groups—at the Jodrell Bank
Observatory of the University of Man-
chester, at the Lincoln Laboratory of
the Massachusetts Institute of Technolo-
gy and at the Jet Propulsion Laboratory
of the California Institute of Technology
/ —got essentially the same answer. The
TROMNISCOPE, OBUECTIVE 4ND Soviet value for the A.U., reported by
V. Kotelnikov and I. Shklovsky, falls

. L. . . some 88,000 miles short of the other
This schematic diagram was sent to us by Oak Ridge National

Laboratory at Oak Ridge, Tennessee, operated by Union Carbide three. The four values in n.nles and their
Corporation, for the U. S. Atomic Energy Commission. It shows pI'Ob’c‘lble accuracy, as given by each
how the versatile Questar telescope, in the uncontaminated zone at top group of workers, are as follows:

right, permitted metallurgists to work without protective clothing in comfort
and safety while examining the interior of a radioactive core vessel twenty feet

below the 5-foot-thick concrete shield. By means of a remotely controlled mirror, Manchester 92,956,600 = 3,000
the operator could direct light rays from a 21-foot periscope, called an Omniscope, Cal Tech 92,956,000 =+ 1,000
into the Questar, where visual or photographic images were formed at will. Inside M.LT. 92.955.400 + 1.000
the empty tank the radiation level sometimes reached 100,000 roentgens per hour, a ’ ’ iy ?

small fraction of which would be lethal. With a 35-mm. camera attached to Questar’s US.S.R. 92,868,000 + 3,000

optical axis 5 x 7 prints were secured giving magnifications of 4 and 16x, while
the standard Questar eyepieces allowed visual inspection at 4, 8, 16 and 32

1 3 X . 0 Although the Soviet value is inexplic-
diameters magnification. We are told that the metallurgists were highly

pleased with Questar and optimistic about its possible use in other diffi- ably low, it is Only 7,000 miles ](?SS than
cult applications. The examination proved the feasibility of powers to the first radar-echo values obtained by
60 diameters with improved lighting, that stereophotography is possi- the Lincoln Laboratory and ]odrell Bank

ble, and that mapping of the entire inner surface of the vessel may
be done with a motion picture camera attached to Questar.

in 1958 and 1959. These two groups now

assume that their previous results were

It was nice to hear in error. The new radar values are also
that a standard Questar, 31,000 miles higher than the A.U. value
without any modification at . . )

all, had proved to be so useful obtained last year by tracking Pioneer V
in this most exacting application. to a distance of 22 million miles in its
The incomparable Questar is priced bit ar d th

from $995. Each one is an optician’s orbit aroun € sun.

individual masterpiece. In the story above, All four groups attempted to learn
Questar was performing in its unique something about the rotation rate of
role of long-distance microscope. .

We would be very pleased to Venus and the nature of its surface by
send you our latest analyzing the frequency spread of the

32-page booklet.

QUESTAR

BOX 20 NEW HOPE, PENNSYLVANIA

returning radar signal. Again there was
variance in results and inferences. The
Soviet astronomers, who found a sub-
stantial spread in the signal, concluded
that Venus rotates once every 11 days
or less. The Jet Propulsion Laboratory
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Banish mosquitoes and flies with Malathion insecticides. Beauty with a punch—that’s Formica® decorative laminate.
Just spray it on your lawn and shrubs before the guests arrive, Gives you parlor room elegance on the patio. One swisn wiun
and you won't be pestered by all those buzzing party crashers. a sponge —it’s clean as new. And with Formica, who needs coasters?

Entertaining idea: break-resistant Melmac® quality melamine Stay prettily poised in fashions of Creslan® acrylic fiber.
dinnerware. Looks like it came right from the china closet, Even at the end of a bustling party, the cool, clean freshness
but you won’t have to stay up counting the chips after the party. of Creslan makes any hostess sparkle like the first evening star.

HOW TO SOLVE 4 OUTDOOR PARTY PROBLEMS

Invite Cyanamid chemistry. Malathion gets bugs before they get you. Formica adds new
beauty and toughness to furniture. Beautiful, break-resistant Melmac dinnerware takes
the care out of casual dining. Fashions of Creslan keep you cool and calm on a busy
evening. These are four of more than 6,000 ways Cyanamid chemistry works for you.

__é YANANIX _D 1E AMERICAN CYANAMID COMPANY, 30 ROCKEFELLER PLAZA, NEW YORK 20, NEW YORK
— —
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Ideas in Electronics
from Norton

The electronics industry became a
giant before it became a baby.

This outstanding growth has been
largely due to the development of new
materials — refractory materials with a
great range of electrical properties. The
prime source of these idea refractories is
Norton Company.

For example, refractory fused alumina
has high constant resistivity, to assure
minimum leakage between elements in
TV, radio and radar tubes. The same
material is a recent innovation for tran-
sistor potting. Norton silicon carbide is an
essential component in lightning arrestors

and other non-linear resistors because of
its variable voltage-current relationship.
Silicon carbide is also finding new uses in
microwave absorption, and as single
crystals in high temperature rectifiers
and transistors.

Fused magnesium oxide, used in most
heating elements for electric ranges, has
gained acceptance in such areas as ad-
vanced thermocouple design and infra-
red transmission.

Norton offers a wide choice of super-
refined refractories, including oxides,
borides, nitrides and carbides, and is
ready to work with you in engineering
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materials to meet your needs. But above
all, Norton offers ideas in every field in
which refractory materials play a part.
Write NORTON COMPANY, Refractories
Division, 546, New Bond Street, Wor-
cester, Massachusetts.

NORTON

REFRACTORIES
Crystallizing ideas
into products



workers found a spread of only 5 to 10
cycles and therefore concluded that one
rotation may take a whole Venusian
year, or 225 earth days. This rotation
rate is tied to the assumption that Venus
has a crater-marked surface like that of
the moon. (If Venus were perfectly
smooth, the reflection would appear to
come from a point and no spread of sig-
nal would be detected.) The Lincoln
Laboratory group found so little spread
(less than one cycle per second) that
they report “it is impossible to deter-
mine the planetary rotation.” Fortu-
nately there will be many more inferior
conjunctions of earth and Venus before
someone begins to pack for a trip to the
small planet.

Too Many Drugs

Il] recent years 400 to 500 new drugs

have been put on the market annually
by the U. S. pharmaceutical industry.
The number of prescriptions filled by
druggists has risen from 182 million in
1939 to 712 million in 1959. More than
70 per cent of the money now spent on
prescription drugs is spent for products
less than 10 years old. But many of the
new medicines, declares Mindel C. Sheps
of the University of Pittsburgh, are being
produced “in the same atmosphere that
produces a rapid turnover in automobile
models” and are being marketed without
adequate evidence of value.

Writing in the Journal of Public
Health, Sheps points out that the earliest
trials of new drugs are usually arranged
by the manufacturer. “Although some of
these studies are of high quality, the
scientific requirements for careful inves-
tigation of the clinical worthiness of a
drug, including its superiority to existing
produc:s, have to compete with high-
pressure marketing demands.” The in-
fluence of these demands is illustrated
by a quotation from the medical director

of one pharmaceutical company: “The |

papers reporting the early studies stimu-
late interest in the product and give it its
first promotional ‘push,” but the studies
themselves are really initiated to get
scientific information. A second, and
usually later, group of clinical trials
serves promotional ends more directly.
These trials are set up primarily to in-
crease the medical profession’s accept-
ance of the new drug and to gain its
greater use. They seek to do this by in-
creasing the number of papers published
in journals or presented at medical meet-
ings—all dealing with the new drug.”
Sheps asks: “When is the clinical value
of the drug studied?”

Actually the number of new drug

M20

WITH CAMERA 2 — Permits continuous bin-
ocular observatian. Phototube deflects 25%
of light to binocular tube. Special format
indicating eyepiece provides rapid perfect
focusing.

WITH CINETUBE — Lse with any 16mm mowlie
camera having 50mm or 75mm focal lengths,
Focus on specimen during film expasure.

Contains two built-in beam splitters plus a
photocell for exposure determination (with
galvanometer), and an internal ppojection

tube for titling or designating fuatage
WITH INCIDENT LIGHT ATTACHMENT — Permits
observation and photomicrography under
bright and dark field conditions, with
polarization. Optical quality and handling
convenience fully comparable to specially
designed incident light microscopes.

"WILD

WILD"

MICROSCOPE

The one instrument for all research

and scientific investigation

WITH DRAWING TUBE — Stress parts of a
preparation, comfin: separated details,
observe and draw various layers of the
object, secure facsimile or enlarged illus-
tration of the picture...in perfect operator
comfort.

Phase contrast, Varicolor, Universal Lamp,
and other accessorigs are also available
for the Wild M-20.

Can any other micrascope offer so much
versatility, precision and utility? Your own
evaluation of this superb Swiss crafted
instrument will provide the answer.

WRITE FOR BOOKLET Mz20.

*The FIRST name in Surveying Instruments,
Photogrammetric Equipment and Microscopes.

WILD HEERBRUGG INSTRUMENTS, INC.
PORT WASHINGTON, NEW YORK

157 Maclaren St., Ottawa, Ontario
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recording history
at the bottom
of the sea

Far below the surface, in a sealed steel ball on the Trieste bathyscaph,
a new chapter in undersea history is being recorded—on magnetic
tape. Operating in an environment of 99% relative humidity, a high-
performance instrumentation tape recorder captures a permanent
record of depth, temperature, ambient noise, and voice.

The recorder, Precision Model P5-207 as
shown at right, was modified for the application
by Lockheed Aircraft Corporation, Sunnyvale,
Calif., and supplied by them to the Naval Elec-
tronics Laboratory, San Diego, for the Trieste
installation.

For delails on Precision P5-200 series analog and dig-
ital recorders for other opplications, write

PRECISION INSTRUMENT COMPANY
101l Commercial Street » LYtell I-444] » San Carlos, California
Cable: PRINCO, San Carlos, California « TWX: SCAR BEL 30

Representatives in principal cities throughout the world
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| products has grown so large that only a
small proportion can be tested by physi-
cians with the facilities and experience
to conduct clinical trials. “A great part
of the so-called clinical evaluation of
new drugs,” Sheps concludes, “is un-
scientific, lacks adequate provisions to
eliminate bias, and cannot be objective-
ly judged.”

Spark Chamber

l) rogress in high-energy physics has
followed closely on the development
of its basic tools: accelerators, for mak-
ing particles; and detectors, for observ-
ing what they do after they are created.
In the past few months experimenters
have been trying out a device that prom-
ises to be the best new detector to come
along since the bubble chamber.

Called the spark chamber, it consists
of a set of parallel conducting plates,
set about half an inch apart in a vessel
containing a gas such as neon. Alternate
plates are connected to opposite sides
of a generator, producing a potential
of about 10,000 volts between each pair.
When a charged particle passes through
the array, it leaves a segmented trail of
ionized gas atoms between the plates.
Each segment acts as a nucleus for a
localized spark that jumps from one
plate to the next. By photographing the
track of sparks from two perpendicular
directions, the three-dimensional path
followed by the particle can be recon-
structed.

This arrangement has several advan-
tages. It is simple. It operates at atmos-
pheric pressure. Neither the gas nor the
plate material need be highly purified,
and the exact shape of the plates is not
critical. A big detector with many heavy
plates is not much harder to build than
a small one.

A key feature of every detector is
“resolution”—the ability to localize a par-
ticle in time and space. The spark trail is
not so fine as those in cloud or bubble
chambers; hence its space resolution is
poorer. But the time resolution is thou-
sands of times better. The spark cham-
ber is sensitive only when there is high
voltage on the plates, and voltage can be
applied in pulses lasting only a ten-
millionth of a second. Between pulses
a small, steady voltage sweeps the gas
clear of ions. Therefore only the par-
ticles passing through the chamber dur-
ing the time of the pulse leave visible
tracks. Auxiliary detectors can be ar-
ranged to set off a pulse only when some
specific type of event takes place.

As more powerful accelerators are ap-
plied to the study of more unusual
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\f an intruder comes, the Succesg
or failure of his mission will depend
first on the speed with which he is detected
and identified. Designing, developing and manufac-
turing critical RF equipment is one of the specialized
areas in which Budd Electronics provides an unusual
range and depth of capability. RF Systems Dept.,
Budd Electronics, 43-22 Queens Street,
Long Island City 1, New York.

Career opportunities for scientists and engineers are available. Qualified personnel are invited to apply.
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Cordwood technique iue_d"iq MiniWeld

Award Committee as a kaging break-
through in high-density electronic systems.

That it is, friend Dyna-Soar, for your orbital research flights, or for any number of other
space applications. This “cordwood” system is an example of EECO’s welded matrix
packaging technique for digital systems. It’s called MiniWeld...a total system concept
which utilizes standard components but packs them like cordwood into the greatest
possible density. MiniWeld systems meet or exceed MIL-E-5400C, Class I or II specifi-
cations. .. withstand extreme temperatures...endure shock of 50g and vibration of 30g
(50 cps to 3000 cps). MiniWeld is established hardware with 152 compatible digital
circuits catalogued...up to 200 circuits may be cordwood-stacked in a single frame.
Mini-Circuits are interconnected with welded ribbon matrix. .. wire-wrap techniques tie
the Mini-Circuit and cable modules into a system that could go to the moon — and work.

Digital equipment has been an EECO specialty since 1947. So have time code generators,
tape search and control systems and timing system complexes with full auxiliary equip-
ment. Is your project mired in the tarpits because of a space-borne timing and equipment
problem? Let EECO help you out. Write for MW-1 data.

@Electronic Engineering Company of california 1601 E. Chestnut Ave., Santa Ana, Calif.
® Klmberly 7-5501 « TWX: S ANA 5263

EE 1.30
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events, the size, mass and time resolu-
tion of detectors become increasingly
important. High-energy particles can
traverse a large quantity of matter be-
fore exhausting their capacity to inter-
act. In particular, a large and massive
target is necessary if weakly interacting
particles such as neutrinos are to have
a reasonable probability of producing
recognizable events within the confines
of the detector. And the lower the time
resolution, the more unwanted particle
tracks accumulate to obscure the few
significant ones.

The first working spark chamber was
built in 1959 by S. Fukui and S.
Miyamoto in Japan. Currently the Co-
lumbia University physicist Leon M.
Lederman and his colleagues are as-
sembling the biggest one yet—a 10-ton
chamber made of 100 aluminum plates
each four feet square and one inch thick.
They plan to use the device this summer
in conjunction with the 30-billion-elec-
tron-volt synchrotron at the Brookhaven
National Laboratory in an experiment on
high-energy neutrinos.

Operating under Pressure

Surgeons in Holland are performing ex-

perimental operations inside a steel
tank under an air pressure three times
normal atmospheric pressure. The object
is to prolong the period during which
heart operations can be carried out with-
out the use of a heart-lung machine. At
a pressure of three atmospheres red
blood cells and blood plasma can hold
about twice the usual quantity of oxy-
gen. In a patient whose need for oxygen
has been reduced by lowering his body
temperature, this will supply sufficient
oxygen to allow complete halting of the
circulation for 10 minutes or more—
time enough for many operations inside
the heart.

Although the high pressure helps the
patient, many doctors and nurses find it
uncomfortable, and not all can tolerate
it. Nevertheless, the Dutch workers feel
that the technique for adding oxygen to
the blood will prove helpful in treating
impaired circulation in the brain and
limbs, poisoning with toxic gases and
other conditions as well as in cardiac
surgery.

Cosmic Cloudburst

A record shower of cosmic ray parti-
cles has been recorded at Volcano
Ranch, a New Mexico research station
of the Massachusetts Institute of Tech-
nology. Containing between 20 and 40
billion charged particles, it must have



NEW FROM DUPONT...

a thermoplastic
“Teflon” film that’s
easy to fabricate
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LAMINATE ITI\8OND IT

New “TErFLON”* FEP-fluorocarbon film has nearly all the
unique advantages of ““TEFLON” TFE with one big plus. It’s a
true thermoplastic that can be easily formed and sealed. One
type of this new film can be applied with adhesives, another
can be laminated and heat-bonded without them.

Here are just some of the advantages of ‘“TEFLON’’ you get
in this new film ® Unique antistick and low-friction properties
¢ Chemically inert to practically all known chemicals ® Elec-
tricals are high (up to 4,000 volts/mil dielectric strength) and
stay high e Performance stays virtually constant from -250°C.
to over 200°C.

“TEFLON” FEP film opens the door to whole new areas of
design and product improvement. Mail coupon and start in-
vestigating “TEFLON’ FEP film for yourself. (Briefly describe
the end use you have in mind.) *Du Pont trademark
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where

have the

simple relays

gone?

Many, of course, have disappeared
along with the relatively simple jobs
they were asked to perform. (A good
telegraph relay * or pulse repeater today,
for example, should not only be small but
able to transfer its contacts on a milliwatt
or so about 500 times a second for half a
billion operations — and then be repair-
able, adjustable and lovable besides.) But
there are still plenty of naive, uncompli-
cated loads around that ask only to be
switched on and off, at reasonable inter-
vals, by a device that doesn’t have so
many parts and fancy thingamajigs that
it may become temperamental and refuse
to work without being coaxed.

For such applications we are happy to say
we have a paragon of ingeniously simple,
fool-proof relay design. It won’t make the
same confidence-inspiring noise as the
classic above and it’s not for telegraphy,
but you can see through its enclosure and
watch its contacts surely open and close.
The designer started with the
familiar enclosure and octal plug-
in base and then developed the
relay accordingly (with UL re-
quirements in mind); he didn’t

*Plug (octal, that is) for Sigma Series 72 relay

SIGCMA INSTRUMEBNTS, INC.

40 PEARL ST., SO.
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"2\, just take an existing relay and tack

~

b

on a new base and enclosure. As a re-
sult, the parts make the best use of the
volume (135" square X 26" high) and are
big, simple, rugged and few in number.
The base is specifically designed to carry
the 10 amp. loads the relay will switch.

The relay is designated “Series 46" and
intended for general purpose, heavy - duty
DPDT switching on AC or DC inputs.
Rated DC loads are 5 amps at 28 volts,
1 amp. at 120 volts; AC, 1200 volt-
amperes per pole with 240-volt and 10-
amp. maximums. Life ranges from 10
million operations with 1-amp. loads to
half a million with 10-amp. loads. The
relay can be as sensitive as 200 milliwatts
DC, or 0.2 v-a AC.

We've looked at what else is available for
the same modest price and the 46" specs
give us considerable hope. If your prob-
lem has been the right specs but the wrong
price, or vice-versa, perhaps
you'd like the 46 AC and DC

bulletins. In the meantime, always

remember: You can be sure if it’s
Sigma, it’s simple.

BRAINTREE 85, MASS.
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been produced by a primary cosmic
ray entering the atmosphere with an
energy between 10 billion billion (101?)
and 100 billion billion (102°) electron
volts, says John Linsley, director of the
station.

This shower represents the second
known instance of a primary with energy
above 1019 electron volts. The first one
was recorded in December, 1959, also
at Volcano Ranch. The second occur-
rence confirms the existence of cosmic
rays in this energy range and supports
the idea that they originate outside

| our galaxy. Current theories of the or-
igin and acceleration of cosmic rays,
and the current picture of the galaxy,
can explain how a particle coming from
somewhere within it could acquire an
energy as high as 10'. No mechanism
conceivable at present, however, could
give rise to particles of higher energy.
| Any particle arriving at the earth with
| greater energy must have started its
journey somewhere outside the galaxy.

Snizard

rrhe first living specimen of the Bor-
- nean earless monitor, an animal that
bridges part of the evolutionary gap be-
tween lizards and snakes, has been
found in Borneo. Four or five dead speci-
mens had turned up in the 50 years since
the first one was discovered, but the
failure to encounter a live monitor con-
vinced herpetologists that it was prob-
ably extinct.

Lanthanotus borneensis, to give the
animal its Latin name, is among the clos-
est living relatives of the mosasaurs,
giant marine lizards that dominated the
seas late in the age of dinosaurs 100
million years ago. Mosasaurs had skulls
resembling those of living lizards but had
the curved teeth and loose jaws of
snakes. Both dinosaurs and mosasaurs
died out in Cretaceous times. Small liz-
ards descended from the mosasaurs suc-
cessfully adapted to life on land; one
group is thought to have evolved into
modern snakes. No fossil remains have
been found of lizards that look as if they
had been about to enter snakedom, but
zoologists suspect that these animals
closely resembled Lanthanotus.

Essentially nothing is known of the
character and habits of the Bornean ear-
less monitor—not even if it is poisonous,
like its cousin the Mexican beaded
lizard, or the Gila monster. Authorities
at the Sarawak Museum in Borneo are
preoccupied merely with trying to keep
it alive; it has refused to eat any of
the fish fry, insects and worms offered it
since capture.
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ONLY RYAN DOPPLER NAVIGATORS ARE
IN PRODUCTION FOR ALL THESE AIRCRAFT!

Ryanav* Doppler Navigation Sets, pioneered by Ryan Electronics, are the most advanced and most versatile
Doppler navigators yet devised.

Because of their small size, light weight, and high performance, Ryanav sets meet the operational require-
ments of virtually every type of aircraft. Thousands of Ryanav units are now in use or in production for more
than 25 types of military aircraft — including helicopters, drones and supersonic jets.

The U.S. Government looks to Ryan Electronics as a major source for Doppler navigators. Elsewhere in the
Free World, other weapon systems developers are installing Ryanav equipment in aircraft for service under the
North Atlantic Treaty Organization. Ryan Electronics - Ryan Aeronautical Company, San Diego, California.

RYANAV DOPPLER NAVIGATORS NOW IN PRODUCTION:
AN/APN-97A Helicopter Ground Velocity Indicator, AN/APN-122(V)
Doppler Navigation Set, AN/APN-129(V) Doppler Navigator for U.S.
Army Fixed-Wing Aircraft, AN/APN-F30 Helicopter Hovering & R Y A N

Ground Velocity Indicator. erraoemarc -

Ryan Electronics offers challenging opportunities to engineers. ELECTRONICS
77
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SHILLELAGH

U.S. Army Missile System

The SHILLELAGH is being developed for the U.S. Army under the over-all direction of the U.S. Army Ordnance Corps.
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The United States Army SHILLELAGH surface-to-surface guided
missile-like its Irish namesake-will be simple, reliable . .. lethal.
Against enemy targets-moving or stationary—SHILLELAGH's accu-
racy and firepower will provide the U.S. Army a devastating new
weapon that kills with a first-round probability approaching unity
...and at ranges never achieved in antitank warfare. SHILLELAGH
is now under development at Aeronutronic, prime contractor on

this advanced weapon system.

AERONUTRONIC DIVISION 507’5%/@[07’%7%((4% DEFENSE PRODUCTS GROUP

FORD ROAD. NEWPORT BEACH. CALIFORNIA

: Y e Ty BTt O ’ .
SHILLELAGH is one of many advanced programs currently under development at Aeronutronic’s
new, million-square-foot Engineering & Research Center at Newport Beach in Southern California.

Write for information about Aeronutronic’s
capabilities and career opportunities now
open for engineers and scientists.
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WEATHER SATELLITES

Tiros I and Tiros Il have provided a broad view of the circulation

of the atmosphere. Future satellites will gather even more useful

information on this circulation and the earth’s total heat budget

little more than a year has passed
A since meteorologists saw for the

first time the large-scale weather
patterns they plot on their charts. The
first view was provided by the weather
satellite Tiros I, launched on April 1,
1960, which produced some 14,000 good
pictures of the earth and its cloud
cover during its 78 days of operation.
Tiros II, launched last November, has
returned about 24,000 useful pictures
and is still operating as this article goes
to press. In addition, Tiros II has been
gathering—at the rate of some 2.5 mil-
lion readings a day—the first compre-
hensive measurements of the visible and
infrared radiation leaving the top of
the earth’s atmosphere. This radiation
is made up partly of reflected sunlight
and partly of infrared waves emitted by
the earth’s surface and the atmosphere.

How have these pictures and radiation
measurements affected the science of
meteorology and the practice of weather
forecasting? Have they given rise to
new concepts? Have they improved the
accuracy of ‘forecasts? This article will
present some preliminary answers. The
behavior of the atmosphere is so com-
plex that it was not to be expected that
a few months of satellite observation
would suddenly clarify weather proc-
esses or lead to an immediate improve-
ment in forecasts. Nevertheless, meteor-
ologists who have been following the
data received from Tiros I and Tiros 11
are convinced that weather satellites
will have a revolutionary impact on their
science.

Because of this conviction an enlarged
series of weather satellites is being
planned by the U. S. Weather Bureau in
co-operation with the National Aero-
nautics and Space Administration. The
series will include at least four more
Tiros satellites, which utilize simple
spin stabilization and are therefore said

80

by Morris Neiburger and Iarry Wexler

to be space-oriented; this means that
their central axes tend to remain pointed
in a fixed direction in space. The more
advanced Nimbus series, to be placed
in polar orbit, will be earth-oriented,
meaning that they will keep their cen-
tral axes pointed constantly toward the

earth. The still more advanced Aeros
series of weather satellites will circle
the Equator at a distance of about 22,000
miles and at the same speed the earth
is turning, thus permitting them to view
the same area of the earth at all times.
This series of space vehicles will cul-

INDIAN OCEAN CYCLONE, photographed by Tiros I, provides a majestic view of the
vast expanses covered by ordinary weather processes. Not to be confused with a hurricane,
which is much smaller and more violent, this storm has a diameter of almost 1,000 miles.
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minate in a fully integrated system of
weather satellites.

One can visualize an ideal weather
service in which satellites automatically
feed their global reports into electronic
digital computers that process the data
and produce weather forecasts without
human intervention. One can look much
further in time and imagine computer-
controlled devices capable of modify-
ing the predicted weather—if it is un-
favorable—before it has a chance to de-
velop.

A New View of Clouds

The most spectacular product of the
first weather satellites has been the thou-
sands of television pictures of clouds.
Meteorologists were not sure in advance
what could be learned from such pic-
tures or how they could be used in
weather forecasting. Each of the Tiros
satellites carried aloft two cameras.
One is provided with a wide-angle
lens able to cover an area about 800

The first view (left) was taken April 30, 1960, on the satellite’s
416th orbit of the earth; the next view (middle) was taken on
the next pass, about 100 minutes later; the third view (right)

miles across if the lens is pointed straight
down; the second camera has a nar-
row-angle lens covering an area 80
miles across. The resolving power of
the wide-angle lens is about three miles;
that of the narrow-angle lens, about
.3 mile.

The first day’s pictures from Tiros I
disclosed two important features of the
organization of cloud patterns, subse-
quently confirmed by many more ex-
amples. The first is that large-scale low-
pressure areas, and their associated cy-
clonic wind patterns, are almost always
accompanied by circular cloud patterns,
up to 1,000 miles or more in diameter
[see illustrations on these two pages].
These cloud patterns have a banded
structure reminiscent of the smaller (and
much more rapidly rotating) cloud pat-
terns that occur in hurricanes. The sec-
ond important type of pattern revealed
by Tiros I, perhaps more surprising than
the first, consists of an extensive area
populated by many crescent-shaped or
doughnut-shaped cloud cells, each some
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30 to 50 miles in diameter [see illustra-
tions on page 83]. The cells are too large
to be seen whole from the ground and
too small to be revealed by the widely
spaced data that are plotted on conven-
tional weather charts. Apparently the
cloud cells are associated with large con-
vection currents, which probably play
an important role in transferring heat,
water vapor and momentum from the
ground and the ocean to the lower lay-
ers of the atmosphere.

The pictures from Tiros I show a num-
ber of other interesting features: spiral
cloud bands of a tropical cyclone (the
term used in the South Pacific for a
hurricane or typhoon) north of new Zea-
land; cirrus streamers associated with a
jet stream over the southern Andes; dou-
ble-vortex clouds in cyclones that ap-
parently have only one low-pressure
center; cumulus-cloud “streets” (long
parallel rows of puffy clouds) in the
tropics; a single long, thin cloud about
five miles wide and several hundred
miles long (perhaps an airplane-con-

was taken on the 429th pass, the next day. The photographs were
made from an altitude of about 450 miles with the satellite’s
wide-angle television camera, which was pointed west-southwest.
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densation trail) east of Florida; a long,
thin cloudless streak embedded in an
otherwise unbroken cloud deck near
Madagascar. The satellite picture of an
isolated “square” (actually rhombic)
cloud about 100 miles across raises the
possibility that tornado-producing clouds
may be distinguished from hundreds of
ordinary thunderstorm-cloud formations
[see illustrations on pages 88 and 89].
The pictures also show features of the
earth’s surface; for example, bright sand
and darker rock areas in the North Afri-
can deserts, a broken pattern of sea
ice in the Gulf of St. Lawrence, snow
fields in the Alps and in the Himalayas,

HURRICANE IN THE SOUTH PACIFIC was photographed by
Tiros I on its 10th day in orbit: April 10, 1960. The big storm
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and the sparkling reflection of the sun
on water surfaces.

The Tiros pictures have been most im-
mediately useful to weather forecasters
in providing information in regions from
which data is otherwise unavailable. For
instance, there are areas of the Pacific
larger than the U. S. in which no rou-
tine weather observations are made.
Even where routine observations can
be had the satellite pictures often re-
veal large-scale patterns that cannot be
observed either from the ground or from
aircraft.

Using data received from Tiros 11, the
National Meteorological Center in Suit-
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land, Md., has been preparing “nepha-
nalyses,” which are graphic analyses of
cloud distributions observed between 55
degrees North latitude and 55 degrees
South. These analyses have been trans-
mitted over the regular weather facsimile
channels in time for use by forecasters
in the U. S. and in several foreign coun-
tries.

Radiation Input and Output

Whereas the output of a camera is
fascinating and almost immediately

readable and applicable, it may not in
the long run yield as much basic knowl-

(commonly called a tropical cyclone when in the South Pacific)
was 300 miles north of New Zealand. View is to the southwest.




edge as many other instruments that
a weather satellite can carry. A satellite
can “look” down at the atmosphere in
many ways; it can also “look” up, which
may be just as important. With instru-
ments pointed outward, toward the sun,
satellites can for the first time measure
continuously the amount and kinds of
energy flowing from the sun to the
earth’s atmosphere.

The atmosphere is the thermodynamic
fluid of an engine that ultimately derives
practically all its energy from the sun.
The response is by no means as immedi-
ate and direct as the response of an auto-
mobile engine to the change in fuel sup-
ply when the throttle is varied, yet it is
clear that variations in solar energy must
have some influence on the weather.
How much influence—is the effect am-
plified or is it dampedP—has not been
determined in spite of years of investiga-
tion. The (uestion has remained unre-
solved largely because no one has known
exactly how much the input of solar en-
ergy varies in amount and character.
The magnitude of these variations can
now be established by satellites, which
will be able to monitor the sun’s electro-
magnetic radiation at various wave-
lengths and also the sun’s corpuscular,
or plasma, emissions. The best current
estimates are that the total variation of
solar electromagnetic radiation is less
than .3 per cent; but it has been sug-
gested that corpuscular emissions (chief-
ly barrages of high-energy protons)
may at times augment the energy the
earth normally receives from the sun
by as much as 10 per cent in the latitudes
where auroras most frequently occur.
Although the corpuscular emissions are
absorbed high in the atmosphere (almost
always higher than 35 miles), it is con-
ceivable that their indirect influence
could subsequently be felt at lower lev-
els. Tracing and testing possible influ-
ences would be much aided by a con-
tinuous record of the intensity of the
emissions leaving the sun and reaching
the outer limit of the atmosphere. If it is
established that variations large enough
to influence the lower atmosphere do
occur, if the nature and consequences of
this influence can be clearly understood
and if there is suflicient time lag between
the solar “cause” and the atmospheric
“effect,” the observation of solar energy
of various kinds from space vehicles
would give meteorologists an important
new key to forecasting.

Even if the sun’s output of energy
were absolutely constant, this would not
mean that the earth and its atmosphere . > .
absorb the incoming energy at a constant  CLOSE-UP OF CELL CLOUDS was made with the narrow-angle camera at the same time
rate; a variable and unknown fraction of  as the wide-angle view at the top of page. The cloud pattern was new to meteorologists.

. R
e : ~ Wil Faa
! ot < T e S N S T
CLOUDS FORMED BY CONVECTION CELLS were photographed northeast of Bermuda
by Tiros I on April 4, 1960. The individual crescent-shaped clouds are about 50 miles across.
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JETSTREAM CLOUDS, associated with high, fast-moving winds, FIELD OF ICE FLOES extending to the edge of Newfoundland
were photographed over the Red Sea by Tiros I on April 4, 1960. (far right) was photographed by Tiros Il on March 23, 1961.

SNOW-COVERED ALPS, with the Italian peninsula projecting to- SNOW-COVERED HIMALAYAS appear in narrow-angle picture
ward southeast, was photographed by Tiros I on April 2, 1960. about 80 miles from top to bottom, made by Tiros I on May 13, 1960.
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the arriving energy is reflected by the
earth’s surface (particularly the areas
covered with snow), by clouds and by
the dust and haze in the air. For exam-
ple, the amount of solar energy reflected
back into space by clouds depends both
on the amount of the earth’s surface
blanketed and on the particular reflec-
tivity of the clouds present. If we as-
sume an average cloud reflectivity of 70
per cent, it is evident that a change of 5
per cent in the fraction of the earth’s sur-
face covered by clouds would produce a
change of 3.5 per cent in the energy
available to drive the atmospheric cir-
culation. This, in turn, would be 10 times
the present estimated maximum varia-
tion in the sun’s output, and the variation
would be entirely in that portion of the
energy which penetrates to the lower
layers of the atmosphere. Variations due
to changes in the area covered by snow,
and in the reflectivity of the snow (due
to aging), may be of similar magnitude.
Measurements from satellites of the radi-
ation reflected back from the earth to
space would thus provide valuable infor-
mation concerning the energetics of the
atmosphere.

Another variable in the energy budget
of the atmosphere is the amount of in-
frared radiation leaving the earth and
the atmosphere. Infrared waves are
emitted by any body that is not at abso-
lute zero; the warmer the body, the
more infrared energy it radiates. Part of
the infrared radiation emitted by the
earth’s surface and by clouds is absorbed
by the water vapor, carbon dioxide and
ozone in the atmosphere; these gases in
turn radiate according to their own tem-
peratures and at their own characteristic
wavelengths. The net radiation flowing
from the atmosphere into space depends,
therefore, not only on the distribution
of the temperature of the earth’s surface
and at the tops of clouds but also on the
distribution of temperature, water vapor,
carbon dioxide and ozone throughout
the atmosphere. To estimate by conven-
tional methods the energy lost to space
would require a large program of ob-
servations, which at their best would
not be very accurate; from a satellite
such a measurement would be accurate
as well as fairly simple.

In order to measure instantaneously
the total output of both visible and infra-
red radiation from the entire earth, it
would be desirable to have two satellites
very high up, say 200,000 miles—one
might be a station on the moon and the
other could be on the opposite side of
the earth. To measure the pattern of out-
going energy in detail, a number of satel-
lites orbiting in the region between 300

LARGE CYCLONIC STORM was photographed over central U. S. with the wide-angle cam-
era of Tiros I at 2:28 p.m. Central Standard Time of its first day in orbit: April 1, 1960. The
satellite was over the Gulf of Mexico about 100 miles south of New Orleans; its cameras
were aimed to the northwest. Southern edge of the round cloud (top) is over Oklahoma.

CHART OF CYCLONIC STORM, plotted from conventional meteorological readings
taken on the afternoon of April 1, correlates well with the satellite pictures (top of page).
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EANILY OF STORM CLOUDS s htogrnhed v the Moy 1o 225 ot et ot ocrd vl
Pacific, Canada and northwestern U. S. by Tiros I on May 20, 1960. W P wer ge-.

170 160

CHART OF PACIFIC STORM SYSTEM was made from standard patterns tend to follow the weather-front systems as they are con-

. R X X ventionally plotted by meteorologists. The symbols on the black
meteorological readings covering the same period as that repre- . i

X . line at far left leading into the low-pressure area denote a cold
sented in the Tiros I photographs at the top of the page. The cloud
86
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trace out in dramatic fashion the large-scale
processes and motions of the atmosphere.

80 70

~ 70

front. The symbols then change to indicate
a warm front and finally revert to indi-
cate a cold front reaching to U. S. coast.

and 3,000 miles would be best. The de-
tailed measurements would identify
places where energy outflow exceeds in-
flow and vice versa. Daily determination
of this distribution of energy sources and
sinks would enter into the computation
of the atmospheric circulation, which
must, after all, transfer energy from the
places where it has accumulated to
places where it is lost.

Preliminary measurements of the
radiation budget of the earth and atmos-
phere were made by Explorer VII (1959
Iota), which was launched in October,
1959, as part of the program of the In-
ternational Geophysical Year. This satel-
lite was equipped with six elements for
sensing radiation: three measured total
energy at all wavelengths from various
directions, one measured long-wave (in-
frared) radiation and two measured
short-wave (solar) radiation [see top
illustration on page 90].

More refined infrared measurements
are being obtained by Tiros II. It carries
a radiometer containing a cluster of five
sensors, the optical axes of which are
inclined 45 degrees to the spin axis of
the satellite. Each sensor has a 5-degree
field of view, covering an area of about
30 by 30 miles; the spin and movement
of Tiros II along its orbit provide the
scanning motion. The sensors respond to
the following bands of wavelengths: (1)
.2 to 5 microns, a broad band that meas-
ures the energy of reflected solar radia-
tion; (2) .55 to .75 microns, a narrow
band in the visible region that provides
data that can be correlated with televi-
sion images; (3) 8 to 12 microns, a band
indicating the approximate temperature
of either the earth’s surface or the tops
of clouds, whichever happens to be be-
neath the satellite; (4) 7 to 30 microns,
a very broad band bracketing most of the
terrestrial infrared radiation; and (5)
5.6 to 7 microns, a narrow water-vapor
emission band that provides the aver-
age temperature of the highest layer of
the atmosphere in which there is an ap-
preciable amount of water vapor.

By April 1, 1961, more than 1,000
100-minute orbits of radiation data had
been obtained from Tiros II. It will be
mid-July before the data have been re-
duced and somewhat longer before they
have been completely analyzed. In gen-
eral, the surface temperatures that can
be inferred from radiation measurements
made at the band between 8 and 12
microns fall somewhat below tempera-
tures recorded on the ground, but they
seem to correlate well with the surface
temperature and cloud patterns observed
by other means [see bottom illustration
on page 90].
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Tiros II also carries a second radiom-
eter designed to provide gross heat pat-
terns over an area within the field of
view of the wide-angle television cam-
era. In this radiometer one detector
coated white reflects most of the visible
radiation but absorbs a broad spectrum
of infrared energy. A second detector
coated black absorbs both visible and
invisible radiation. Readings from the
two provide differential measurements
needed to compute temperatures. Al-
though the computed temperatures are
lower than expected, they are in general
agreement with the patterns seen on sur-
face weather maps.

Weather satellites now being built or
designed should be able to provide much
other useful information. For example,
the distribution of clouds at night, which
shows up only in the infrared measure-
ments of Tiros II, could be detected di-
rectly by ultrasensitive television cam-
eras (operating on moon- or starlight) as
well as by radar. Satellites equipped
with radar could do a variety of jobs,
depending on the wavelength of the
signal. Some wavelengths would be re-
flected from the tops of clouds, providing
a measure of cloud height; others would
penetrate the clouds and be reflected
back from raindrops or snowflakes, pro-
viding the vertical distribution of pre-
cipitating layers. Radar could also
detect the “bright-band” echo caused
by the melting of falling snowflakes
and could thereby locate the height
of the 32-degree-Fahrenheit isotherm
wherever suitable conditions exist. Thun-
derstorms could be detected without
radar simply by television observations
of the lightning strokes themselves or
by radio detection of their static dis-
charges.

Advanced versions of Nimbus, the po-
lar-orbiting, downward-looking weath-
er satellite, will carry a special infrared
spectrometer to measure radiation at
wavelengths around 15 microns, where
carbon dioxide has a strong absorption
band. Precise measurements of this band
should provide average temperatures, as
well as temperature gradients, of the at-
mosphere wherever it is free from clouds.
Later generations of satellites may be
able to measure accurately the amount
of water vapor, carbon dioxide and ozone
in the atmosphere.

Precise information about barometric
pressure and wind, both crucial in pres-
ent methods of weather forecasting, are
the hardest to obtain from vehicles out-
side the atmosphere. Even so, the prob-
lem is not hopeless. Clouds themselves
may yield information about the wind
and its vertical and horizontal gradients
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as our ability to interpret their patterns
is increased. More accurate wind veloci-
ties and trajectories could be obtained by
tracking hundreds of balloons set to float
at predetermined heights. No one, how-
ever, has yet suggested a feasible method
of determining barometric pressure from
a satellite that would achieve the mini-
mum desired accuracy of a few parts in
a thousand.

No doubt with time new techniques
will be developed for getting from satel-
lites more complete and more precise
measurements of the various quantities
that are needed for weather forecasting,
For the present it appears that the data
from weather satellites will for the most
part supplement observations made from
the ground by filling in gaps in places
where observations are not now avail-
able, by giving over-all patterns and de-

tails that elude even the densest ground
networks and by providing important in-
formation about regional and over-all
energy budgets of the atmosphere.

Techniques of Forecasting

Let us now look a little more closely at
present weather forecasting procedures.
These procedures are based on the as-
sumption that future weather develop-
ments depend on the past and present
behavior of the atmosphere. Over the
past decade great advances have been
made in numerical methods of forecast-
ing, which have been made feasible by
modern computers. In the numerical
methods the motions of the air, as repre-
sented by the distribution of pressure at
various levels, are inserted into mathe-
matical equations that the computer

solves to predict future patterns of wind
and pressure. Formerly forecasters pre-
dicted the movement of the air and the
development of pressure systems in part
on the basis of past experience and in
part by a crude qualitative application
of the theory on which the mathematical
equations are based. In both machine and
nonmachine methods the atmosphere
is treated as a self-contained, determi-
nate system, in which the only disturb-
ance from outside is the interaction of
the atmosphere with the earth’s surface.

At present weather forecasts are a
composite of the results of the subjective
procedures and the numerical methods
using machines. The machine computa-~
tions yield charts of the large-scale dis-
tribution of pressure and wind, which
are used by the forecaster as a basis for
his detailed prognosis. The detailed fore-

ISOLATED “SQUARE” CLOUD, about 100 miles across, turned
up in a photograph of the southwestern U. S. taken by Tiros I at
2:00 p.m. C.S.T. on May 19, 1960. A rectified map of the picture
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shows the cloud to be rhombic (right). Two hours after the picture
was taken five tornadoes struck between Fort Sill and Oklahoma
City, a region northeast of the cloud. The cloud appears to be an



casts of temperature changes, clouds and
precipitation come from his interpreta-
tion, by application of physical reason-
ing and previous experience, of the pre-
dicted pressure and wind patterns.

The first step in incorporating infor-
mation from satellites will involve the
interpretation of cloud data subjectively
in terms of pressure and wind dis-
tribution, which then can be used in the
conventional manner. Thus satellite pic-
tures of the cloud system associated with
a hurricane will enable the forecaster to
estimate what stage a storm has reached
in its development and the approximate
speed and direction of the winds in vari-
ous parts of it. These estimates, in turn,
will help the forecaster predict the hurri-
cane’s speed and direction of travel
Similarly, the cloud patterns associated
with fronts, with the cyclonic storms of

high latitudes and with air masses of var- ‘
ious sorts will help the forecaster to fill
in the areas on his weather maps where
data is otherwise unavailable. He can
thereby learn of weather systems that
may move into his forecast area or in-
fluence the behavior of those which ac-
tually move into it.

In the case of the numerical method
any information at all—even intelligent
guesses—over the areas where there are
at present no observations will lead to |
considerable improvement in the fore-
casts; the prognostic equations are quite
sensitive, and the forecast at any one

] cuear
E_:‘j N SCATTERED CUMULUS

] BROKEN CUMULIFORM
OVERCAST STRATIFORM

oy CUMULUS STREETS

amalgamation of several “anvil-topped” cumulonimbus (thunderstorm) clouds in which tor-
nadoes could have been embedded. On other occasions Tiros I photographed large isolated
clouds, 100 to 200 miles across, that were associated with severe thunderstorms or tornadoes. | ITALY + NORWAY o SPAIN = SWEDEN
SOUTH AFRICA and NEW ZEALAND
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What weuld 150%
fmiut mfmgz WNOSY
{Juwshu% &Fmtmr'?

To Keller Manufacturing Co., Inc., it
means a savings of nearly $50 a day in
finishing costs on leaf rakes. And, theirs
is a comparatively small plant operation.

Before moving into their new plant,
this St. Louis manufacturer of Sweep-
Easy lawn and garden tools investigated
and tried out various finishing equip-
ment. They chose Ransburg No. 2 Proc-
ess to do the job because they found
that only the Ransburg Electrostatic
Hand Gun could give them the desirable
increase in production—with improved
quality—and at lower cost.

PRODUCTION IS NEARLY DOUBLED
QUALITY OF FINISH IS IMPROVED

With the Ransburg Hand Gun, Keller’s
daily painting production of leaf rakes
nearly doubled what they were formerly
getting with air hand spray. And, where
they used to get only 168 rakes per gallon
of paint, they now get 426 per gallon—
over 2% times as many—actually an in-
crease of over 150% in paint mileage. With
the unique ‘“wrap-around’ feature, elec-
trostatic is improving the quality, pro-
viding a complete, uniform coating over
all areas—even on the tine edges.

NO REASON WHY YOU CAN'T DO IT, TOO!

See how the Ransburg Electrostatic Hand Gun
can save time ... paint... and cut costs in YOUR
finishing department. Or, if your production jus-
tifies, it'll pay you to investigate Ransburg's auto-
matic electrostatic spray painting equipment. Write
for our No. 2 Process brochure which shows nu-
merous examples of modern production painting

in both large and small
RANSBURG

plants.
RANSBURG
Electro-Coating Corp.
Box 23122, Indianapolis 23, Indiana

Affiliates in AUSTRALIA o AUSTRIA e BELGIUM e DENMARK
ENGLAND o FRANCE o FINLAND o GERMANY e HOLLAND
e BRAZIL
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INFRARED RADIATION LOSS from the atmosphere and earth’s
surface was measured over the North Pacific and North Amer-
ica by Explorer VII in a series of passes (dotted lines) on

December 2, 1959. The figures represent the heat loss in cal-
ories per square centimeter per minute, providing a clue to tem-
peratures. Tops of clouds radiate less heat than warmer earth below.

—
A0 40
0 30

APPROXIMATE TEMPERATURES, in degrees centigrade, were
computed from radiation measurements made by Tiros Il on No-
vember 25, 1960. The temperatures are for the earth’s surface in
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cloudless areas and for cloud tops in areas of dense overcast. Such
an overcast is indicated by cold regions (C) in western and middle
Atlantic. Weather-front symbols are superimposed on the isotherms.
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point is affected to some extent by the
pressure distribution everywhere else.

At first the interpretation of satellite
data will have to be subjective, but we
can expect that methods will be quickly
developed to carry out the process auto-
matically by machine. A crude method
might be to store in the memory of a
suitable machine a library of cloud sys-
tems photographed by satellites and of
the associated pressure distributions ob-
tained by conventional means. As new
satellite pictures are received, the ma-
chine would search out the cloud systems
on file that resemble the new ones most
closely and then fit the corresponding
pressure distribution as well as possible
into the distribution determined for other
areas by actual observations of pressure.
Still more refined methods are being de-
veloped in which the machine would use
dynamical equations to seek out the hori-
zontal wind field needed to produce the
vertical velocities that must be present to
produce the observed clouds.

The temperature data obtained from
radiation measurements would give the
subjective forecaster information about
air-mass properties, which he could ap-
ply in forecasting temperature changes,
pressure patterns, the probability of
showers and the like. As the machine-
forecasting methods become more so-
phisticated, temperature will play a more
important role, and the availability of
temperature data from areas where it
would otherwise be unknown will also do
much to raise the accuracy of forecasts.

More important and more valuable,
however, than any immediate improve-
ment in the accuracy of weather fore-
casts is the great contribution that satel-
lites can make to our basic understand-
ing of weather processes. When we ob-
tain data on the variations of the energy
input into the atmospheric engine we
will know to what extent the present
forecasting methods—in which these
energy variations are neglected—are
valid. We will also be able to analyze in
detail the effect of local energy surpluses
or deficiencies. From these analytical
studies we can expect to develop en-
tirely new ways to use the radiation data
provided by satellites in forecasting,

Weather Modification

While there is much talk nowadays
about weather control, we have only
rudimentary knowledge of how to
achieve it. Except for direct local modifi-
cation of temperature (such as the heat-
ing of orchards to protect them from
frost) and for cloud seeding, which un-
der favorable circumstances has dissipat-

ed fog and clouds and may have influ-
enced precipitation, there is no known
way to affect the weather and climate of
an area. Attempts to prevent hail and
lightning and to influence the formation
or movement of tropical storms have so
far been unsuccessful. In view of such
limited capabilities proposals for modi-
fying the weather on a major scale re-
quire careful study and evaluation.
Space vehicles will contribute to
weather modification primarily by in-
creasing our knowledge of atmospheric
processes, without which no intelligent
control measures can be taken. Detailed
observations from close-orbiting satel-
lites should improve our understanding

of the way storms form and develop, and
could lead to discovery of means for
stopping them at an early stage or al-
tering their path. It has been suggested,
for example, that the doughnut-shaped
convection cells photographed by T'iros I
and Tiros I1 are just about the right size
to form the cloudless “eye” of a hurri-
cane. Conceivably, when atmospheric
conditions conspire, one cell out of hun-
dreds will begin to grow, gather mo-
mentum and spawn a hurricane. If this
conjecture is confirmed, the next step
will be to discover what it is that triggers
the growth of one particular cell and not
others.

Only when satellites have provided

TIROS I,1aunched April 1,1960, and still orbiting, is 42 inches across and weighs 270 pounds.
Its name stands for “television and infrared observation satellite.” Solar cells powered
two television cameras, two tape recorders and other devices, together with a 1.9-watt
transmitter. It transmitted some 14,000 usable cloud pictures to ground stations during 78
days of operating life. It was designed and built by the Radio Corporation of America.
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WATER VAPO
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WHITE
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BLACK
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TIROS RADIATION DETECTORS provide five measurements in
one instrument (left) and two measurements in a second instru-
ment (right). The first instrument identifies the following: solar
energy that is simply reflected (two channels between .2 and 5
microns), the total infrared radiation of the earth and atmosphere

combined (7-30 microns), the infrared emitted mostly by the earth
alone or by clouds (8-12 microns) and the emission from high-
altitude water vapor (5.6-7 microns). The second instrument regis-
ters total visible and infrared radiation with a black sensing ele-
ment and detects infrared alone with a white sensing element.

an extensive series of measurements of
incoming and outgoing radiation will it
be possible to determine how variations
in these quantities affect the atmos-
pheric circulation and the weather. Such
measurements may also help to tell us
if we are inadvertently modifying the
climate of the earth by burning fossil
fuels, which increase the carbon dioxide
content of the atmosphere. Carbon diox-
ide contributes to the “greenhouse ef-
fect” by allowing short-wave radiation
to enter the atmosphere and preventing
fong-wave radiation from leaving.
Some investigators have appealed to
the greenhouse effect to explain the
slight but general rise in temperatures
that have been recorded in the Northern
Hemisphere since the end of the 19th
century. In the same period there is evi-
dence that the amount of water locked
up in glaciers and in polar ice has been
diminishing. If the temperature rise
should persist, bringing a continued
melting of ice, low-lying coastal areas
will eventually be flooded by the rising
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sea level. If weather satellites should
demonstrate over the years to come
that the earth is indeed receiving more
radiant energy than it is losing, one
would want to search for counter-
measures. One expedient would be to
hasten the replacement of fossil fuels
with nuclear fuels; another would be
to create artificial clouds to reduce the
amount of solar energy received by the
earth. On the other hand, there is evi-
dence that beginning about 1940, in
spite of an unabated rise in fossil-
fuel consumption, winters have become
colder, so perhaps the carbon-dioxide
hypothesis of climatic change has been
overrated.

It may well be that another aspect of
man’s activities, the cloudlike condensa-
tion trails produced by high-flying air-
craft, may exert a greater influence on
climate. The world cloud cover is the
most important component in determin-
ing the earth’s albedo, or reflectivity, and
it serves as a natural thermostat to keep
the world temperature within narrow
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limits. Whenever the cloud cover in-
creases, less solar radiation reaches the
earth; as a result the earth cools, convec-
tion currents are damped and the cloud
cover declines. Whenever the cloud cov-
er decreases, more solar radiation reach-
es the earth’s surface, heating it and
causing more clouds to form. The aver-
age cloud cover over the earth is esti-
mated to be close to 55 per cent; the
average albedo of earth and clouds com-
bined, 35 per cent. A one-percentage-
point increase in cloud cover causes a
.4-point increase in albedo, which, by re-
flecting more solar radiation back to
space, means a decrease of the earth’s
temperature by .7 degree F. A system
of weather satellites could keep track of
variations of the world’s cloud cover as
a first step in deciding if man is having
a noticeable effect on climate.

The quantities of mass and energy
that are involved in weather processes
are tremendous compared with most of
the sources that man has had at his dis-
posal for possible modification of them;



WHO GUARDS THE GUARDIAN?

Look at some of the guardians of our Western civilization: Terrier, Talos, Polaris. Then ask yourself, as
the Romans did, ““Who guards the guardian?’’ Who makes certain that this regiment of space-age sentries
stays ready for instant action?

Who? Varian Associates, for one. Varian has

developed a CM-122/DSM Signal Comparator for @ VARIAN associates

the Navy’s Bureau of Weapons. Its job: to test
missile guidance and checkout systems to insure PALO ALTO 7, CALIFORNIA

combat readiness of electronic components. Subsidiaries :
L For commercial use, Varian supplies precision BOMAC LABORATORIES, INC.
O O | testsystems such as the V-7200 Noise Measure- ;’AFR';,""L:Bsosg:;%gfzsﬂlg“‘“"“' Gul=
“ Sy 1 i Ay ’ .
zeean . mezt ;I'e;(_st Set, to n;lrea:‘urr]:aia:nplltude orrfrequency SEMICON ASSOCIATES, INC.
odulation noise fro crowave sources. SEMICON OF CALIFORNIA, INC.
CM-122/DSM Signal Comparator VARIAN A. G. (SWITZERLAND)
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&
Harman
Conductive
Coating
Materials

GIVE YOU NEW
DESIGN FREEDOM

When you make Handy & Harman silver
conductive coating materials your part-
ners in product design, ordinary materials
acquire extraordinary versatility. Using
Handy & Harman silver paints, flake or
powders, you can make nearly anything
conductive—paper, glass, plastics,ceram-
ics and many other materials — with an
amazing range of design freedom.

Free Choice of Materials— Choose your
base material for lightness, strength, econ-
omy, or other practical characteristics and
let the silver coating supply the desired
electrical properties.

Freedom of Form—No need to think in
terms of conventional conductive forms.
Now you can make large surfaces or por-
tions of surfaces as conductive as you
desire and devise new combinations of
conductive and nonconductive materials
...easily and economically.

Freedom of Fabrication —You can fabri-
cate your base material by any method
you like, then apply the silver conductive
coating by a choice of methods—by brush-
ing, spraying, stencilling or dipping. The
coating can be air dried, baked or fired,
depending on the nature of the base ma-
terial and physical properties desired in
the coating,

Ceramic and mica capacitors, tempera-
ture-sensitive ceramics, carbon resistors,
printed circuitry, electrostatic shields,
luminescent panels...these are only a
few of the applications in which Handy
& Harman silver paints, powders and
flake are being used to good advantage.
Like further information? Write for Tech-
nical Bulletins A-4, “Silver Conductive
Coatings”; and A-5, “Fine Silver Powder

and Flake.”

HANDY & HARMAN
850 Third Avenue, New York 22, N. Y.
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TRACKING ANTENNA at R.C.A. Space Center in Princeton, N.J., is designed to receive
data from weather satellites. Most Tiros I data was actually received at Fort Monmouth, N.]J.,
and Kaena Point in Hawaii; most Tiros Il data, at Fort Monmouth and Point Mugu, Calif.

| only a thermonuclear bomb involves
energies of the same order of magnitude.
Modification of the course of fully de-
| veloped storms, if otherwise feasible,
would require use of an energy source
man is reluctant to use. It would be pref-
erable from all standpoints, including
the economic one, to achieve the desired
changes with small expenditure of en-
ergy.
The best hope is that storms can be
| altered in an early stage of their develop-
ment, when their future hangs in the
balance and when a small impulse on one
. side would tip the scale away from an
undesired development. That such un-
stable conditions exist at times is quite
probable. Many Temperate Zone storms
begin as small waves on the boundaries
between air masses, and tropical storms
often grow out of similarly small waves
in the easterly trade winds. We have no
way now of recognizing which small
waves are unstable and which are not,
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nor do we know how to prevent or con-
trol the growth of the waves that are
unstable. Because the network of ob-
servations is at present rather loose over
much of the earth, it is seldom that a
wave can be detected before it has begun
to intensify into a storm. If satellite
weather reconnaissance permits a more
or less continuous watch for such atmos-
pheric waves, it may be possible to per-
ceive the conditions that make the waves
unstable and to contrive ways to prevent
or control the release of instability.

It is clear that we are far from the
stage in which we will be able to press a
button on the ground that will activate
some exotic mechanism in a satellite able
to dissipate a storm in one place or to
make it rain in another. There is, how-
ever, every reason to expect that many
new discoveries in meteorology will re-
sult from the use of satellites as global
platforms from which to observe the en-
ergetic and restless atmosphere.



Move, measure and mix materials—automatically

Imagine controlled processes that select, measure, collect,
blend, form, package or distribute materials with perfect pre-
cision and timing, without the aid of human hands.

There are such systems now. They’re busy grading beans,
mixing ore, counting contents for containers, bringing mate-
rials to one point for processing. And Automatic Electric has
helped on more than one occasion. For at AE we design and
manufacture “educated” control systems that make machines
and processes operate automatically.

If you have a control problem, we can help you find the solu-
tion. Whether you need engineering aid, basic components, a
control “package,” or a complete system, write the Director,
Industrial Products Engineering, Automatic Electric,
Northlake, Illinois.

CAN

B

MAKING
IDEAS
WORK

AUTOMATICALLY

. AUTOMATIC FLECTRIC

Subsidiary of

'1 GENERAL TELEPHONE & ELECTRONICS

M. na
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Why do tlowers
smell good?

Why do I like the smell? Why don’t they all smell
alike . . . or like candy? Why?

To a child, the discovery of an enchanting new
smell is reason to stop, to explore, to inquire. For
just as instinctive as the indrawn breath that
brings the flower smell is the curiosity it arouses.
Happily, some children never seem to outgrow
this curiosity or the joy of asking, searching
and finding.

We know. We know because one of the im-
portant tasks of Shell Research is to seek out
people with questioning minds, to encourage
them and allow their rare talents to find the
answers for the rest of us. Answers like TCP
additive to make your car run better, insecticides
to help grow healthier crops, new synthetics to
augment and improve upon nature.

In today’s swift-moving world we cannot have
enough of this kind of mind—the mind of a
grownup still as curious as a child’s. To help de-
velop such people, special educational programs
are supported by Shell. These include scholar-
ships for deserving students and the Shell Merit
Fellowships that train science teachers in im-
proved teaching techniques.

The success of such programs can be meas-
ured in many ways. We see in them a means of
encouraging an eternal spirit of curiosity. The
world was never more in need of people who
keep asking why. People not afraid of the big
questions. Why can’t we feed the hungry of this
world? Why?

Why is a child. Why is Shell Research.

We hope that the sign of the Shell reminds you
of those who never stop asking why, never stop
the quest for new ideas, new products, and new
ways to serve you.

The Shell Companies: Shell Oil Company;
Shell Chemical Company; Shell Pipe Line Cor-
poration; Shell Development Company; Shell
Oil Company of Canada, Ltd. esueii ow comeany. 156

SIGN OF A BETTER FUTURE FOR YOU
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COLOR OF FROGS CHANGES RADICALLY when they receive much darker than normal after an injection of melanocyte-stimulat-
certain hormones. The frog at left is lighter than normal after ing hormone (MSH). Melanocytes are skin cells that make melanin,
immersion in water containing melatonin, whereas frog at right is the principal pigment in the skin of man and many other animals.

SINGLE INFANT FROG, made abnormally light (left) by immer- black (right). Its normal color is approximately that of the center
sion in water containing melatonin, was injected with MSH. Over a picture. The photographs on this page were made in the lab-
period of several hours the frog became darker (center) and then oratory of the author at Yale University School of Medicine.
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Hormones and Skin Color

The color of the skin of man and many other animals is established

by cells containing the dark pigment melanin. Recent investigations

indicate that these cells are strongly influenced by three hormones

he color of human skin, hair and
I eyes comes principally from
melanin, a brown-to-black pig-
ment produced in skin cells known as
melanocytes. People of different races
have the same number of melanocytes
sandwiched in a layer between the epi-
dermis and the dermis, the outer and
inner layers of the skin. Color differences
among the races and among individuals
and in parts of the body are due to dif-
ferences in the quantity and the distribu-
tion of melanin in the skin. Melanin also
imparts color to the skin and hair of
many animals, and it is ejected in quan-
tity in the “ink” with which the squid
covers its retreat.

Within the past decade the study of
the chemistry of skin color has led to
the isolation of two previously unknown
pituitary hormones and of the first hor-
mone ever isolated from the pineal
gland, a tiny body of unknown function
that lies deep within the brain. The ac-
tion of these hormones in the melano-
cytes underlies the rapid changes in skin
color observed in certain animals; it also
explains some changes and anomalies in
the color of human skin. These findings
derive a deeper significance from the
fact that the melanocytes have their
embryonic origin in nerve tissue. The
color-regulating hormones may have
even more important functions as mem-
bers of the mysterious group of neuro-
hormones, which mediate the interplay
between the endocrine and nervous sys-
tems in the regulation of the body.

From nerve tissue in the human em-
bryo melanocytes migrate by the third
month of fetal life to permanent loca-
tions in the skin, eyes and covering of
the brain. They retain the dendritic
(branched) shape characteristic of
nerve cells; in some of their chemical
responses and in other characteristics,

by Aaron B. Lerner

such as slow regeneration after damage,
they continue to resemble nerve tissue.
The face, neck, armpits and groin are
richer in melanocytes and therefore are
slightly darker than the rest of the body,
whereas the palms, soles and thighs have
fewer melanocytes and are lighter in
color. Blue eyes and brown eyes have
the same number of melanocytes but
those in brown eyes contain more mela-
nin; the light reflected from them gives
the true color of the pigment. In blue
eyes a smaller amount of nearly black
pigment, which is located deep in the
iris, appears blue because light of short-
er wavelengths is scattered by tissue
more than light of longer wavelengths.
India ink injected deep into the skin pro-
duces a blue tattoo for the same reason.
Nevi, or moles, which are clusters of
melanocytes, begin to appear on the
body in the third year of life and in-
crease slowly in number with age. Genet-
ic and hormonal factors control the size
and number of nevi in individuals. In
rare instances excessive concentrations
of melanocytes appear in some parts of
the skin before birth, producing large or
giant nevi. Ordinary freckles are caused
not by an excess of melanocytes but sim-
ply by a higher concentration of mela-
nin. In individuals with the appropriate
genetic make-up, repeated exposure to
sunlight causes freckles to appear be-
ginning in about the sixth year.

he basis for present understanding of

the chemistry of melanin was laid in
the 1920’s by the work of Bruno Bloch,
professor of dermatology at the Univer-
sity of Zurich, and Henry S. Raper, pro-
fessor of physiology at the University of
Manchester. The formation of melanin
starts with the oxidation of tyrosine, an
amino acid that is found in many pro-
teins. The enzyme tyrosinase catalyzes
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the reaction. In albinos, both human and
animal, the tyrosinase for some reason
does not function and the pigment can-
not form. Albinos have the normal com-
plement of melanocytes, but the enzyme
defect leaves them virtually without
melanin. Tyrosinase is one of several en-
zymes that require copper in order to
function. Black-haired rats will grow
gray hair when they are placed on a diet
containing phenylthiourea, a compound
that combines avidly with copper and
leaves none for tyrosinase activity. In
normal individuals tyrosinase exists in a
partially inhibited state. X rays, alpha
particles or radiant energy from the sun
somehow, possibly by oxidation, remove
inhibitors so that more pigment forms.
Dark skin in human beings may never
have served as camouflage, as it does in

MELANIN GRANULES, the particles that
make up pigment, are dispersed in the
branches of a frog melanocyte. Enlargement
in this photomicrograph is 720 diameters.
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FROG MELANOCYTE with melanin granules clumped around the
nucleus (left) becomes completely visible (right) after MSH is

frogs and chameleons, but it does pro-
tect against burning by the sun. Melano-
cytes in the skin of darker races and of
sunburned individuals secrete melanin
into the outer layers of the skin, and the
“pigment, rather ‘than the sensitive skin
cells, absorbs much of the harmful radi-
ation. A sun tan fades mostly by wearing
away—the melanin moves along with
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TYROSINE

DOPACHROME

SYNTHESIS OF MELANIN in the melanocyte begins with the
oxidation of the amino acid tyrosine, catalyzed by the enzyme tyro-
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epidermal cells to the surface of the skin,
which consists of dead cells that slough
off. In addition chemical reactions in the
skin gradually destroy the pigment.
The oxidation of tyrosine, catalyzed
by tyrosinase, produces the intermediate
dihydroxyphenylalanine (dopa); it is an
unusual intermediate in that it is neces-
sary for the efficient function of the

> :

DOPA

5, 6-DIHYDROXYINDOLE
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TYROSINASE
OXIDATION

added, causing melanin granules to spread through all the branched
processes of the cell. Granule dispersal makes frog’s skin darken.

enzyme that produces it. Dopa reduces
the copper ions in tyrosinase and makes
the enzyme fully active. Once dopa
forms, the enzyme quickly catalyzes the
oxidation of tyrosine in the melanocyte.
In succeeding reactions dopa yields,
among other things, three active quinone
compounds—dopa quinone, dopachrome
and indole 5,6-quinone [see illustration

INDOLE
5, 6-QUINONE

sinase, producing dihydroxyphenylalanine (dopa). The enzyme
oxidizes dopa to dopa quinone. Further steps lead to dopa melanin,
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FISH MELLANOCYTE shows same reactions as the frog melanocyte.
Groove at upper right of nucleus area (left) can still be seen

below]. These substances combine readi-
ly with protein molecules, and the ui-
none-protein complexes oxidize to form
melanin pigments. The differing routes
of reaction would account in part for the
different types of melanin that are found
in the skin, hair and eyes of a given in-
dividual and in different species.

This much knowledge largely ac-
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DOPA MELANIN

after granules have

counts for normal skin color and for
nevi, freckles, sun tan and albinism.
But it does not explain the darkening of
the skin in pregnant women and in
patients with Addison’s disease or tu-
mors of the pituitary gland. Nor does the
chemistry of melanin account for the
ability of tadpoles, frogs, chameleons,
certain fishes and other animals to
change color almost “at will.” These
processes are controlled by the newly
discovered hormones; they involve not
so much the amount of pigment or the
concentration of melanocytes as the
movement and distribution of melanin
granules within the melanocytes.

When a frog is in its light-colored
phase, the pigment granules in its mela-
nocytes are clumped together around
the cell nuclei, leaving the rest of the
cell translucent [see illustration at top of
opposite page]. The animal can turn
dark in from one to 60 minutes when the
granules spread out from the nucleus
through the rest of the melanocyte, mak-
ing the cells opaque. The thin layer of
pigment cells lying just under the epi-
dermis then gives the entire skin a dark
appearance. In the same way a large

HYDROGEN
OXYGEN
NITROGEN

@ CARBON
@
[

)

which forms long repeating units at sites of empty bonds, then combines with proteins to
make melanin. The quinones (in colored boxes) also join with proteins to make pigments.
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spread (right). Nucleus of cell is light after
dispersal. Branches of other melanocytes are visible at the top.

white tabletop with a small lump of coal
in the center would be described as
white; with the lump of coal ground to
powder and spread uniformly on the sur-
face, the table would appear black.

rI‘he search for the controlling hor-

mones began 40 years ago when
P. E. Smith at the University of Cali-
fornia and Bennet M. Allen at the Uni-
versity of Kansas found that removal of
the pituitary gland from tadpoles, frogs
and certain other animals results in
marked lightening of the skin. Converse-
ly, it was shown that injection of pituitary
extracts produces darkening. At about
the same time the first clue to an active
function of the pineal gland was discov-
ered. When C. P. McCord and Floyd P.
Allen, then at Parke, Davis & Co. in
Detroit, added extracts from the pineal
glands of cattle to the water in which
tadpoles were swimming, the skin of the
tadpoles became so transparent that
their hearts and intestines were clearly
visible. Further study revealed that these
changes in pigmentation were caused
by the clumping and dispersion of the
melanin granules in the melanocytes un-
der the influence of pituitary and pineal
extracts.

At the University of Michigan Medi-
cal School in 1951 Teh H. Lee and I
set out to isolate from the pituitary gland
of pigs and cows the substance that
makes frog skin darken. We had no idea
of the nature of the substance—not even
of the chemical family to which it might
belong. We finally learned that it is a
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AMINO ACID SEQUENCE in alpha- and beta-MSH is the same
in part of each molecule (darker color). Beta-MSH from different
species varies at several positions in the sequence (lighter color).

polypeptide (a chain of amino acid
units). In 1955, when we were work-
ing at the University of Oregon Medi-
cal School, we isolated a potent dark-
ener of frog skin, a substance that we
named the melanocyte-stimulating hor-
mone (MSH). Other laboratories had
also been working on the problem; they
had discovered a similar but less potent
agent. The two substances were found to
be different forms of the same hormone
and were labeled alpha-MSH and beta-
MSH. The isolation of alpha-MSH in our
laboratory was facilitated by an assay
procedure developed with the help of
K. Shizume and later improved by M.
Ruth Wright. Color changes in live
pieces of frog skin serve in this assay
to measure the concentration of MSH
[see bottom illustration on page 106 and
illustrations on page 108].
Investigations carried out largely by
J. Ieuan Harris and H. B. F. Dixon at
the University of Cambridge, Paul Roos

MELATONIN

at the University of Uppsala, C. H. Li
and I. I. Geschwind at the University
of California, and in our own labora-
tories at the Yale University School of
Medicine brought the isolation and
identification of alpha-MSH and beta-
MSH from several animal species. Ap-
parently every pituitary gland produces
both forms. The pig, cow, horse, mon-
key and possibly man all produce the
same alpha-MSH. The beta form, how-
ever, differs slightly from one species to
another. A more familiar pituitary hor-
mone, ACTH, can also darken frog skin,
although not so efficiently as MSH. This
is not surprising, because ACTH and
both forms of MSH have some amino-
acid sequences in common. Indeed, the
entire 13-amino-acid sequence of alpha-
MSH is the same as the first 13 amino
acids of ACTH, which has a total of 39
amino acids. Recently Klaus H. Hofmann
and his associates at the University of
Pittsburgh and Roger Boissonnas and

MOLECULE OF MELATONIN is diagramed. This hormone, the first to be discovered in
the pineal gland, makes the skin of frogs and tadpoles become extremely light in color.

102

© 1961 SCIENTIFIC AMERICAN, INC

Synthetic alpha-MSH has same chain as natural alpha-MSH, except
for two side groups, which do not interfere with its function. The
names of the amino acids have been abbreviated in this diagram.

S. Guitmann of Sandoz, Ltd., in Switzer-
land performed the difficult task of syn-
thesizing alpha-MSH. Just how MSH
causes the melanin granules to disperse
in the melanocyte is still unknown.
The hormone works in man as well as
in frogs. Human subjects given large in-
jections of MSH begin to darken within
24 hours. Daily doses lead to more dark-
ening until the injections are discon-
tinued. The skin returns to its normal
color within three to five weeks after the
last injection. The increased pigmenta-
tion is most pronounced in the face; nevi
darken and new nevi seem to form. The
skin of Negroes shows a more marked
response to MSH than does the skin of
whites, and in a shorter time. It remains
to be determined if the darkening in hu-
man skin comes from the dispersion of
melanin granules in the melanocytes, as
is the case with frogs. The process is
comparably distinct and rapid.

The discovery of the role played by
L this hormone in the coloration of hu-
man skin provides an explanation for the
darkening of skin in pregnancy and in
certain diseases. Ordinarily hydrocorti-
sone produced in the cortex of the
adrenal gland inhibits the release of
MSH by the pituitary gland. In Addi-
son’s disease the outer layer, or cortex,
of the adrenal gland is damaged or de-
stroyed; as a result the pituitary re-
leases an excess of MSH. The skin of in-
dividuals with some types of pituitary
tumors becomes dark because the tumors
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with the
prints
so soon?

now... high-quality prints in half the time
...reduced or size for size, at big savings

Xerography has taken the “‘wait” out of
engineering-print reproduction and distri-
bution for hundreds of leading industrial
firms—with reported annual savings of
from $5,000 to $200,000! This fast, clean,
dry, electrostatic copying process gives
you high-quality prints on ordinary paper,
in minutes—eliminates costly waiting of
highly paid personnel. There’s no capital
investment; equipment is available at
modest monthly rentals.

For high-quality offset paper masters:
Model 1218 copying equip-
ment prepares sharp, inex-
pensive paper masters from
original drawings of A toD
size. Larger drawings are
perfectly reduced to 12”x

18” masters, from which multiple prints
are run off in seconds!

Volume reproduction from original
drawings or roll microfilm: Sharp, dry,
ready-to-use prints, on ordi-
nary paper, vellum, or offset
paper masters up to 117
wide, are made at the rate of
20’ a minute. Copyflo® Con-
tinuous Printers enlarge, re-
duce or copy size-for-size from original
drawings or roll microfilm (16 or 35mm).

Reproduction from card-mounted mi-
crofilm: The Copyflo 24C and the exciting
new 1824 Printer automatically produce
dry, positive prints on ordinary paper, vel-
lum, or offset paper masters from 35mm
card-mounted microfilm! The Copyflo 24C
produces ready-to-use prints, up to24"x36",
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make large amounts of MSH. The dark-
ening of the skin in pregnancy results
in part from the normal enlargement of
the pituitary attendant on pregnancy
and the consequent release of extra
MSH. Other hormones, such as proges-
terone, may play a role in the hyper-
pigmentation of pregnancy.

The isolation of MSH encouraged Y.
Takahashi, James D. Case and me to
undertake to isolate from the pineal
glands of cattle the substance that causes
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tadpole and frog skin to become lighter.
The possibility held special interest for
us because we thought this compound
might be involved in the human condi-
tion called vitiligo, which is character-
ized by the appearance of permanent,
spreading white blotches in the skin. It
had been postulated that an unknown
hormone secreted by nerve endings in
the skin might cause the condition by
keeping nearby melanocytes light in
color. So far, however, these hypotheti-

cal neurohormones have escaped detec-
tion and isolation. Since the pineal gland
may be regarded as an active vestige of
embryonic nerve tissue, we thought the
factor that lightens frog skin might also
be the vitiligo hormone.

Once again we did not know the
nature of the compound we were seek-
ing. It was some time before we realized
that it is unstable in light and we there-
fore lost tiny but precious quantities of
it. We used the frog-skin assay proce-

HYDROCORTISONE
PITUITARY MSh .
GLAND
ACTH
HYDROCORTISONE
PITUITARY MSH -
' GLAND
== _ i
ACTH
HYDROCORTISONE
PITUITARY | '\ﬁSH 2
GuAND &
—
ACTH
HYDROCORTISONE
PITUITARY
GLAND
ACTH

HORMONAL CONTROLS of skin color in health and disease are diagramed. In normal
person, hydrocortisone from the adrenal cortex inhibits release of MSH by the pituitary.
ACTH from the pituitary stimulates the adrenal cortex. The amount of MSH that results
produces normal melanocyte color. In Addison’s disease the adrenal cortex is damaged;
inhibition of pituitary by hydrocortisone decreases and excess MSH darkens skin. The
pituitary is damaged in panhypopituitarism and skin grows quite pale. During pregnancy
the pituitary enlarges and, in spite of increased stimulation of adrenal cortex and increased
inhibition by hydrocortisone, produces more MSH, darkening the skin. The rectangles of
different sizes denote the functioning of the glands, not the changes in their actual size.
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ELECTRIC PROPULSION

Sustained space travel, free from gravitation in a natural
vacuum, presents new and difficult problems in the pro-
pulsion and control of space vehicles. Electric propulsion
promises a practical and economical means of accomplishing
space exploration programs.

The three main types of electric engines, while varying in
performance specifications, share common advantages over
chemical engines. The electrothermal, electromagnetic, and
electrostatic engines offer specific impulses greater than
1,000 seconds and thrust durations measured in weeks to
months. As a result, electric propulsion systems have the
capacity to deliver much larger payloads over longer dis-
tances than will conventional rockets. Power for these
electric engines can be drawn either from nuclear energy
sources built into the vehicle or from solar radiation.

The Marquardt Corporation — long a leader in the field of
propulsion — is intensively engaged in a variety of unique
electric propulsion projects. An example in the electro-
thermal area is the Resistojet. Here the hydrogen propellant
passes over an electrically heated resistance element prior to

expansion in a deLaval nozzle. The Resistojet provides re-
liability, long life, direct coupling to the power supply, high
efficiency, a simple starting cycle, and throttleability.

The Marquardt Corporation’s efforts in the space propulsion
and control fields serve to typify yet another aspect of the
Marquardt Mission.

Creative engineers and scientists are needed. All qualified
applicants will receive consideration regardless of race,
creed, color, or national origin.

CORPORATION
CORPORATE OFFICES, VAN NUYS, CALIFORNIA
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DARKENING OF HUMAN SKIN during administration of alpha-
MSH is demonstrated by measuring per cent of light that the skin
reflects. Daily doses of alpha-MSH, shown at top, caused skin of a

dure, but our work was complicated by
the fact that we had to darken the skin
to a known degree with MSH before we
could test for the lightening factor. The
pineal gland itself is minute and con-
tains almost infinitesimal quantities of
the substance. Taken fresh from a cow,
the gland weighs only 200 milligrams
(.007 ounce); with all its water re-
moved, it weighs 40 milligrams (.0014

LABORATORY EQUIPMENT that measures the depth of color of
frog skin played a key role in the isolation of MSH and melatonin.
In case at left is reflection meter with a galvanometer dial that
registers the electric current produced when light hits a photo-
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DAYS

ounce). A large paper bag will hold
20,000 to 30,000 dried glands. Over
nearly four years Armour & Co. furn-
ished us with 200,000 glands. From this
generous supply we were able to isolate
at one time as much as 100 micrograms
(.00000353 ounce) of the pure sub-
stance we were seeking. This was not
enough to see with the naked eye, but
with the help of R. V. Heinzelman and

© 1961 SCIENTIFIC AMERICAN, INC

Negro subject to reflect 6 per cent less light after nine days. The
dark condition persists for several weeks after the experiment.
Measurements of reflection of light were made on the forehead.

J. Szmuszkovicz of the Upjohn Com-
pany we were able to work out the
molecular structure of the substance
and to synthesize it. We named it mela-
tonin. Oddly enough, like alpha-MSH,
melatonin has an acetyl group attached
to a nitrogen atom. Synthetic melatonin
is now available for demonstrations of
the lightening of tadpole skin. This
neurohormone does not, however, make

electric cell. Black cylinder at right of the case is “search unit”
containing a light and a photocell. A beaker with a sample of
frog skin is on top of the unit. The 12 beakers in center hold
samples of frog skin in solutions containing MSH or melatonin.



YOU'RE STILL TUNED IN, HERR PROFESSOR DOPPLER!

Back in 1930, your principle helped provide the first step in the development of radar. Since
that time, radar has grown up . . . always depending on the Doppler shift to measure the
velocity of a moving object. Now, we’re about to put your principle to work again; this
time as an integral part of the Bombing Navigation System for the B-52 weapons system.
If you would like to help us apply yesterday’s principles, like Doppler’s, to important
projects like B-52 navigation, and if you have a BS, MS or PhD in EE, ME Physics or
Math, please contact Mr. G. F. Raasch, Director of Scientific and Professional Employ-
ment, Dept. E, 7929 S. Howell, Milwaukee 1, Wisconsin.

All qualified applicants will be considered without regard to race, creed, color or national origin.

AC SPARK PLUG <& THE ELECTRONICS DIVISION OF GENERAL MOTORS

MILWAUKEE « LOS ANGELES « BOSTON
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the

accuracy
of glass

in
breakproof
Nalgené
graduates

Nalge makes them
unbreakable . . . and
keeps making them
better! New Nalgene
graduated cylinders
feature calibration to
best glass standards,
in accordance with
federal specifications.

New Nalge techniques give you ac-
curacy never before possible in plas-
tic, or even in glass, because now for
the first time graduates can be
molded to absolute uniformity every
time. You get finer calibration lines
than ever before. Meniscus is flat,
easy to read. Non-wetting walls con-
tain and deliver the same amount
of solution every time.

Corrosion resistant, of course.
Virgin polypropylene throughout,
with stable octagonal base. No more
loss of valuable contents and no dan-
gerous acid splash through breakage.
So next time you break a glass grad-
uate, replace it with Nalgene—com-
plete line of sizes from 25 to 2000 ml.
Ask your laboratory supply dealer.

Accuracy tested, accuracy proved!
A random sampling by a nationally-
known testing laboratory* shows
new Nalgene graduates to be well
within National Bureau of Stand-
ards Class A specifications for accu-
racy. Actual calibrations found in
tests on 50 ml graduates:

Capacity, ml. 10.00 20.00 30.00 40.00 50.00
Nalgene
Instrument No. 12 10.01 19.99 29.86 39.92 50.01
Nalgene
Instrument No. 13 10.04 19.99 29.87 39.88 49.92
Nalgene
Instrument No. 14 10.07 20.03 29.89 39.87 49.97

*Name and data on request.

human melanocytes lighter in color and
so does not cause vitiligo. Studies of
the condition must begin anew.
Among the foremost problems in pig-
mentation research is the melanoma, the
malignant tumor of melanocytes. For-
tunately melanomas are not common;
they are spectacularly malignant and
are resistant to radiation therapy. Some-
times these tumors become so wide-
spread and produce so many tyrosine-
oxidation products that the entire body
becomes dark. Injections of MSH have
no effect on melanomas in animals other
than to make them darker. While the

hormone does stimulate melanocytes to
darken, it seems to play no role in cancer.
Studies with MSH and melatonin may
nonetheless throw some light on malig-
nant melanocytes.

The fact that melanocytes are nerve
cells suggests that melatonin and MSH
may act on the nervous system in ways
as yet unknown. Indeed, the main phys-
iological function of these hormones
may not be the control of melanin gran-
ules, even though this phenomenon led
to the isolation of the hormones. The in-
vestigation of skin color has thus opened
the way to larger questions.

| SAMPLES OF FROG SKIN for use in assay of hormones are mounted on small rings that

| resemble embroidery hoops. Melatonin has made one light;

MSH has darkened the other.

SEARCH UNIT holds light source and a doughnut-shaped photocell that faces up and is
shielded from light. Standing on unit is beaker holding frog skin mounted in ring and
placed on top of hollow black cylinder. Skin is kept fresh in a salt solution. Light from
source below reflects from skin into the photocell, which registers the intensity of the re-
flection, giving sensitive measurement of the extent of darkening or lightening of the skin.
This reveals quantity of MSH or melatonin in a solution in which skin had been soaked.

New complete line catalog.
WRITE Dept. 257. |

THE NALGE CO., INC.
ROCHESTER 2, NEW YORK

The Quality Standard of Plastic Laboratory Ware
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for fast, accurate DIETZG N

on-the-job sketches,

DRAW IT WITH

Now you can create dimensionally accurate “free-
hand' sketches anywhere, anytime with Quikdraft
. . . the new professional drafting pad. Quikdraft
features Dietzgen's famous drafting vellum printed
with an accurately centered “‘no-print’ grid. The
grid appears as light blue lines and serves as a
convenient scale guide in creating all types of archi-
tectural and engineering drawings. But because the
grid will not reproduce, prints from your Quikdraft
sketch show only the pencil drawn lines and letter-
ing. Now with the aid of a straight edge, your free-
hand sketches become finished detail drawings
saving hours of tedious boardtime re-drawing rough
sketches,

Available in three standard sizes and your choice
of 4x4, 8x8 and 10x10 squares to the inch grids,
Quikdraft pads are stocked by your nearby Dietzgen
Dealer. He is listed in the yellow pages under
“Drafting Equipment & Supplies" . . . see him
today. EUGENE DIETZGEN CO., Chicago 14,
Illinois.

; = oo 14
7 ukdeft
| .f,"’.-’?/_. : \ L |

P Qe

rdig

4
Bl x 11

11 x17

*'no-print” grid scale guides...
4x4 8x8 10x 10

Double flap construction pro-
vides 4-corner protection . ..
no soiled or dog-earred cor-
ners. Under-flap provides a
firm, smooth drawing surface.
Dietzgen Redi-reference con-
version tables are a bonus
feature with every Quikdraft
pad. Saves time, saves errors
when making calculations on
the job.

Extra-heavy back gives Quikdraft pads /
extra supporl . . . i's like having a
portable drafting board on the job.
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THEY ALL HAVE GENERAL

(@ B-52 STRATEGIC BOMBER —Inertial system for heading and vertical reference and for accurate
release of Hound Dog and Skybolt missiles; Doppler navigation system—all by General Precision.

@ F-104) SUPERSONIC FIGHTER—All-attitude reference system by General Precision.

® F-106A SUPERSONIC FIGHTER—Flight simulator and stable coordinate reference system by General Precision.
(® B-58 SUPERSONIC BOMBER —Flight simulator by General Precision.

® F8U-2N SUPERSONIC DAY FIGHTER—Flight simulator by General Precision.

(® A3J)-1 NAVY ATTACK BOMBER—Weapons system simulator—including flight, radar and ground
mapping simulation- by General Precision.

@ KC-135 JET TANKER—Doppler system and directional gyro compass system by General Precision.
F-100 SUPERSONIC FIGHTER—Doppler system—navigation computer and directional gyro compass system by General Precision.
(® RF-101 SUPERSONIC RECONNAISSANCE FIGHTER —Doppler system and roll-stabilized

directional gyro compass system by General Precision.

RB-47 RECONNAISSANCE BOMBER —Doppler system, directional compass system and true-heading
computer system-including flight simulator - by General Precision.

@ B-70 HYPERSONIC STRATEGIC BOMBER—Ultra-high accuracy General Precision Doppler equipment for the bomb-nav system.

@ RC 121D EARLY WARNING RADAR AIRCRAFT —Doppler sensor, Doppler-inertial combiner/position keeper,
central gyro reference system and directional compass system by General Precision,

@ A3D-2 NAVY ATTACK BOMBER—Bombing-Navigation computer by General Precision.
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PRECISION IN COMMON

Manned aircraft of the aerospace age share
a common reliance on General Precision’s
electronic and electromechanical systems
in the performance of complex missions.
Nearly all advanced aircraft flown by our
armed forces incorporate General Precision
navigation and heading reference equip-
ment. In addition, the fliers that man the
aircraft have been largely trained on
General Precision flight simulators.

The four divisions of General Precision,
Inc., are consolidated for the systems man-
agement of major new weapons and space
projects. As a result, a manned-aircraft
systems program can draw upon more than
16,000 General Precision employees
(including 4,500 scientists, engineers and
technicians) and well over 214 million
square feet of combined plant space.

This combination of talents and facilities,
backed by the corporate financial resources
of General Precision, Inc., makes it pos-
sible to develop, produce and manage any
advanced system for manned aircraft.

TODAY'S DEMONSTRATED
ACHIEVEMENTS SHAPE TOMORROW

KEARFOTT

GENERAL PRECISION, INC. NinATCOS

PRINCIPAL OPERATING SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION LINK
Tarrytown, N.Y.
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new! low-cost
self-contained
TV camera
provides 650 line
resolution!

antrol panel

High-quality closed circuit television is now more
practical than ever. KIN TEL’s new 20/20 camera is
the reason. It contains its own control circuits. This
eliminates the separate unit so longtraditional with
high-quality TV systems...lets you connect the
camera directly to a monitor—or home TV receiver.

The 20/20 is easier and less expensive to install,
operate, service. Yet it gives the sharpest, clearest
pictures in the industry — 650 lines of horizontal
resolution. It is so sensitive that you can get usable
pictures with as little as one foot candle of illumi-
nation—less than the light now falling on this page.

Trouble-free operation is designed into the 20/20.
Transistor circuits are used wherever possible.
Power consumption is only 25 watts. Protective
circuits prevent vidicon damage in case of sweep
failure. And the swing-out circuit boards make
servicing easy.

Many standard accessories custom-fit the 20/20 to
your exact needs. A light compensation circuit auto-
matically adjusts the camera for light variations
as great as 4000 :1. Motors provide remote control
of the lens turret, lens focus, and a lens-speed filter.
Sync generators assure 2:1 interlace either in the
standard industry-wide sweep/scan pattern, or in
the FINELINE pattern that gives you greatly in-
creased vertical resolution. RF modulators make
the pictures available on standard TV channels 2
through 6.

Cut costs, reduce errors with one of KIN TEL’S com-
plete lines of high-quality, closed circuit TV. Other
companies do. U.S. Steel uses KIN TEL TV to see
inside open-hearth furnaces. E. F. Hutton uses one
to transmit stock quotations. Los Angeles Depart-
ment of Water and Power uses KIN TEL TV to check
steam plant burners and to view remote water-level
meters. The San Francisco Naval Shipyard uses
one to guard against pilferage. American Potash
& Chemical conveyor lines and warehousing opera-
tions are monitored by KIN TEL TV as are radiation
studies at General Atomic. KIN TEL TV provides
detailed surveillance of every type of ICBM outside
the Iron Curtain. All told, hundreds of KIN TEL TV
systems are performing critical and routine jobs
safely, inexpensively, tirelessly.

Application help is free for the asking. At no obliga-
tion, KIN TEL field engineers will determine whether
a TV system can be put to profitable use in your
application. Just write direct for catalog 6-203 and
the name of your closest KIN TEL representative.
There is one in every major city.

5725 Kearny Villa Road
San Diego 11, California
BRowning 7-6700

A DIVISION OF
P
SOF

ELECTRONICS. INC
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EXPERIMENTS IN ANIMAL PSYCHOPHYSICS

New techni(] ues for (;:ontrolling the behavior of animals make

1" possible to measure their response 10 Varying stimuli. In

these experiments pigeons are tramed to “tell” what they see

you can ask him. How would you

find out from a pigeon? This was a
problem that Floyd Ratliff and I put to
ourselves a few years ago when I was
working in his laboratory at Harvard
University.

We were specifically interested in the
phenomenon of “brightness contrast™
When two gray spots of equal brightness
are displayed side by side, one against
awhite background and the other against
a black background, the spot surrounded
by white looks darker to most human

[f you want to know what a man sees,

PIGEON AT WORK in an experiment on “brightness contrast” is
trained to peck at the brighter of two round spots. In this case

by Donald S. Blough

subjects. To equalize the apparent
brightness, the actual intensity of this
spot must be made considerably greater
than the intensity of the other. We
wanted to know if one spot would seem
brighter to pigeons too, and if so how
much brighter.

Such quantitative studies of percep-
tion belong to the branch of experimen-
tal psychology called psychophysics.
Psychophysics was originated in 1850
by the German physicist and philosopher
Gustav Theodor Fechner, who envisaged
“an exact science of the functional rela-

© 1961 SCIENTIFIC AMERICAN, INC

tions...between the body and the
mind.” Although his best-known result—
“Fechner’s law” that the magnitude of
a sensation is proportional to the loga-
rithm of the intensity of the stimulus—
now appears to be wrong, his general
approach and ways of measuring have
stood up well.

The terms “mind” and “sensation”
have, to be sure, caused some difficulties
in experimental psychology. Experi-
menters could rarely agree about what
was going on in the minds of their sub-
jects. Instead they turned to behavior,

the two are of equal intensity. But the dark background makes the
left-hand spot seem brighter to the bird, which pecks accordingly.
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PIGEON IN TRAINING stands in an experimsntal box. The bird

faces two plastic panels, on each of which a spot of light of variable

which can be objectively specified and
measured. When sensation is explicitly
defined by behavior, an animal psycho-
physics comes within reach. But why
reach for it? Why bother with animals
when college sophomores are so readily
available? There are several good rea-
sons: Comparison of different species
often helps in understanding psycholog-
ical processes. Animals will work harder
than sophomores. The investigator can
control important variables, including
upbringing and genetics; he can com-
bine psychological with physiological
studies. In spite of these advantages,
most areas of psychophysics for a long
time made little use of animals: their be-
havior was too hard to control precisely.
Recently techniques affording the neces-
sary precision have been developed, and
animal work is beginning to make new
headway.

For our first psychophysical experi-
ment, on the brightness-contrast effect
in animals, Ratliff and I chose the
pigeon, partly because of its excellent
vision. Moreover, just down the hall
from our laboratory B. F. Skinner was
already controlling the responses of
pigeons to visual stimuli [see “How to
Teach Animals,” by B. F. Skinner; Sc1-
ENTIFIC AMERICAN, December, 1951].
We set out to apply Skinner’s methods to
teaching the birds how to tell us about
the relative brightnesses of two spots of
light—to teach them, as Ratliff liked to
say, a sort of pigeon English.

|14

On the wall of a darkened training
box we mounted a pair of white plastic
panels. A hungry pigeon was put into
the box facing the panels. A sharply de-
fined spot of light was projected on the
center of each panel; the surrounding
area was dark. When the bird pecked at
a panel, we rewarded it with a few sec-
onds’ access to a pan of grain. Once the
pecking behavior had been established
we varied the relative intensity of the
spots, sometimes making the left-hand
one brighter, sometimes the right-hand
one. Now the bird was rewarded only
for pecking at the brighter spot. Soon it
was hammering away at the bright spot
and avoiding the dimmer one. After a
while we were able to cut the frequency
of rewards substantially. Correct pecks
produced food only at random intervals,
but the pigeon kept pecking steadily
even when three or four minutes passed
between rewards.

Ai-t this point we could have tried to go

directly to the contrast situation. In-
stead we first incorporated an elegant
method invented by Georg von Békésy,
another neighbor in the department, to
study auditory sensitivity in human be-
ings. His subject listened to a soft, con-
tinuous tone and kept a telegraph key
pressed down as long as he heard it.
While the key was down it completed a
circuit that gradually decreased the in-
tensity of the tone. When the tone was
no longer audible and the subject re-
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intensity is projected. Trained to peck at the panel with the
brighter spot, the bird does so (left) and is rewarded with

leased the key, the tone automatically
grew louder until it was heard again
—whereupon the subject pressed the key,
the tone faded and so on. The pen of a
recorder, tracing out the fluctuations in
intensity, “tracked” the subject’s sensi-
tivity on a moving piece of graph paper.

Békésy’s tracking technique is effi-
cient: the stimuli are never unnecessar-
ily large or small. It provides a continu-
ous record instead of a number of dis-
crete points. Most important for animal
experiments, tracking requires no talk-
ing by the subject.

To adapt Békésy’s tracking method to
our problem, we hooked up the target
panels to a system of relays and motors
that operated to change the relative in-
tensity of the spots. A peck at a panel
made its spot a little dimmer and the
other spot a little brighter. The bird was
still rewarded, although infrequently,
for pecking at the brighter spot, so it
stuck faithfully to the task. After a few
pecks, however, the brighter spot be-
came the dimmer one and the pigeon be-
gan to peck on the other panel, soon re-
versing the intensities again [see photo-
graphs above]. As the pigeon switched
back and forth, the recording pen
swung up and down across the point of
apparently equal brightness, which was
in this case the same as the point of
objectively equal intensity.

Now we were ready to investigate
brightness contrast. As the pigeon was
tracking the equal-brightness point, we



grain (second from left). But each peck at a panel makes its
spot less intense and the other one brighter; the pigeon notices

suddenlyilluminated the area around the
right-hand spot quite brightly, leaving
the left-hand spot surrounded by dark-
ness. Presenting this display to our
pigeons, we asked them in effect to show
by their pecking whether or not the left-
hand spot looked brighter to them, as it
did to us. Not knowing the answer, we
no longer rewarded the birds; we could
not tell them, they had to tell us.
Fortunately they would work for a
time without food, being accustomed to
intermittent rewards. Although some-
what taken aback by the bright sur-
round, they continued to peck, attacking
the left-hand panel—the one that ap-
peared brighter to us. Each of the sub-
jects quickly adjusted the intensities
until the right-hand spot was much
more intense than the left [see illustra-
tion on next page]. Then the subject pro-
ceeded to track around this point of in-
equality in the physical intensities.
When the bright surround was turned
off, the bird immediately returned the
spots to their former equal intensities.

The results showed that tracking could
be an extremely valuable technique
in animal psychophysics, but the con-
trast experiment itself suffered from at
least one serious flaw. Because the con-
trast situation was quite novel to the
pigeons and rewards had to be cut off as
soon as they encountered it, pecking
slowed up drastically and stopped com-
pletely if the tests were repeated more

than once or twice. I then became inter-
ested in a line of investigation in which
this difficulty could be surmounted.

One of the basic psychophysical meas-
ures is the “absolute threshold,” or
smallest stimulus that can be detected.
I decided to see if pigeons could be

the change and switches panels (right). Photographs do not show
the actual box but an open model used for demonstration purposes.

taught to track their visual thresholds
in the same way that Békésy’s human
subjects had tracked their auditory
thresholds.

For an experimental chamber my as-
sociates and I built a lightproof box with
a single opening in one wall to admit the

,/.'
-

-/

BRIGHTNESS-CONTRAST effect is illustrated by the two gray spots in this illustration.
They are of equal intensity, but the one on the white background looks darker than the other.
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stimulus beam [see illustration on page
120]. To help the bird orient itself in
total darkness we provided a partition
with a hole for the subject’s head. Stand-
ing with its head through the hole, a
pigeon faced the stimulus spot a few
inches away and brought its beak with-
in reach of two response keys and a re-
ward tray. The keys and light source
were connected so that pecks on the
bottom key (A) made the spot progres-
sively fainter, whereas pecks on the top
key (B) made it brighter. If the pigeon
could learn to peck at key A as long
as it could see the spot and at key B
when the spot became too faint to see,
it would drive the intensity up and down
across its absolute threshold.

The tracking procedure was straight-
forward enough, but teaching pigeons to
do it was not easy. First of all, they had
to learn to work and eat in the dark
instead of going to roost, as is their habit.
We managed this by starting with an
overhead light in the box and gradually
dimming it during the course of several
hours. They became surprisingly adept
at finding grain in the dark; one of them
consistently gained weight during the
experiments.

A more serious problem was just when
and how to present rewards. Essentially

RIGHT SPOT

IkL-
I|I \
1l \

—

SURROUND IN
|

INTENSITY

we wanted to reward key A pecks when
the stimulus spot was visible and key B
pecks when it was not. But we did not
know when the stimulus was visible; in-
deed, that was the very thing we were
trying to determine. We did know, how-
ever, that if the stimulus light was actu-
ally shut off, we could safely reward
pecks on key B because the spot would
then surely be invisible. As it turned out,
this one certainty was all we needed to
set up the bird’s behavior on both keys.
We inserted a shutter in the path of
the light beam and closed it for inter-
vals of time. During these times we pro-
vided a reward for pecks on key B. The
disappearance of the spot came to signal
the fact that food was available for key
B pecks. According to a well-established
principle of behavior, a stimulus that
signals a reward in this way may itself
be used as a reward—a “secondary” or
“conditioned” reward. So we then ap-
plied this secondary reward—the disap-
pearance of the stimulus spot—to keep
the bird pecking at key A. That is, we
closed the shutter in response to key A
pecks; when the shutter was closed, key
B pecks produced a reward. To anthro-
pomorphize a bit, the bird pecked key A
“to turn out the light” and key B “to get
the food.”

0 U ©F

TIME (MINUTES)

Constantly closing the shutter and
feeding the bird, however, would make
tracking of the threshold impossible.
We therefore cut the number of rewards
to a minimum. Pecks on key A closed the
shutter only at random times, spaced an
average of 20 seconds apart. When the
shutter was closed, an average of nine
pecks on key B (at a rate of perhaps five
per second) was necessary to produce
the food reward, and then the shutter
reopened. Between the shutter closings
tracking went on, pecks on key A making
the stimulus dimmer and pecks on key B
making it more intense.

\X/hy did the bird ever shift from key
A to key B during these intervals?
Why didn’t it keep pecking at A until it
had obtained its secondary reward by
closing the shutter? This is the basic
point of the experiment: the bird could
not tell the difference between the clos-
ing of the shutter and a simple drop in
the intensity of the stimulusbelow thresh-
old during tracking. The failure to dis-
criminate between zero intensity and
subthreshold intensities, in fact, defines
the absolute threshold.
With practice, the pigeons did a beau-
tiful job of tracking. Spurred on by an
intermittent reward, they pecked away

PIGEON’S.EYE VIEW of brightness contrast is obtained by the
tracking technique. When the backgrounds are the same, the bird
keeps the intensities of the two spots about equal. But when the

right-hand spot has a bright surround, it appears dimmer to the
pigeon than the left-hand spot. To equalize the “brightness” the
bird raises the actual intensity of the right-hand spot considerably.

1o
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VISUAL THRESHOLD is determined by measuring the intensity
of the dimmest light the pigeon can see. The bird is trained to peck
key A when it can see the light, key B when it cannot. Most of the

Al

B

3 INTENSITY

time key 4 pecks (1) drive the intensity down and pecks on key B
raise it (2). A reward sequence is introduced at random inter-
vals: as the bird pecks key 4 (1) a shutter closes (3), and pecks on

for hours with a patience we could only
envy. They had their bad days, of course,
but usually they seemed immune to the
boredom and lapses of attention that
plague human subjects and psycholo-
gists.

The first application of the pigeons’
carefully cultivated threshold tracking
ability was an experiment on dark adap-
tation, the process by which the eye in-

TIME IN DARK

creases its sensitivity in dim light. We
are all familiar with the adjustment that
takes place in a dark theater, for exam-
ple, when we can see little at first but
gradually make out more and more of
the things around us. Dark adaptation
is studied in the laboratory by tracing
the visual threshold as it changes in the
dark; the increasing sensitivity is repre-
sented by a decrease in the threshold.

CONE THRESHOLD

o

The threshold curve for the dark adap-
tation of the human eye usually has a
distinctive shape [see chart at left be-
low]. During the subject’s first few
minutes in the dark his threshold falls
rapidly, then the curve levels off for a
while. Suddenly the threshold again
drops precipitously and then it levels
off gradually. The accepted explanation
for this sequence is that the two seg-
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segment. The lower human curve, made

DARK ADAPTATION occurs in two stages, as shown by the chart at left. First the cone
receptors in the retina reach maximum sensitivity, then the rods exceed them. The operative
adaptation curve is shown by the solid lines. The chart at right compares dark adaptation in
pigeons and man. The pigeon curve (in color) has a short cone segment and a long shallow rod
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after the same pre-exposure as the pi-
geon curve (22 millilamberts), has no
cone segment. Brighter pre-exposure
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key B are rewarded by access to a pan of
(4). Then the shutter reopens and
the regular tracking procedure is resumed.

grain

ments of the curve correspond to the two
types of visual receptor in the retina—
cones and rods. The cones are the less
sensitive and carry the main burden of
daytime and color vision. The rods, at
their best much more sensitive than the
cones, are specialized for night vision
and do not distinguish colors. The first
segment of the dark-adaptation curve
apparently describes the activity of the

o
Q

30 40 50 60 70
TIME (MINUTES)

(343" millilamberts) brings out a short
cone segment in the upper human
curve. The curves reflect differences be-
tween pigeon and human retinal cells. |
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RELATIVE STIMULUS INTENSITY
(LOGARITHMIC SCALE)

A
DRUG ADMINISTRATION

EFFECT OF A DRUG is measured by the tracking technique. The

drug, lysergic acid diethylamide (LSD), reduces visual sensitivity.

cones, which quickly reach their maxi-
mum sensitivity. When the rods, adapt-
ing more slowly, exceed the cones in
sensitivity, the second segment appears.

Counterparts of the human rods and
cones are found in many species. Appro-
priately, nocturnal creatures such as the
rat have many rods and few cones. Di-
urnal animals have many cones and may
have no rods at all. Rods far outnumber
the cones in the human eye; the pigeon,
which is quite inactive at night, has few-
er rods. This suggests that the pigeon’s
curve of dark adaptation may have a
more prominent first segment and a
shallower second segment than the curve
for human beings has.

To measure adaptation in pigeons we

5 1

TIME (HOURS)

put them for a time in a box with evenly
illuminated white walls, then moved
them to the experimental apparatus,
where they tracked their visual thresh-
olds as their eyes adapted to the dark-
ness. After a 10-minute exposure to a
brightness of 22 millilamberts (roughly
the brightness of a piece of white paper
in reading light) they produced a clear-
ly segmented threshold curve. In one
typical case the first, or cone, segment
lasted 15 minutes and the second, or rod,
segment took almost an hour to level off
[see illustration at bottom of pages 118
and 119]. To get comparable data for
the human eye I tested myself in as simi-
lar a way as possible—pressing telegraph
keys, however, rather than pecking. My

FOOD

EXPERIMENTAL SETUP for threshold tracking is illustrated
schematically. The pigeon faces a stimulus light the intensity of
which is decreased by pecks on key A4 and increased by pecks on key

120

SHUTTER

STIMULUS

CONTROL CIRCUIT
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After tiny doses (300 millionths of a gram of LSD per kilogram of
body weight in this case) the pigeons’ threshold rose sharply.

threshold curve dropped to a minimum
in 15 minutes and showed no cone seg-
ment. Only by exposing myself to a
much brighter light (343 millilamberts)
could I hold off my rod adaptation
enough to reveal a brief cone segment.
My rod segment, on the other hand, fell
farther than the pigeon’s. All in all, the
differences were about as expected.

The next series of experiments con-
cerned the sensitivity of the pigeon’s
eye to different wavelengths of light.
Measurements on the human eye had
demonstrated that cones and rods have
their maximum sensitivity in different
regions of the spectrum: the cones are
most sensitive to vellowish-green light
with a wavelength near 555 millimicrons

OPTICAL WEDGE
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RECORD

B. Once in a while key 4 pecks close the shutter, and key B pecks
then bring access to the food reward. The full sequence of events
in this procedure is shown by illustration on preceding two pages



(millionths of a millimeter) ; the rods, to
a blue-green light near 510 millimicrons.

To obtain comparable data for the
pigeon we repeated the dark-adaptation
tracking procedure, but instead of using
white light we projected 15 different
spectral colors with wavelengths spaced
evenly across the visible range from 380
to 700 millimicrons. The first short, flat
portion of each threshold curve repre-
sented the maximum sensitivity of the
cones at that particular wavelength; the
final flat section, the maximum sensitivi-
ty of the rods. Combining the values ob-
tained from all the curves, we could plot
the pigeon’s spectral sensitivity for cones
and rods. An average of the results for
three test birds gave maximum rod and
cone sensitivities at about the same
wavelengths as with human subjects
[see top illustration on next page].

A comparison of the complete sensi-
tivity curves shows that pigeons are a
good deal more sensitive than normal
people in the short-wavelength, or violet,
portion of the spectrum. This is appar-
ently due to a filtering action of the lens
in the human eye; the human lens, un-
like the lens of the pigeon, has a yellow-
ish cast and therefore absorbs much of
the violet light. People who have had
their lenses removed, usually because of
cataracts, can see more violet (and even
some ultraviolet) light. The sensitivity
curve of such “aphakic” subjects match-
es the pigeon’s curve rather closely.

Spectral sensitivity can be measured
inways other than by our psychophysical
technique, particularly in animals. At
the Royal Caroline Medico-Surgical In-
stitute in Stockholm, Ragnar Granit and
K. O. Donner used an electrophysiolog-
ical method. They inserted electrodes
into the eyeballs of pigeons, exposed the
birds to light of various wavelengths
and recorded the electrical responses of
cells closely connected to the receptor
cells of the retina. Another approach has
been to study the light-sensitive pig-
ments in cones and rods. These pigments
absorb more light at some wavelengths
than at others, and their absorption
curves are probably the ultimate basis
for the spectral sensitivity of the eye.
One such pigment—rhodopsin, or “visual
purple”’—is found in both human and
pigeon rods. The characteristics of hu-
man cone pigments are not known with
certainty, but a cone pigment called
iodopsin has been extracted from the
eyes of pigeons and other animals.
George Wald of Harvard University has
determined the absorption spectra of
rhodopsin and iodopsin from the eyes
of chickens.

Our tracking experiments provided a

300 kMc 3,000 kMe

T
MILLIWAVES

MILLIMETER SUB-MILLIMETER

1 MM

Millimeter-wave
generators

now ready for
systems designers

Raytheon and CSF jointly announce
results of development programs

Raytheon Company and Compagnie générale de télégraphie
Sans Fil (CSF) of France have recently completed extensive
research activities to assist designers of systems above 100
kMc. The result? Introduction of a variety of oscillators,
amplifiers, sensors, and waveguide components for this part
of the electromagnetic spectrum.

Broadband and narrow-beam capabilities inherent in milli-
meter-wave systems open exciting new possibilities. Detec-
tion of clear air turbulence, advanced air navigation, radar
mapping of planets, high-resolution terrestrial reconnais-
sance, greatly improved accuracy in Doppler navigation sys-
tems are just a few.

Raytheon and CSF invite you to take a
close look at these activities by reading
a 90-page illustrated technical report en-
titled “Millimeter Waves, the New Fron-
tier.” Write for your copy —on your com-
pany letterhead, please—today. Address
Frank G. Lynn, Spencer Laboratory,
Burlington, Massachusetts.

American Radio Company, Inc., 445 Park Avenue, New York 22, N. Y.,
is CSF’s wholly owned subsidiary in the United States. Raytheon is repre-
sented in Europe by Raytheon A. G., Zug, Switzerland.

© 1961 SCIENTIFIC AMERICAN, INC

121



— |———//'/ //
] 1 :
<
Q
w)
&)
= /
I ;
= i
o ]
< 01 t
0]
) |
z
>
= .
%2} -~
7 { -
b7y |
= ==
=
< >
& /’
.0001 ¢ -
’I
.00001 :
) 600 700
WAVE LENGTH  (MILLIMICRONS)
PIGEON SPECTRAL SENSITIVITY of pigeons is compared with that
— APHAKIC HUMAN of normal humans and of “aphakic” humans who lack the

—-—— NORMAL HUMAN

lens of the eye. The latter are more sensitive than normal

to violet light, and their curves are similar to a pigeon’s.

RELATIVE SENSITIVITY (LOGARITHMIC SCALE)

.0001;

.00001 . —
400

500 600 ) 700

WAVELENGTH  (MILLIMICRONS)

BEHAVIORAL METHOD
—— PHOTOCHEMICAL ABSORPTION
—=== MICROELECTRODE METHOD

122

PIGEON COLOR SENSITIVITY is charted, based
on three methods. Similar results were obtained
from psychophysical tracking, retinal-pigment ab-
sorption and electric currents in optic-nerve cells.

© 1961 SCIENTIFIC AMERICAN, INC

unique opportunity to combine three
types of data—psychophysical, electro-
physiological and photochemical—for a
single species. We plotted our pigeon
curves again [see bottom illustration on
this page] and this time matched to
them, with peaks coinciding, the two
other sets of curves: the electrical im-
pulses recorded directly from the pigeon
retina and Wald’s absorption spectra for
rhodopsin and iodopsin. The curves
match surprisingly well, although there
is a noticeable discrepancy in the short
wavelengths between the curves for
iodopsin and for psychophysical cone
sensitivity. This probably results from
the presence in the pigeon’s cone recep-
tors of tiny colored droplets of oil, which
seem to act as color filters and absorb a
good deal of light at short wavelengths.

At about the time that our birds finished

+ X pecking out their spectral-sensitivi-
ty curves, we heard some interesting re-
ports about a new drug, lysergic acid
diethylamide (LSD). This substance
was attracting wide attention because in
humans it could produce hallucinations
and other symptoms of mental illness.
In experiments on human subjects it had
been found that minute doses of LSD
somehow disrupt the visual system and
reduce visual sensitivity. We decided to
give the pigeons some LSD and see what
happened.

After administration of the drug the
birds sometimes stopped pecking for a
time, but when they went back to work,
they showed a marked decrease in sensi-
tivity [see illustration at top of page
120]. A dose of only 100 millionths of a
gram per kilogram of body weight was
enough to raise the threshold an average
of tenfold. In other words, the dimmest
light the birds could see at the height of
the drug’s effect was about 10 times as
intense as the dimmest they could see
normally. Their sensitivity began to re-
cover about four hours after receiving
the drug, and by the next day it was
normal. This striking, reversible effect
of such tiny doses suggests that LSD
could be a helpful tool in studying the
transmission mechanisms of the visual
system.

Tracking is, of course, adaptable to
other animals. At Brown University,
Allan Schrier and I are now adapting the
method to test the visual capacities of
monkeys; elsewhere several species
of animal are tracking a variety of char-
acteristics, both visual and auditory.
Other powerful techniques are being
developed. It seems clear that animal
psychophysics will make a substantial
contribution to psychological research.
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RCA 110 Control Computer

When something goes haywire in a process, the RCA
110 Control Computer doesn’t panic and take un-
necessary or ill-considered control actions. Instead,
the RCA 110 has the speed, the capacity and the
reliability to handle alarm conditions as if they were
normal. It’s the one control computer that combines
“panic-proof” abilities with “panic-proof” design to
assure you that it will do the job and stay on the job.

PANIC-PROOF ABILITY

® Real-time speed permits thorough analysis before tak-
ing control action.

@ Automatic priority analysis provides ‘““first things first”
control.

® Input checking ability verifies authenticity of infor-
mation received.

@ Ability to by-pass inoperable peripheral equipment
prevents needless loss of control.

® Complete self-checking routines inspect for proper per-
formance at all times.

® Double protection through duplicate program storage
in core and drum memories, guarding against pro-
gram error.

@ Automatic power switching to alternate source with-
out loss of control, if main power fails . . . controlled
shutdown with all information preserved in event of
complete power failure.

PANIC-PROOF DESIGN

® Pressurized heavy-duty cabinets keep system free of
damaging atmospheres.

® Optional internal heat exchangers for severe environ-
ments.

® Proven circuit designs and circuit boards.

® Drum memory circuits independent of drum speed
over wide limits.

® Low impedance grounding path to protect low-level
signals.

® Complete parity checking of all information.
® Gradual power turn-on protects against start-up shock.
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Non-volatile drum and core storage to protect mem-
ory contents.

For complete information write Electronic Data Process-
ing Division, RADIO CORPORATION OF AMERICA,
21 Strathmore Road, Natick, Mass.

The Most Trusted Name in Electronics
RADIO CORPORATION OF AMERICA
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CRYOTRON CIRCUITS are made by condensing vapors of super-
conducting and insulating materials on glass plates. The colored
bands in these photographs are films of lead and tin. Colors, like
those in oil films, are produced by interference effects in the thin
films. The three circuits are different versions of a switch, or “flip-

flop,” in which current is switched between upper and lower
branches of the horizontal rectangular loops by the action of control
films that cross the branches in upper two circuits and lie along
them in bottom one. Top circuit switches in one microsecond ; mid-
dle circuit, in .3 microsecond; bottom circuit, in .002 microsecond.
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SUPERCONDUCTING COMPUTERS

The demand for computers of greater capacity calls for smaller and

faster computer elements. One approach to the problem 1s to design

elements that take advantage of the phenomenon of superconduotivity

r I Yhe designer of computers some-
times feels like a mountain climb-
er threatened by an avalanche of

his own making. In this case it is an
avalanche of numbers. Each advance in
the art of high-speed computers has
loosed a rush of numerical data and new
problems from science, engineering and
business. To take one example, solid-
state physicists can now attack certain
important questions concerning diffu-
sion that they could not have touched a
few years ago. To solve such problems,
however, requires several months of
continuous running time on a large com-
puter. To keep pace with the mounting
demand it will soon be necessary to have
computers with hundreds—even thou-
sands—of times the capacity of the huge
machines now in existence. It is probably
not an exaggeration to say that the pres-
ent rate of scientific and technological
progress will not be maintained unless
such computers are developed.

With refinements in design and in
programing technique the basic ele-
ments in present computers can be made
to perform substantially more efficiently
than they do now, but not by a factor of
hundreds or thousands. That will be ac-
complished only through radically new
devices for carrying out the fundamen-
tal operations of digital computation.
Workers in many laboratories are search-
ing the broad field of solid-state elec-
tronics for such devices. This article will
discuss the idea of superconductors as
computer elements—an attractive possi-
bility that the authors and others have
been investigating for several years.

Although it is half a century since
the Dutch physicist Heike Kamerlingh
Onnes discovered superconductivity,
the phenomenon is only now on the
threshold of any practical exploitation
[see “Applications of Superconductivi-
ty,” by Theodore A. Buchhold; Scien-

by William B. Ittner Il and C. J. Kraus

TIFIC AMERICAN, March, 1960]. The late
Dudley Buck, a young electrical engi-
neer at the Massachusetts Institute of
Technology, first pointed out in 1956
that certain properties of superconduc-
tors make them well suited for use in
computer circuits.

First of all, of course, there is the
central fact of superconductivity: that
the electrical resistance of many sub-
stances disappears completely at tem-
peratures near absolute zero. The criti-
cal temperature at which this happens is
different for each superconducting ele-
ment and compound, varying from a
fraction of a degree to about 20 de-
grees Kelvin (degrees centigrade above
absolute zero). Secondly, the super-
conducting state is destroyed by a suffi-
ciently strong magnetic field, either ap-
plied from the outside or generated by
current in the conductor itself. The criti-
cal field strength for every material is
greatest at zero degrees and decreases to
zero at the so-called critical tempera-
ture [see top illustration on page 128].

N long ago as 1935 J. M. Casimir-Jon-

ken and W. J. de Haas of the Kamer-
lingh Onnes Laboratory in Leiden built
a simple switch based on this action.
They wound a thin wire made of one
superconducting material around a
length of insulated, thicker wire made of
another [see illustration at right]. The
materials were chosen to make the
critical field of the thin wire much great-
er than that of the thicker one. Hence
the Dutch workers could design an ar-
rangement in which a supercurrent
through the winding produced a mag-
netic field strong enough to destroy the
superconductivity of the central wire but
not of the winding itself. They had made
a relay: current in one circuit controlled
the resistance of a second, switching it
from zero to a finite value.
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No one paid much attention to the
device until Buck saw its possibilities.
A digital computer is essentially an
enormous switching network in which
each element can have two positions
corresponding to the binary digits 0 and
1. Superconducting switches, which
Buck named cryotrons, offered several
potential advantages, as will be shown
later. In his version a winding (“cryo-
tron control”) of niobium switched a
central wire (“cryotron gate”) of tanta-
lum. He adjusted the diameter and ge-
ometry of the wires so that the control
current necessary to switch resistance
into the gate was less than the current
that the gate itself could carry with-
out losing its superconductivity. Thus

| b
CONTROL (
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ORIGINAL CRYOTRON consisted of a
thin wire of niobium (control coil) wound
around a thicker wire of tantalum (gate).
Supercurrent flowing through control coil

produced a magnetic field strong enough to
destroy the superconductivity of the gate.
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SUPERCONDUCTING LOOP maintains a
constant magnetic field within itself, as
demonstrated in a three-step experiment:
(1) bar magnet is inserted in ring at room
temperature (top); (2) combination is
put into liquid helium (color) and ring be-
comes superconducting (middle) ; (3) mag-
net is withdrawn (bottom), inducing a
supercurrent in the ring, which continues
to flow indefinitely, creating a magnetic
flux equal to that produced by the magnet.
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the device had “gain”: a smaller current
controlled a larger one. This meant that
the gate current of one unit could oper-
ate the control of a second, the gate cur-
rent of which could serve in turn to
control a third, and so on indefinitely. A
network could be built entirely of cryo-
trons, without the need for auxiliary
amplifiers.

Buck showed how to make a number
of simple, typical computer circuits out
of cryotrons. In most of them the ele-
mentary unit is not a single switch but
a pair of switches, usually connected to
form a loop [see illustration on opposite
page]. The behavior of this fundamental
circuit depends on another relation be-
tween superconductivity and magnet-
ism: the magnetic flux, or total number
of lines of force, passing through a super-
conducting loop can never change. To
understand why it cannot, recall that
whenever the flux through any closed
conducting circuit is changed, for ex-
ample by inserting or withdrawing a
magnet, a current is induced. This cur-
rent sets up a magnetic field of its own,
oriented in such a way as to oppose the
change. In a normal conductor some
energy goes into overcoming electrical
resistance, so that the induced field is
always a little weaker than the inducing
field. And as soon as the change in the
inducing field stops, the current rapidly
dies out.

In a superconductor, on the other
hand, no energy is wasted by resistance,
and the induced field essentially cancels
the inducing one. Moreover, once a cur-
rent is started it continues indefinitely.
If a magnet is pushed into a supercon-
ducting ring, the resulting current pro-
duces a persistent field that cancels the
field of the magnet. In short, no net flux
can be inserted through the ring. Con-
versely, if the magnet is inserted before
cooling the ring to the superconducting
state, the field that is present at the time
the material becomes superconducting is
trapped. When the magnet is with-
drawn, the induced current produces a
flux of the same amount and direction as
the flux that was originally provided by
the magnet.

The last experiment, incidentally, was
devised by Kamerlingh Onnes to deter-
mine if the resistance of a superconduc-
tor is really zero or simply too small to
measure by ordinary means [see illus-
tration at left]. He inserted a bar mag-
net into a ring, immersed the combina-
tion in a bath of liquid helium and
then pulled out the magnet. Thereafter
he tested the strength of the magnetic
field around the ring from time to time
and never detected any decrease. In
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1955 Samuel C. Collins of M.I.T. per-
formed a similar experiment, using the
most sensitive instruments available. He
kept it running for more than two years
and he too could find no evidence of a
drop in the current. For all practical pur-
poses the resistance of a superconductor
to the flow of direct current is indeed
zero, and there is no theoretical reason
to believe that any unmeasurably small
resistance exists.

’]“0 return to the cryotron loop, con-

sider its operation through a com-
plete cycle. Originally there is no cur-
rent through either of the parallel gates
or through either control winding [see
illustration “a” on opposite page]. All
parts of the circuit are superconducting
and the magnetic flux through the loop
is zero. Now a current is sent through
the line supplving the loop. Since the
loop is symmetrical, the current must be
divided equally between the two branch-
es; in this way the field set up in the loop
by one branch exactly cancels the field
set up by the other, keeping the net
flux equal to zero [illustration “D”].
Then a control current is allowed to flow
through one of the cryotron control
windings, say the left-hand one. The
gate of the winding becomes resistive
and the current that had been carried by
the left side of the loop switches to the
other side, which is still superconduc-
tive. With all the current flowing
through the right-hand branch, there is
now a net field through the loop [illus-
tration “c”]. The flux has changed, but
only because the superconductivity of
the complete loop was destroyed.

When the control current is turned
off, the entire circuit again becomes su-
perconducting, and the flux through the
loop is trapped. This means that all the
gate current must continue to flow
through the right-hand side; if it were
to divide in any way, the net flux would
not remain constant. The only way to
change the pattern is to actuate the
right-hand control winding, switching
resistance into this gate and thereby
flipping the current to the left-hand side
lillustration “d”].

The cryotron loop is a circuit element
that has two stable conditions, and it can
be switched repeatedly between one and
the other. It therefore serves to register
and to “remember” one binary unit
(“bit”) of information: current in one
branch represents 0; current in the oth-
er branch, 1.

The foregoing description has glossed
over one important point: When a gate
becomes resistive, the current through
it does not stop immediately. Instead it



CRYOTRON LOOP is the fundamental element in many computer current through left-hand control puts resistance into its gate,
circuits. Helices represent control coils; thick tube, the gate con- switching all gate current to right. In ¢ control current is removed,
ductors; colored lines, electric current; broken lines, magnetic and left-hand gate becomes superconducting again. Gate current
flux. In drawing a current divides between two gates so that flux stays on the right, so that the net flux that now threads the
from left-hand branch cancels flux from right-hand branch. In b a loop does not change. In d current is switched to left-hand gate.
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decays over a period of time determined
by the amount of resistance in the gate
and by the inductance of the circuit.
Inductance, or self-induction, refers to
the interaction of a conductor with the
magnetic field of its own current. As in
the case of induction by an external field,
the interaction always opposes change:
self-induced voltage pushes against a
rising current but tends to prolong a dy-
ing one. In short, it furnishes a sort of
electrical inertia.

Both resistance and inductance de-
pend on the size of the conductor. The
thicker a wire, the smaller its resistance:
the greater its length, the greater its in-
ductance. Therefore in general it takes
longer to switch a large loop than a
small one. Buck’s original cryotron gate
was about .25 millimeter in diameter,
and his loop took several hundred micro-
seconds to switch. The transistors in
present computers do considerably bet-
ter, and wire-wound cryotrons conse-
quently have little practical interest.

To achieve shorter switching times
cryotrons are now made of flat films
only a few thousand angstrom units
thick. (An angstrom unit is one ten-mil-
lionth of a millimeter.) These films have
hundreds of times the resistance of bulk
wires. Moreover, their inductance can
be substantially reduced by mounting
them over superconducting base plates.
The effects combine to give current trans-
fer times of the order of a billionth of a
second, which is quite good by the stand-
ards of present commercial computer
technology.

'Fhe reason that a base plate decreases
inductance is to be found in another
aspect of the magnetic effects discussed
earlier. Whenever the lines of force of
an external field impinge on a conductor,
eddy currents start to flow near the sur-
face, producing, as always, a field that
opposes or cancels the outside field. In
a normal conductor the currents quick-
ly dissipate, and the external field pene-
trates the material. In superconductors
the eddy currents keep on flowing, per-
manently barring the penetration of the
field beyond a depth of about 500 ang-
strom units [see bottom illustration at
left]. The surface is in effect a reflector
of magnetic fields.

Placing such a reflector near a super-
conducting ribbon that is carrying a
current confines the field surrounding
the ribbon into the narrow gap between
the surfaces. As a result of this com-
pression the total flux that is produced by
a given current decreases, with a cor-
responding decrease in the self-induction
of the circuit.



CRYOTRON MEMORY CIRCUIT (in hand) is compared with

transistor circuit performing similar switching functions. Glass

A film cryotron, then, is a three-decker
sandwich, with three superconducting
layers—base plate, gate and control—sur-
rounding two layers of insulation [see
illustration at bottom right]. Instead of
coiling around the gate the control sim-
ply crosses it at right angles. Gain is
obtained by proper choice of width for
control and gate. The narrower a strip,
the stronger the field set up around it
by a given current. Therefore a small
current in a narrow control film can
switch resistance into a wider gate that
carries a larger current.

What are the advantages of cryo-
trons? First, their switching time, in
small loops, is short. In this essential re-
spect, however, they do not excel a num-
ber of other elements currently under
development.

Second, they consume only tiny quan-
tities of energy. A cryotron loop in either
of its superconducting equilibrium con-
ditions dissipates no power at all. Only
during the very short interval when dy-
ing current continues to flow through a
resistive gate is any energy consumed.
The amount is so small that a network of
a million cryotron loops, each being
switched 10 million times a second,

would require about one watt of power!

Third, strip cryotrons are small. The
upper circuit shown on the cover of this
issue of SCIENTIFIC AMERICAN is a plate
2% inches long, 1 inch wide and .04
inch thick. It contains 135 separate cryo-
trons. Hence it is physically possible to

GATE
\
\

CONTROL
\

INSULATION

LEAD
GROUND
PLANE

plate on which the superconducting films are deposited is 234
inches long, 1 inch wide and .04 inch thick. It contains 135 cryotrons.

put a very large number of cryotrons in
a small space. Because of their relatively
low power dissipation this can be done
without causing overheating.

As computers grow larger and switch-
es become faster there will be an increas-
ing premium on compactness: the time

INSULATION

FILM CRYOTRON consists of a pair of superconducting strips that cross at right angles and
are insulated from each other and from a thicker superconducting ground plane. Usually the
control film and ground plane are lead, the gate film is tin and insulation is silicon monoxide.
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CRYOTRON “DECODER,” essentially a branching network of switches, is an example of a
superconducting computer circuit. Black lines represent superconducting wires carrying no
current, colored lines represent wires carrying current. Superconducting gates are shown as
white rectangles, resistive gates as gray rectangles. By directing current through one or an-
other of the pairs of horizontal wires, vertical current switches to any of four branches.

a WRITING b WRITING

CURRENT CURRENT
DATA DATA - —
CURRENT CURRENT

READING atetlae o B8 READING
CURRENT | CURRENT ;
[
{5
C WRITING d WRITING
CURRENT CURRENT
DATA - PP DATA s
CURRENT  ~ CURRENT

READING [ [I'l READING

]
CURRENT H CURRENT ~ -% ==

MEMORY LOOP stores digital information. When lower gate (rectangle) is superconduct-
ing (a), reading current produces no voltage drop and voltmeter reads “0.” To write a “1”
current is sent through data and writing branches (b). Upper gate is resistive and data cur-
rent takes lower path. Removing writing and data currents successively (¢ and d) traps
current in loop, makes lower gate resistive and causes a voltage drop recorded as “1.”
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consumed in sending signals from one
part of the computer to another will soon
become greater than the time spent in
performing calculations. (An electrical
pulse travels about one foot along a wire
in a billionth of a second.) Eventually
the distance between different sections
of a computer will set the limit on over-
all speed.

It should also be noted that the small
space occupied by cryotron networks
tends to offset their chief drawback—
the necessity of keeping them immersed
in liquid helium. To be sure, the re-
frigerating equipment is bulky and re-
quires considerable power to run. But,
as has been pointed out, reducing the
size of the computer proper will prob-
ably justify spending considerable space
and energy on the container.

So far as we know no one has actually
built a superconducting computer.
In the laboratory of the International
Business Machines Corporation a variety
of subsidiary circuits such as counters,
memories and decoders have been built
and tested. As always happens in a re-
search program, a number of unexpected
problems have turned up, but the cryo-
tron principle still appears very prom-
ising for computers. Meanwhile con-
tinuing investigations of thin films are
yielding some new insights into the
superconducting state itself.

Bulk samples of superconducting ma-
terials behave as though they were im-
pervious to magnetic fields. The few
hundred angstroms to which the field ac-
tually penetrates represent a negligible
part of the total volume of the specimen.
This is not the case with thin films. Here
the depth of penetration may be a sub-
stantial fraction of the thickness. More-
over, when a film becomes very thin, its
superconducting efficiency decreases, as
will be explained shortly. As a conse-
quence the field penetration is greater at
any given depth in thin films than it is in
bulk materials [see bottom illustration on
page 128].

The greater the degree of penetra-
tion, the smaller the current that can be
carried without destroying supercon-
ductivity. A calculation of the energy
of the superconducting state leads to
the seemingly paradoxical result that
the deeper the penetration of the field,
the larger the external field required to
produce resistance in a superconductor.
Both effects act in the same direction, to
decrease the gain of a cryotron as the
film becomes thinner: the gate current
decreases, whereas the amount of the
necessary control current increases.
From a practical point of view this sets
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the field of range measurements have
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i a limit to the thinness of the film in
cryotrons. It also affords an experi-
| mental method for investigating some
fundamental concepts in the theory of
superconductivity.

The first successful attempt at a
theoretical description of the supercon-
ducting state was made in 1935 by Fritz
and Heinz London. Their theory pre-
dicted that magnetic fields would pene-
trate superconductors for short distances
only. Recent experiments demonstrated,
however, that the actual depth of pene-
tration differs substantially from the
values that the London theory calls for.

The year 1957 saw a major break-
‘ through in the understanding of super-
|

conductivity when John Bardeen, Leon
R. Cooper and J. Robert Schrieffer of the
University of Illinois published a de-
tailed quantum-mechanical theory of
the superconducting state. Very rough-
ly, the BCS theory, as it has come to be
known, embodies the fact that certain
electrons in the atoms of crystalline sol-
ids interact not only directly through
electrostatic repulsion but also indirectly
through the vibrations of the crystal lat-
tice. The latter interaction may, under
certain circumstances, produce an at-
tractive force between electrons. In ma-
terials that become superconducting the
attractive force exceeds the repulsive
force below the critical temperature.

In this view the superconducting state
is one in which the electrons are con-
densed into a special, low-energy state,
separated by an energy gap from the
states that can be occupied by normal
electrons. The width of the gap and the
| fraction of all the electrons in the low-
energy state are interrelated quantities,
and both vary with temperature. The
gap and the number of superconducting
electrons are a maximum at absolute
zero and decrease with increasing tem-
perature until they disappear at the
critical temperature.

The depth to which a magnetic field
penetrates a superconductor is also
known to vary with temperature. The
BCS theory shows that it depends on
the percentage of electrons in the super-
conducting state and therefore also on
the energy gap. In general, the penetra-
tion is least at absolute zero and becomes
infinite at the critical temperature. Since
the gain of a cryotron depends on the
penetration depth, a study of the varia-
tion of gain with temperature provides
indirect information about the width
of the superconducting energy gap and
direct information about the depth of
| penetration of the field.

These experiments also serve to il-
| luminate another feature of the BCS




Lunar VTOL Vehicle. A rocket-
propelled craft designed to collect
lunar ore specimens.

Nuclear Space Ship.
A Douglas design for a
space ship with crew
quarters and control
rooms in the nose,
nuclear reactor in

the rear.

Lunar Service Vehicle. Travels
like a ‘“‘swamp buggy'’ on
inflated rollers. Mechanical
arms provided to handle
outside chores.

Space Observatory. Sections of
this Douglas-designed space
station would be sent into space
in rockets and be joined together
in orbit.

Nuclear Space Ship.
A future, medium-
thrust, nuclear-
electric space ship
for one-year
interplanetary round
trips (Martian and
Venusian).

Douglas Thor.
Designed as a
military IRBM, this
dependable missile
is the workhorse
of the Space Age.

Saturn. First U. S. vehicle designed to
put tons of payload into orbit...or
onto the moon. Douglas-built second
stage is as tall as a 4-story building.

Nuclear Space Ship.
An unconventional
design by Douglas with
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the ring at the bottom.
On landing, it would
ease down, ring first.

Supply and Escape Vehicle. A
compact re-entry vehicle to supply
orbiting space stations or to return
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earth by rockets.
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Eleven ways to outwit the law of gravity

When the Space Age dawned,
Douglas was ready with specific pro-
posals for space equipment either
completed or in advanced stages of
development. (Some appear above.)

These Douglas proposals were
based on realistic estimates of the
capabilities of men and materials.
They are the valued dividends of the
company’s considerable experience,

gained from the design and produc-
tion of 30,000 missiles and rockets.
These include the Douglas Thor, an
IRBM which has been totally suc-
cessful in 869, of its tactical and
space firings over the past two years.

Today, Douglas looks ahead to
other exciting challenges from its
firm position of leadership in the
conquest of Space.
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He designs
antennas for
every purpose
except this one

He’s one of a staff of AMF engineers
which has been designing and pro-
ducing precision radar antennas and
components since early in ww II.
AMF’s accomplishments reflect the
team effort, enormous experience and
complete fabrication capability made
available for each project.

Here are highlights:

Fizxed base—AMF’s experience in de-
signing automatic machinery was
utilized in the 10,000-1b. AN/FPs-19,
the famous “Dew Line” antenna, de-
signed and built by AMF to operate
unfailingly under fantastic arctic
conditions.

Mobile—AMF designed and built
AN/TPQ-10 precision tracking antenna
that demounts into shock-resistant,
immersible components. AN/MPS-4
and 16 are AMF-designed trailer
and truck-mounted types.

Stabilized base—Design and fabrica-
tion of sx, AN/SPs-8B High Gain An-
tenna, AN/sPs-3 Dual Foster Scanner.

Precision pedestals, theodolites—
AMF’s Precision Instrument Mount
is controlled by optical digital discs
accurate to 0.05 milliradans. It tracks
missiles and satellites.

Rotary joints—A special AMF capa-
bility requiring utmost precision in
design. Example: multichannel joint
for AN/FPs-24 System.

Scanners, Feeds, Servos and Drives,
Multichannel Phase Shifters, Hydro-
static Bearings, Slip Rings, Program-
ming, Test, Control and Display sys-
tems are all part of AMF’s radar
capabilities. AMF also operates its
own test ranges.

For more information, write Ameri-
can Machine & Foundry Company,
Government Products Group, 261
Madison Avenue, New York 16, N.Y.

theory: its “nonlocal” character. The
London theory sought to relate the su-
percurrent at a speciﬁed point in a super-
conductor to the magnetic field at that
point. Bardeen and his colleagues have
taken into account the fact that the cur-
rent at any point depends on the field
throughout the body of the superconduc-
tor. In other words, superconductivity
is a long-range phenomenon, brought
about by interactions between electrons
over a fairly long distance—about 2,500
angstroms. This distance is called the
range of coherence.

In films with a thickness equal to or
less than the range of coherence, the
normal long-range interactions are dis-
torted. As might be expected, the pat-

terns of supercurrent and magnetic field
within such a film differ from the values
predicted by a local theory., Measure-
ments on thin superconducting films ac-
cordingly provide information on the
nature of the long-range interaction in
various materials.

Finally, we should mention some of
the problems involved in fabricating su-
perconducting films with a thickness
comparable to the wavelength of light.
In our laboratory these films are made
by evaporating the appropriate sub-
stances in a high vacuum and letting
them condense on plates of glass or oth-
er materials. (Lead and tin are normally
used as conductors because of their low
boiling points, and silicon monoxide as

LIQUID-HELIUM BATH required to cool cryotron circuits is contained in vertical cylinder
+ o » o « AMERICAN MACHINE & FOUNDRY COMPANY | (center). Rod on stool is used to hold sample (at right-hand end) in helium bath.
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FILM CRYOTRONS ARE MADE in the vacuum chamber shown in top picture. Various
stencils to be used in fabrication are stacked in cartridge at left in bottom picture. Drawers
are pulled out in proper sequence automatically, moving stencils in front of glass plate on
which films are formed. Master stencil at right in bottom picture is used for registry.
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an insulator.) The cryotron circuits
shown on the cover and on page 124
were built by evaporating vapors in suc-
cessive layers through stencils.

In principle it should be possible to
produce sandwiches of many layers that
would function as part or all of a com-
puting circuit. There are still a number
of practical difficulties to be overcome,
and these have stimulated considerable
activity in the fields of vacuum tech-
nology and thin-film physics.

For example, all vacuums at present
attainable contain some residual gas that
may react with freshly deposited metal
surfaces. Gaseous impurities trapped in
a thin superconducting film influence the
electronic configurations in the metal,
thereby interfering with long-range in-
teractions. Films thus contaminated
have properties different from those of
bulk materials. With the help of ad-
vanced experimental vacuum techniques
superconducting films have been manu-
factured in vacuums with pressures of
the order of a billionth of a millimeter.
These films behave like bulk specimens
of pure metal. Adding small amounts of
individual gases to the high vacuum
system has demonstrated that only a few
residual gases, principally oxygen, have
much effect on the characteristics of
thin-film cryotrons. It is possible to re-
move most of the oxygen from a mixture
of gases by chemical means and thus to
produce good cryotrons in ordinary com-
mercial vacuum systems.

Another stumbling block has led to
a better understanding of the way in
which thin films are formed. To perform
satisfactorily a cryotron gate must be
a very fine-grained film of uniform thick-
ness. Unfortunately the edges of a film
deposited through a stencil ordinarily
taper off quite gradually. Because the
critical field of a thin superconducting
film depends sensitively on its thickness,
the tapering edges are undesirable. By
adjusting the temperature of the base on
which the films are deposited, the mo-
bility of the atoms in the depositing film
can be controlled so as to produce round-
ed edges. Under these conditions, how-
ever, the material tends to condense in
very large grains. This difficulty in turn
is solved by coating the base with mono-
layers of material that serve to nucleate
the depositing film in a fine-grained
structure.

It is too early to predict what role
superconductivity will play in the de-
velopment of computer systems. But the
results so far, in addition to their funda-
mental interest, unquestionably justify
an intensive effort to develop supercon-
ducting computers.



"ALL THEY EVER SAID IT WAS — AND MORE”

This is the acclaim of experienced air travelers—who
have flown in the world’s most advanced jetliner, the 707
Astrojet. They’ve told us the Astrojet provides the most
comfortable, most dependable flights now available in
daily transcontinental service. And as rapidly as possi-
ble, American Airlines is extending this unique jet service
throughout the nation.

Powered by revolutionary new fan-jet engines, the

*Service mark of American Airlines, Inc.

Astrojet outperforms all other airliners. Once aboard,
you notice that the Astrojet takes off quickly, climbs
swiftly—you cruise confidently, quietly relaxed. Here is
extra jet power, assuring better on-time dependability,
even finer service to our passengers.

In Jet Age: Stage II, the Astrojet is just one more
dramatic reason why American Airlines is first choice of
experienced travelers,

AMERICAN AIRLINES

MERICAS LEADING AIRLINE
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Air-conditioned Termite Nests

Some African termites build nests that are brilliantly designed

to maintain the temperature and humidity within the nest while

permitting oxvgen to flow into it and carbon dioxide to flow out

r I Yermites live in critical dependence
on the temperature and humidity
of their immediate surroundings.

An entire colonv of the tree-dwelling
termite of Africa (Nasutitermes arbore-
us) will perish in half a day’s exposure
to dry air; single individuals die in five
hours. The few termite species that live
in temperate regions are active only dur-
ing the warm months of the year; in
winter the termites stay motionless in
their galleries unless the overheating of
a building thev inhabit encourages them
to renewed activitv. Not even in the
tropics, where most termite species live,
do these insects find high humidity and
warm temperatures in the day-after-dav
constancy that their existence requires.
Termites survive only because their elab-
orate social organization enables them
to build nests in which they establish
the microclimate suited to their needs.
They live their entire existence in the
closed environment of the nest and the
tunnels that connect it to sources of food
and water; only the reproductive forms
of termite venture forth to found new
colonies.

As air-conditioning engineers, termites
maintain the warmth and humidity of
their microclimates in various ways and
with varying degrees of success, subject
always to the satisfaction of a third and
equally compelling need: termites, like
other animals, must breathe. Their tis-
sues take in oxygen from the atmosphere
within the nest and give off carbon diox-
ide. The exchange of oxygen and carbon
dioxide between the interior of the nest
and the world outside must take place by
diffusion through the wall of the nest. A
thick wall that provides good insulation
does not permit good ventilation; what
is more, the nearly saturated air within
the nest causes the pores in thick walls
to fill with water, virtually cutting off
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by Martin Luscher

the movement of air. In general, tem-
perature control can be achieved only
at the expense of gas exchange and vice
versa. The way in which these conflict-
ing claims are compromised ultimately
determines the size of termite colonies
and limits the distribution of the various
termite species.

A few advanced mound-building ter-
mites native to Africa have managed to
obtain good ventilation through thick
walls. These insects are able to establish
their closely regulated microclimate in
most of the habitats offered by the large
continent of Africa and are the most
widespread of all tropical termites. Only
a few animals have achieved wider dis-
tribution; all of them (with the excep-
tion of the domesticated or parasitic ani-
mals that live with man) are social an-
imals. Man is one of them; he long
ago learned to clothe himself and heat
his dwellings. Recently he has acquired
more refined control over his microcli-
mate, learning to cool it and regulate its
humidity. Almost as ubiquitous as man
is the honeybee Apis mellifera and its
relatives. The honeybee makes its own
microclimate and holds the temperature
of the hive relatively constant in spite
of variations in the environment. For
the time being, at least, no termite spe-
cies can rival the honeybee in geographic
distribution.

[n 1953, with the help of Urs Rahm, I

conducted in the Ivory Coast of Af-
rica a study of the microclimates in the
nests of five termite species. We drilled
holes in the nests with a special hollow
borer that took gas samples the moment
we breached a cavity wall. At the same
locations we made measurements of the
temperature and humidity over extend-
ed periods. These observations and care-
ful study and dissection of the nest struc-

© 1961 SCIENTIFIC AMERICAN, INC

tures have given us a new appreciation
of the technology of air conditioning as
evolved by the termites long before man
first evolved.

The humidity inside the nest usually
ranged between 98 and 99 per cent; we
never found it below 96.2 per cent. Part
of the moisture that is so essential (ap-
parently termites dry out easily, either
because the outer layer of their waxy
cuticle is poorly developed or because
they constantly scrape it oft in their tun-
nels) results from the metabolic proc-
esses of the members of the colony. In
some nests additional moisture is fur-
nished by fungi, which the termites
cultivate in spherical combs of wood
particles, thus rendering the wood more
digestible for themselves. In addition,
some termites make tunnels to water out-
side the nest. Pierre-Paul Grassé and
Charles Noirot of the University of Paris
have found that certain desert termites
go as deep as 130 feet in the sandy soil
to reach water, which they somehow
carry back into the nest. With water
soaking the nest, evaporation keeps the
air close to the saturation point even
when the temperature rises.

Temperature does not yield easily to
such close regulation, and the tempera-
ture in the nests of most termite species
tends to vary with that of the atmos-
phere. Some species build thin-walled
nests in the open under the sun, where
the temperature rises and falls through-
out the day and night. Others construct
mounds only deep in the shade of
tropical forests, where the temperature
normally remains fairly uniform. The
mounds of a few species have walls
of moderate thickness; within such
mounds, and in those with thick walls,
the temperature stays constant and con-
siderably higher than the temperature
outside. The metabolic heat of the ter-



NEST OF THORACOTERMES, one of the five termite species for measuring temperature and humidity, installed by the author,
studied by the author in the Ivory Coast of Africa, is built like a are clearly visible after nest is cut open (right). Irregular compart-
column. It is always deep in the shade of the forest. Two devices ments make up the interior. This nest is nearly five feet tall.
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MICROCEROTERMES

TEMPERATURE (DEGREES CENTIGRADE)

NOON NOON NOON
MACROTERMES TIME (HOURS)

NESTS OF FIVE TERMITE SPECIES are drawn to scale in cross mound (black) over a period of two days. Temperature in mounds

section, The Macrotermes mound is 10 feet high. Curves at right of Macrotermes and Cephalotermes hardly varies; in Amitermes
show temperature inside each mound (color) and outside the nest it changes, after a delay, with the exterior temperature.
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mites supplies the extra warmth. Where
the termites cultivate fungi, the heat of
fermentation in the fungus combs sup-
plies still more warmth. It has been
found that tropical termites do best at
30 degrees centigrade (86 degrees Fahr-
enheit) ; the corresponding temperature
for Temperate Zone species is 26 degrees
C. (79 degrees F.). At lower tempera-
tures the growth and development of
individuals and colonies slows down and
eventually stops.

The third important variable in the
microclimate of the nest—the supply of
oxygen—not only varies inversely with
improvement in insulation but also is
limited by simple geometry. The larger
the nest and the population inside, the
smaller is the relative surface area avail-

able for eXChange of respiratory gases. CLOSE-UP OF INTERIOR of Thoracotermes nest shows details of structure and some

The occurr(?nce (.)t mounds more than soldier termites. Soft building material consists of humus mixed with saliva of termites.
three feet in height all over tropical

Africa is a measure of the ingenuity of
at least some species of termite.

The most primitive species we studied
in the Ivory Coast, Amitermes evuncifer
and Thoracotermes macrothorax, build
thin-walled nests containing irregular
cavities connected by narrow passages.
The relatively soft building material con-
sists of humus mixed with the saliva
of the worker termites. Amitermes is the
hardier of the two; it builds its more or
less soherical mounds both in the shade
and in the open. The nest we investi-
gated lay on a slope directly exposed to
t.ie sun. Thoracotermes always builds its
columnar nest in the shade of a forest.
The temperature in the nests of these
two species is only .1 to .5 degree C.
above that of the surrounding atmos-

phere, and it fluctuates, with a short NEST OF MICROCEROTERMES is arranged in horizontal compartments. The building
time lilg’ as the environmental tempera-  paerial is wood particles glued together with saliva and excrement to make a hard board.
ture changes. Moreover, the nest of Ami-
termes does not efficiently exchange
respiratory gases. The spherical shape
of the nest gives it a small surface-to-
volume ratio and, though the wall of
the nest is thin, the atmosphere inside
it contains a high concentration of car-
bon dioxide. The columnar mound of
Thoracotermes provides a larger surface
for gas exchange.

r]‘he species Microcerotermes edenta-

tus builds a small, spherical, thin-
walled nest in a tree. The nest consists
of wood particles glued together with
saliva and excrement to form a material
rather like hard cardboard. Neat hori-
zontal layers characterize the interior.
The queen occupies a special compart-
ment that is protected by being near ", : -
the center of the nest. The nest we in-  NEST OF CEPHALOTERMES is built of the same material as that of Microcerotermes.
Vestigated had a volume of Only four  Its interior also consists of compartments arranged in numerous horizontal layers.
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GIANT MOUND OF MACROTERMES is revealed in cross sections as a complex structure.
Rising from the cellar are pillars that support the foundation of the nest proper. Large com-
partment in nest, just to right of center, is occupied by the queen. Brood chambers and
fungus combs surround it. The hole visible in the back of the attic, above the nest, leads into
an exterior ridge of the mound wall. Air channels in such a ridge are seen at right. At top
is a partial horizontal cross section of the mound, made at the level of the queen cell.
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liters (a liter is approximately equal to
a quart) ; it was too small for us to obtain
a good gas sample. The temperature
within rises and falls with the outside
temperature but averages about 1.5 de-
grees above it. The thin walls and small
size of the nest should ensure excellent
ventilation.

Cephalotermes  rectangularis ~ con-
structs cone-shaped mounds that stand
on the forest floor, often leaning against
a tree. Like Microcerotermes, it manu-
factures a building material resembling
hard cardboard, but the wall of the nest
is two to three inches thick. Horizontal
layers fill the interior; the queen lives in
an enlarged compartment in the wall of
the nest. The combination of a shady lo-
cation and a thick wall keeps the inside
temperature warmer and more stable
than the surrounding air, but gas ex-
change is somewhat less efficient than
in the mound of Thoracotermes.

By far the most advanced of the spe-
cies we studied was Macrotermes nata-
lensis. Its enormous pinnacled mounds,
with curious ridges running like veins
down their outer walls, are familiar to
anyone who has traveled through
equatorial Africa. The mounds some-
times reach a height of 16 feet and can
have a diameter of 16 feet at the base.
Macrotermes builds its mounds in the
forest and in the open over much of
the continent. The architecture of the
mounds is far from uniform and can be
quite different in various parts of Africa.

In the Ivory Coast the mounds of
Macrotermes have walls 16 to 23 inches
thick. The termites bring up particles of
the African lateritic soil from below the
humus layer and mix it with their saliva
to make a hard cement. The nest proper
stands within the mound on a firm foun-
dation supported by pillars that rise from
the floor of the “cellar,” three feet below
ground level. Above the nest is another
hollow space—the “attic.” Horizontal
brood chambers surround the queen’s
cell in the center, and fungus combs
form a spherical layer around the brood
cells. Still another layer of small cells
separates the combs from the wall of the
mound.

The metabolism of the colony and of
the fungi warms the air inside the nest
and contributes moisture to its high hu-
midity. Water brought up from the soil
irrigates the interior of the nest and
brings the air to the saturation point.
The thick, dense wall of the mound se-
curely insulates the microclimate from
variations in the temperature and hu-
midity of the atmosphere outside. But
what about ventilation? Even in the dry



state the wall of the mound would be
an effective barrier to the diffusion of
air. The saturated air within the mound,
however, fills the pores of the wall with
water. Since the respiratory gases diffuse
10,000 times more slowly through water
than through air, ventilation would ap-
pear to be shut off completely. Yet the
mound of Macrotermes houses the larg-
est termite city of all.

,4\ medium-sized nest contains two
£ X million individuals that need at
least 240 liters of oxygen, or 1,200 liters
of air, a day. If the nest were hermetical-
ly sealed, the air in it would not last 12
hours. Nonetheless, our measurements
showed a carbon dioxide content of only
2.7 per cent in the center of the nest,
rather high compared with the other
species but remarkably low under the
circumstances. Study of the mound of
Macrotermes revealed the function of

EXPERIMENTAL EQUIPMENT attached to mound of Macro-

termes measures and records temperature and humidity at differ-

the ridges on the surface of the mound
and disclosed the simple but ingenious
mechanism that accomplishes the res-
piratory change.

Each ridge serves as a conduit carry-
ing half a dozen or more narrow channels
that link the air chambers in the cellar
and the attic [see illustration on next
page]. The mass of termites and the fungi
in the nest proper keep the interior of
the mound considerably warmer than the
outside, where the ridges are. Our meas-
urements of the temperature and analy-
ses of the gas concentrations in various
parts of the nest showed that convection
currents circulate the air from the nest
upward to the attic. There the air passes
into the narrow channels in the external
ridges and runs downward through the
ridges to the cellar. The air flowing in
the upper ends of the ridges contains
more carbon dioxide than the air flowing
in the lower ends, and a correspondingly

higher percentage of oxygen is found
in the lower ends of the ridges than in
the upper ends. By the time the air flows
into the cellar it carries a new supply of
oxygen. In good weather the ridges and
the narrow air-circulation channels in-
side them stay completely dry. Gases
diffuse easily across the ridge material
because the diffusion distance is short,
and the protrusion of the ridges from the
mound wall greatly enlarges the sur-
face available for gas exchange. The
ridges can therefore be considered the
lungs of the termite society.

When it rains, the ridges are soaked
and their respiratory efficiency is im-
paired. Most of the water runs down
between the ridges, however, and they
always dry quickly. We do not know
what happens when continuous rain
keeps the ridges wet for prolonged peri-
ods. The termites may move the narrow
channels in the ridges quite near the
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ent locations within the structure. The gas samples were taken
through a hollow borer used to drill the necessary holes in wall.
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AIR IS CIRCULATED (colored arrows) ingeniously in mound of

Macrotermes. This was shown by measurements of temperature
and carbon dioxide at the following locations: (a) in fungus combs
at bottom of nest proper, (b) in brood chambers, (c¢) in the attic,
(d) in upper part of a ridge channel, (e) in lower part of a ridge
channel and (f) in cellar. The locations are shown in the photo-
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graphs. Black figures in boxes are temperatures in degrees centi-
grade; colored figures give percentage of carbon dioxide at each
location. Curves at bottom of page show how temperature (black)
and carbon dioxide content (color) of air changes during circu-
lation. These changes take place due to diffusion of gases and
the radiation of heat through the thin, dry walls of the ridges.
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surface, thereby securing the necessary
gas exchange, or they may even perfo-
rate the surface. It seems that no one has
ever observed termite mounds closely
during heavy rains, probably because
most research workers, including the au-
thor, prefer to travel in Africa during the
dry season.

The ridges may also hold the explana-
tion of how Macrotermes keeps the
interior temperature of its mounds so re-
markably constant. It may be that colony
members are steadily at work in the
ridges, closing and opening the air-circu-
lation channels and so regulating the
flow of air through them. There would
be nothing extraordinary in this; al-
though the mound is an elaborate ar-
chitectural masterpiece, it is not the
finished, stable structure it seems to be
when we open it. In reality we can see
only a phase of a dynamic process, be-
cause the termites are always at work
pulling down some parts, rebuilding
others, enlarging the mound and remod-
eling every detail. The structure remains
the same from day to day only in princi-
ple. With termites working all the time
throughout the mound, some of them
are no doubt at work in the channels of
the ridges. They may close up some
channels when the nest begins to cool
and open new channels when the tem-
perature rises. Unfortunately it is not
possible to see exactly what is happen-
ing; invasion of the mound disturbs the
termites and radically modifies their be-
havior.

In view of the fact that termites tend
to be dried out by air currents, it was
puzzling to learn that air circulates con-
tinuously in the mound. It can be shown,
however, that the circulation is slow.
Since the oxygen concentration increases
about 10 per cent each time the air pass-
es through the ridge channels, simple
arithmetic indicates that the air must go
through the channels about 10 times in
24 hours to supply the 240 liters of oxy-
gen needed in a day. This circulation
produces an air speed of about two
millimeters per second in the ridges (ap-
proximately the speed of a moving snail )
and only .15 millimeter per second in
the nest cavities. Such an air speed is
considerably slower than that experi-
enced by a termite walking through still
air; hence it is unlikely that the “breeze”
disturbs the termites.

he feat of air conditioning has made

4 Macrotermes and some other species
remarkably independent of the outside
temperature and humidity. It is no won-
der, then, that Macrotermes has the wid-

est distribution of all African termites.
Such independence is achieved, how-
ever, only after the nest has reached a
certain size. New Macrotermes colonies
pass through a “solitary” phase in which
a king and queen go out alone to start
a brood. For some time the colony is so
small that it cannot build a nest large
enough to control the temperature.
Therefore new colonies must depend on

the tropical climate for heat, and this
probably explains why these termites
have not spread over North Africa
and Europe. If evolution ever permits
Macrotermes to form “worker swarms”
as bees do, or bud large, complete colo-
nies from the original mound as some
species of termite alreadv do, no cli-
matic barrier will be strong enough
to hold it back.

MACROTERMES WORKER, with “beaded” antennae, is seen in lower half of photograph
taking an egg from its queen. All the photographs were made by the author in Africa.
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AND BA K Northrop’s Q-Ball,

s
“"hot nose” for the X-15, provides flight angle data to the pilot
during the critical exit and entry phases of the history-making
flights to the edge of space. This permits him to correct his
angles of attack and sideslip to avoid the intense frictional
heat limits. Q-Ball was developed by the Nortronics Division of

Northrop under contract to the National NORTRONICS
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Aeronautics and Space Administration. NORTHROP
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the first visitor

from outer space

will probablyuse
a Nikon F

Like any other traveller, he will
want a complete picture record of
his terrestrial trip. His list of subjects
will be long and varied — babies,
beetles, bon-bons, H-bombs, tri-
cycles, cyclotrons, primates, prime
ministers—ad infinitum.

He will soon discover that no camera
is better equipped to cope with so
great a variety of picture problems
than the Nikon F automatic 35mm
reflex—and none that can match its
selection and quality of optics. He
will find that he can choose from 20
interchangeable Nikkor lenses rang-
ing from 21mm ultra wide-angle to
1000mmsupertelephoto—and obtain
any angle of view from 2°30/ to 92°.

He will also welcome the unique

versatility of the Nikon battery

motor drive with which he will be
able to operate the camera auto-
matically — in-hand or remotely —
manually, by radio control, inter-
valometer or other triggering device.
The motor will fire single exposures
or continuous exposure sequences at
any desired rate up to 4 per second.

If your picture requirements or
photo documentation needs demand
equipment versatility, infallible
camera performance and optical
quality, make it a point to investi-
gate the Nikon F automatic reflex at
any Franchised Nikon dealer. For
prices and details write Dept. SA7.

NIKON INCORPORATED, 111 5th Ave., N.Y. 3

makers of precision optical equipment for industry
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MATHEMATICAL GAMES

Some diverting mathematical board games,

and the answers to last month’s problems

by Martin Gardner

athematical board games such as
M ticktacktoe, checkers, chess and
go are contests between two
players that (1) must end after a finite
number of moves, (2) have no random
elements introduced by devices such as
dice and cards, (3) are played in such a
way that both players see all the moves.
If a game is of this type and each player
plays “rationally”—that is, according to
his best strategy—then the outcome is
predetermined. It will be either a draw
or a certain win for the player who makes
the first move or the player who makes
the second move. This month we shall
first consider two simple games for which
winning strategies are known, then a
popular board game for which a winning
strategy has just been discovered and a
class of board games not yet analyzed.
Many simple games in which pieces
are placed on or removed from a board
lend themselves to what is called a sym-
metry strategy. A classic example is the
game in which two players take turns
placing a domino anywhere on a rec-
tangular board. Each domino must be
put down flat, within the border of the
rectangle and without moving a previ-
ously placed piece. There are enough
dominoes to cover the board completely
when the pieces are packed side by side.
The player who puts down the last
domino wins. The game cannot end in a
draw, so if both sides play rationally,
who is sure to win? The answer is the
player who puts down the first domino.
His strategy is to place the first domino
exactly at the center of the board [see
illustration on this page] and thereafter
to match his opponent’s plays by playing
symmetrically opposite as shown. It is
obvious that whenever the second player
finds an open spot, there will always be
an open spot to pair with it.
The same strategy applies to any type
of flat piece that retains the same shape
when it is given a rotation of 180 de-
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grees. For example, the strategy will
work it the pieces are Greek crosses; it
will not work if they have the shape, say,
of the letter T. Will it work if cigars
are used as pieces? Yes, but because of
the difference in shape between the ends
the first cigar must be balanced upright
on its flat end! It is easy to invent new
games of this sort, in which pieces of
different shapes are alternately placed
on variously patterned boards according
to prescribed rules. In some cases a sym-
metry strategy provides a win for the
first or second player; in other cases no
such strategies are possible.

A different type of symmetry play
wins the following game. Any number of
coins are arranged in a circle on the
table, each coin touching two of its
neighbors. Players alternately remove
either one coin or two touching coins.
The player who takes the last coin wins.

A domino board game



Known to rout hawks a hundred times his size, the hummingbird
is a creature of courage. But when he takes this risk, it is with a
distinct advantage. His powers of flight are matched by none.

We admire his style. And we share the philosophy. Knowing that
our own capabilities are highly distinctive, we too believe that they
are a thing to be used with boldness. Two years ago, Fairchild
pioneered commercial production of diffused silicon Mesa tran-
sistors. They became the industry's most widely copied types. But
we developed direct replacements — silicon PLANAR transistors
(PLANAR diodes too were developed) — another step forward. Our
newly introduced PLANAR EPITAXIAL devices and MICROLOGIC
elements continue the progress.

We have many ambitious programs ahead. If you like our approach
and have a relevant background, we would like to hear from you.

IRGHILD

SEMICONDUCTOR

545 WHISMAN ROAD +«+ MOUNTAIN VIEW, CALIFORNIA
A Division of Fairchild Camera and Instrument Corporation

Photo from the book “"HUMMINGBIRDS" by C. H. Greenewalt; © American Museum of Natural History
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In this case it is the player who makes
the second move who can always win.
After the player who makes the first
move has taken away one or two coins,
the remaining coins form a curved chain
with two ends. If this chain contains an
odd number of coins, the player who
makes the second move takes the center
coin. If it contains an even number, he
takes the two center coins. In both cases
he leaves two separate chains of equal
length. From this point on, whatever his
opponent takes from one chain, he dupli-
cates the move by taking one or two
coins from the other chain.

Both this and the preceding strategy
are examples of what game theorists
sometimes call a pairing strategy: a
strategy in which the plays are arranged
(not necessarily in symmetrical fashion)
| in pairs. The optimal strategy consists of
playing one member of the pair when-
ever the opponent plays the other mem-
ber. A striking example of a pairing
strategy is provided by the topological
game of Bridg-it, placed on the market
last year and now a popular game with
children. The reader may remember that
Bridg-it was introduced by this depart-
ment in October, 1958, as “the game of
Gale”; it was devised by David Gale, a
mathematician at Brown University.

A Bridg-it board is shown in the illus-
tration at the bottom of this page. If it is
| plaved on paper, one player uses a black

pencil for drawing a straight line to con-
nect any pair of adjacent black spots,
horizontally or vertically but not diagon-
ally. The other player uses a red pencil
for similarly joining pairs of red spots.
Players take turns drawing lines. No
line can cross another. The winner is the
first player to form a connected path
joining the two opposite sides of the
board that are his color. (The commer-
cial Bridg-it board has raised spots and
small colored plastic bridges that are
placed between spots.) For many years
a proof has been known that there is a
winning strategy for the player who
makes the first move, but not until early
this year was an actual strategy discov-
ered.

It was Oliver Gross, a games expert in
the mathematics department of the Rand
Corporation, who cracked the game.
When I learned of his discovery, I wrote
immediately for details, expecting to
receive a long, involved analysis that
might prove too technical for this depart-
ment. To my astonishment the explana-
tion consisted of nothing more than the
diagram reproduced on page 152 and
the following two sentences: Make the
first play as indicated by the gray line
at lower left in the diagram. Thereafter
whenever your opponent’s play crosses
the end of a dotted line, play by cross-
ing the other end of the same line. This
ingenious pairing strategy guarantees a
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A finished game of Bridg-it. Red has won
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Goodrich-High Voltage
Astronautics, Inc.

A dynamic leader in unique areas of
space technology offers professional
opportunities through its continued
growth.

PHYSICISTS and
ENGINEERS

Are needed at all levels with analyti-
cal or experimental training or experi-
ence in the following areas:

Advanced Electrostatic
Technology

Power Conversion
Solid State Devices
Thermionics

For a confidential discussion of these
positions, please write:

Mr. Gordon S. Hamilton, Jr.

Personnel Director

Goodrich-High Voltage Astronautics, Inc.
P. 0. Box 98, Burlington, Mass.

GHVA is a jointly owned subsidiary
of B. F. Goodrich Company and High
Voltage Engineering Corp. of Bur-
lington, Mass.

All qualified applicants will receive
consideration for employment with-
out regard to race, creed, color or
national origin.

RESEARCH
SCIENTIST

THIN FILMS

Challenging position for a highly
qualified individual with an ad-
vanced degree, preferably Ph.D.,
with a strong background in solid
state metallurgy or physics.

In applying for this position,
you should be capable of attaining
a national authoritative reputation
in the metal thin films field. You
will be responsible for basic and
applied research, setting up and
operating experimental facilities,
supervising programs and analyz-
ing and reporting results in a clear,
concise manner.

Position is immediately available
with a large, nationally recognized
company in the New York metro-
politan area where considerable
progress has already been made in
this exciting new area.

Working conditions and em-
ployee benefits offered are excel-
lent. Salary will be commensurate
with your ability and past accom-
plishments.

All qualified applicants will re-
ceive consideration for employment
without regard to race, creed, color
or national origin.

Send complete résumé, including
salary requirements, in confidence,
to: Mr. A. J. Donnelly, P.0. Box 1904.
Grand Central Station, New York 17.
N. Y.

win for the first player, though not neces-
sarily in the fewest moves. Gross de-
scribes his strategy as “democratic” in
the sense that “it plays stupidly against
a stupid opponent, shrewdly against a
shrewd one, but wins regardless.” This
is not the only pairing strategy that
Gross discovered, but he picked this one
because of its regularity and the ease
with which it can be extended to a
Bridg-it board of any size.

Note that in the diagram no plays are
indicated along the edges of the board.
Such plays are allowed by the rules of
Bridg-it (in fact, plays of this type are
shown on the cover of the box), but there
is no point in making such a move,
because it can contribute nothing to win-
ning the game. If in the course of play-
ing the winning strategy your opponent
throws away a play by making an edge
move, you can counter with an edge
move of your own. Or, if you prefer, you
can play anywhere on the board. If at
some point later in the game this random
move is demanded by the strategy, you
simply play somewhere else. Having an
extra play on the board is sometimes
an asset, never a liability. Of course, now
that a winning strategy for the first
player is known, Bridg-it ceases to be
of interest except to players who have
not yet heard the news.

Many board games with relatively

simple rules have defied all attempts at
mathematical analysis. An example is
provided by the family of games that de-
rives from halma, a game widely played
in England late in the 19th century. “The
normal English way,” wrote George Ber-
nard Shaw in 1898, is “to sit in separate
families in separate rooms in separate
houses, each person silently occupied
with a book, a paper, or a game of
halma....” (This quotation is given in
The New Complete Hoyle, by Albert H.
Morehead, Richard L. Frey and Geof-
frey Mott-Smith.)

The original halma (the name is a
Greek word for “leap”) was played on a
checkerboard with 16 squares to a side,
but the basic mode of play was soon ex-
tended to other boards of varying size
and shape. The game known today as
Chinese checkers is one of the many
later varieties of halma. I shall explain
here only a simplified version, which
can be played on the familiar eight-by-
eight checkerboard and which leads to
an entertaining solitaire puzzle that is
still unsolved.

The game begins with the checkers in
the standard starting position for a
checker game. Moves are the same as in
checkers, with these exceptions:

1. No jumped pieces are removed.

2. A checker may jump men of either
color.
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Oliver Gross’s pairing strategy for winning at Bridg-it
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Careers in a New Era of Space Technology Leadership

OGO+ ADVENT .+« ATLAS

Programs. Research, development, design, and con-
struction of three Orbiting Geophysical Observatories
for NASA. Systems engineering support and technical
consulting services for the Army Advent program.
Systems engineering and technical direction of the
Atlas, Titan, and Minuteman weapon systems for the
Air Force. Original and applied research in a broad
spectrum of disciplines: particle physics, solid state
theory, guidance, space physics, communication the-
ory, propulsion and power, and electromagnetic sys-
tems in the infrared, ultraviolet and microwaveregions.

Today Space Technology Laboratories, Inc.,is engaged in a program of diversification and planned growth.

TITAN-MINUTEMAN

Facilities. Presently under construction on a 110-acre
site at Redondo Beach, near Los Angeles International
Airport, is the STL Space Technology Center com-
prising ten buildings specially designed for research
and development in missile and space systems, for the
{abrication and environmental test of subsystems and
components, and for the production of scientific and
technical devices derived from STL’s sustained
research program. These new facilities will be aug-
mented by the STL research and fabrication installa-
tion at Canoga Park, California.

Immediate Opportunities at STL exist for qualified engineers and scientists at all levels of experience, in the
following activities:

BALLISTIC MISSILE PROGRAM MANAGEMENT (Los Angeles, Vandenberg AFB, Norton AFB—San Bernar-
dino). Responsible for systems engineering and technical direction for the Air Force ICBM Weapon Systems
Programs —Atlas, Titan, and Minuteman —including achievement of all technical objectives of these programs.
MECHANICS DIVISION (Los Angeles). Responsibilities of the Propulsion, Engineering Mechanics, and Aero-
sciences Laboratories within this division include: analyzing and evaluating performance of rocket engines,
propellants and propulsion subsystems and components; conception, design, development, and evaluation of
ballistic missile and space vehicle systems; development and implementation of structural, dynamic, aerody-
namic, and re-entry vehicle research and development concepts for both ballistic missile and space vehicle
programs; and development of new subsystems for missile and spacecraft applications.

SYSTEMS RESEARCH AND ANALYSIS DIVISION (Los Angeles). Systems Research Laboratory activities
include: management of complete space and missile systems studies including initial design; operations analy-
sis; preliminary design in such areas as structures and aeromechanical and electromechanical systems; trajec-
tory and error analysis; space navigation; and communication systems. Computation and Data Reduction Center
performs the following functions: numerical analysis; applied mathematics; statistical analysis; scientific pro-
gramming; computational systems programming; data processing analysis; and test evaluation programming
and analysis.

ELECTRONICS DIVISION (Los Angeles). The Communication, Electromechanical, Guidance, and Space
Physics Laboratories of this division are responsible for analysis, design, and development of advanced guidance,
control, and communications systems for ballistic missiles and space vehicles—from applied research to elec-
tronic product and ground support equipment design. Disciplines include the physical, electronic, and electro-
mechanical aspects of guidance, tracking, control, communication, and computer systems, geophysics, and space
physics.

RESEARCH LABORATORY (Los Angeles and Canoga Park, California). Fields of interest include: physical
studies of gaseous electronics, artificial meteors, reactor kinetics, microwave electronics; studies of quantum
chemistry, thin film applications, electron and ion dynamics, and theoretical physics; heavy particle studies;
ion propulsion research including neutralization and beam diagnostics, emitters, acceleration and ion optics, and
engine design.

FABRICATION, INTEGRATION & TEST DIVISION (Los Angeles). Incorporates the areas of mechanical and
electronic fabrication and assembly, environmental test, mechanical and electrical integration of spacecraft, inte-
grated subsystems and systems checkout, and launch operations.

ELECTROMAGNETIC SYSTEMS DIVISION (Canoga Park, California). The Radio Physics and Signal Equip-
ment Laboratories of this division are engaged in developing advanced communication, radio direction finding,
electro-optical, and penetration and reconnaissance systems; and in investigating advanced signal processing,
electronic and anti-submarine warfare techniques.

FLIGHT TEST OPERATIONS (Cape Canaveral). Responsible for directing systems test programs and for
supplying technical leadership to contractors conducting flight testing of ballistic missiles, space programs, and
vehicles modified for special development purposes.

Resumes and Inquiries from engineers and scientists, at all levels of experience, will receive prompt and
careful attention. All qualified applicants, regardless of race, creed, color or national origin, are invited to
communicate with Dr. R. C. Potter, Manager of Professional Placement and Development, for opportunities
in Southern California or at Cape Canaveral.

SHARE IN THE GROWTH OF SPACE TECHNOLOGY LEADERSHIP

SPACE TECHNOLOGY LABORATORIES, INC P.O. BOX 95005V, LOS ANGELES 45, CALIFORNIA

a subsidiary of Thompson Ramo Wooldridge Inc.

P.O. BOX 4277V, PATRICK AFB, FLORIDA

Los Angeles « Vandenberg AFB « Canoga Park » Norton AFB, San Bernardino J Dayton « Cape Canaveral - Washington D.C. « Boston « Huntsville
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3. Backward moves and jumps are per-
mitted.

A chain of unbroken jumps may be
made over men of both colors, but one
is not allowed to combine jumps with a
nonjump move. The object of the game
for each player is to occupy his oppo-
nent’s starting position. The first to do
so is the winner. A player also wins if
the game reaches a situation in which his
opponent is unable to move.

Some notion of how difficult it is to
analyze games of the halma type can be
had by working on the following puz-
zle, first called to my attention by Oc-
tave Levenspiel. Arrange 12 checkers in
the usual starting positions on the black
squares of the first three rows of checker-
board. The rest of the board is empty. In
how few halma plays can you transport
these men to the three rows on the op-
posite side of the board? A “play” is de-
fined as either a diagonal checker move,
forward or back, to a neighboring black
square; or a jump Over one or more men.
An unbroken jump may include forward
and backward leaps and is counted as a
single play. As in halma, it is not com-
pulsory to jump when jumps are avail-
able, and a series of unbroken jumps may
be terminated wherever desired even
though more jumps are possible.

Although this problem is familiar to
many puzzlists throughout the world, it
has not to my knowledge ever received
a final answer. May I call on readers of
this department for help? If the reader
will send me the shortest solution he
can obtain, I shall discuss in the October
issue the best solutions received. It will
not be possible to acknowledge these let-
ters, but I shall appreciate getting them,
and it will be instructive to see how short
a record can be achieved. The problem
is quite easy to solve in 30 moves, so
there is no point in writing unless you do
better than that. For convenience in re-
cording a solution, number the black
squares, left to right and top to bottom,
from 1 to 32.

[Iere are the solutions to the short
problems given last month:

1.

The dime and penny puzzle can be
solved in four moves as follows. Coins
are numbered from left to right.

1. Move 3,4 to the right of 5 but
separated from 5 by a gap equal to the
width of two coins.

2. Move 1,2 to the right of 3,4, with
coins 4 and 1 touching.

3. Move 4,1 to the gap between 5
and 3.

© 1961 SCIENTIFIC AMERICAN, INC

4. Move 5,4 to the gap between 3
and 2.

2.

Three slices of bread—A, B, C,—can
be toasted and buttered on the old-
fashioned toaster in two minutes. The
illustration on this page shows the way
to do it.

3.

The illustration at the top of page 156
shows how the 6-by-10 rectangle, formed
with the 12 pentominoes, can be cut into
two parts and the parts refitted to make
the 7-by-9 rectangle with three interior
holes. The illustration at the bottom of
page 156 shows the only two possible
patterns for the 6-by-10 rectangle in
which all 12 pieces touch the border.
The first of these patterns is also remark-
able in that it can be divided (like the
rectangle in the preceding pentomino
problem) into two congruent halves.

4

.

A man goes up a mountain one day,
down it another day. Is there a spot
along the path that he occupies at the
same time of day on both trips? This
problem was called to my attention by
psychologist Ray Hyman of the General
Electric Company, who in turn found it
in a monograph entitled “On Problem-
Solving,” by the German Gestalt psy-
chologist Karl Duncker. Duncker writes
of being unable to solve it and of ob-
serving with satisfaction that others to
whom he put the problem had the same
difficulty. There are several ways to go
about it, he continues, “but probably
none is...more drastically evident than
the following. Let ascent and descent be
divided between two persons on the
same day. They must meet. Ergo....
With this, from an unclear dim condition
not easily surveyable, the situation has
suddenly been brought into full day-
light.”

5.

A. If OODDF is the square root of
WONDERFUL, what number does it
represent? O cannot be greater than 2
because this would give a square of 10
digits. It cannot be 1 because there is
no way that a number, beginning with
11, can have a square in which the sec-
ond digit is 1. Therefore O must be 2.

F, the last digit in the square root,
cannot be 1, 5 or 6 because in each case
this would make the same digit the final
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OPERATIONS EVALUATION GROUP

Venturing Beyond
the Conﬁnes
of Your Discipline

The ultimate argument of the diplomat is
still the threat of force; the conduct of war
is still the business of the soldier and sailor,
But in this era of sensitive political situa-
tions and nuclear peril, the immense com-
plexities of armed combat have placed a
few scientists in positions of uncommon
responsibility.

Imaginative scientists and mathemati-
cians with advanced degrees are invited to
share in this uncommon responsibility with
the staff of the Operations Evaluation
Group of the Massachusetts Institute of
Technology. Specifically you will provide
the Chief of Naval Operations and Fleet
commanders with an analytical basis for
decision making on matters of tactics,
strategy, composition of forces, employ-
ment of weapons and equipment, and
research and development needs.

The appointments are permanent and
well remunerated, and the peripheral bene=
fits are indeed worth exploring.

Positions available in Cambridge.
Direct your inquiry to:
Dr. Jacinto Steinhardt, Director.

\ MLI T,

7. i OPERATIONS EVALUATION GROUP
1 Washington 25, D. C.

v )(\, 292 Main St., Cambridge 42, Mass.

(v 4 Al i will receive i ion for employ
- without regard to race, creed, color or national origin.
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A NEW
PERSPECTIVE

A position on the staff of the newly formed Ap-
plied Research Section at Convair/Fort Worth
offers opportunity rarely found for physicists and
engineers at the doctorate level. Active and ma-
ture programs in electronics, space mechanics,
thermodynamics, and nuclear science are in
progress. Research programs in the fields of as-
tro physics, ultra high pressure physics, relativ-
ity, gravitation, physics of materials, and geo-
physics are in the formative stages of planning
and activation.

As a research scientist or engineer at Convair/
Fort Worth you hold a position that promises to
be exciting and challenging. In addition, you will
discover that Fort Worth is at once part of the
Fort Worth-Dallas area that is now the nation’s
6th market—2nd in aircraft—and a friendly
community with countless educational, cultural,
and recreational facilities. The climate is mild
year ’'round, cost of living is below the national
average, and adequate housing is available in all
price ranges.

If you are interested in future stability and can
qualify, a position within this section offers un-
limited potential. For further information, for-
ward your personal resume to Dr. E. L. Secrest,
Chief of Applied Research, Convair/Fort Worth,
P. O. Box 748 S, Fort Worth, Texas.

All qualified applicants will receive consideration
for employment without regard to race, creed, color
or national origin.

CONVAIR/FORT WORTH

CONVAIR DIVISION OF

GENERAL DYNAMICS
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A 6-by-10 rectangle made up of pentominoes is refitted into a 7-by-9 one with three holes

digit of WONDERFUL. With this in
mind, we find that there are 30 different
possible combinations of digits for
OODDF': 22334, 22337 and so on.

We can eliminate more than half of
these by using a dodge based on the con-
cept of the digital root. The sum of the
nine digits of WONDERFUL (we were
told zero was excluded) is 45, and this in
turn sums to 9, the digital root of the
original number. The square root of
WONDERFUL must have a digital root
that, when squared, gives a number with
a digital root of 9. The only digital roots
meeting this requirement are 3, 6 and 9;
therefore OODDF must have a digital
root of 3, 6 or 9. This eliminates all but
11 possibilities, of which only 22887
has a square (523814769) that fits the
code word WONDERFUL.

B. The timesaving insight in this prob-
lem is the realization that if the nine
digits are placed on a 3-by-3 matrix to
form a rookwise connected chain from
1 to 9, the odd digits must occupy the
central and four corner cells. This is
easily seen by coloring the nine cells like
a checkerboard, the center cell black.
Since there is one more black cell than
white, the path must begin and end on
black cells, and all even digits will fall
on white cells.

There are 24 different ways in which
the four even digits can be arranged on
the white cells. Eight of these, in which
2 is opposite 4, can be eliminated im-
mediately because they do not permit a
complete path of digits in serial order.
The remaining 16 patterns can be quick-

)
—

ly checked, keeping in mind that the sum
of the two upper digits on the left must
be less than 10 and the sum of the two
upper digits on the right must be more
than 10. The second assertion holds be-
cause the two upper digits in the middle
are even and odd, yet their sum is an
even digit. This could happen only if 1
is carried over from the sum of the right
column. The only way to form the path
so that the bottom row of the square
is the sum of the first and second rows
is shown on page 158.

0.

Immanuel Kant calculated the exact
time of his arrival home as follows. He
had wound his clock before leaving, so
a glance at its face told him the amount
of time that had elapsed during his ab-
sence. From this he subtracted the
length of time spent with Schmidt (hav-
ing checked Schmidt’s hallway clock
when he arrived and again when he
left). This gave him the total time spent
in walking. Since he returned along the
same route, at the same speed, he halved
the total walking time to obtain the
length of time it took him to walk home.
This added to the time of his departure
from Schmidt’s house gave him the time
of his arrival home.

7.

The young lady is older than 20,
younger than 30. Her most likely age is
29, the next most likely is 28 and so on

L

All the pentominoes in these 6-by-10 rectangles touch the border of the rectangle
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A new facility, a new scientific community,
and new and ambitious scientific goals—this
is the Sperry Rand Research Center. Here
academic curiosity, scientific objectivity and
true interdisciplinary exchange will combine
to fill broad and varied basic research needs
of the many divisions of Sperry Rand Cor-
poration in the following areas: Materials
Sciences including solids, mechanics, mag-
netics, and physical chemistry; Radiation
Sciences including microwave physics, plas-
mas, infrared, optics, energy conversion, and
communications; Applied Mathematics and
Theoretical Physics; Earth and Life Sciences.

an important
word

at the new

Our immediate needs
for top scientific
talent are in the
areas of:

Magnetics

Resonance Physics
Semiconductor Physics
Fluid and Solid Mechanics
Infrared and Optics

if you are interested in
fundamental research

in any of the above fields,
direct your communication
in confidence to:
Frederick M. Swope, Jr.,
Sperry Rand

Research Center,

North Road,

Sudbury, Massachusetts

SPERRY RAND RESEARCH CENTER

SUDBURY, MASSACHUSETTS
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PHYSICISTS

for advanced studies of high-perform-
ance electrical propulsion systems...

Great interest has been aroused by our unusual oscillating-electron ion
engine which produces a high-velocity, electrically-neutral plasma beam.
Since this electrically-neutral stream eliminates the space-charge effect,
there is no theoretical limit to the thrust capability of the device. . Past
successes and current progress with this device, (and in other areas of
plasma research) now require a material expansion in this entire effort. As
a result, a number of very attractive Senior Positions are being created for
electrical propulsion specialists — particularly physicists with advanced
degrees and experience. . These positions should have particular appeal
to those interested in studies of high-energy plasma sources, diagnostic
techniques and other basic investigations that will lead to practical space
propulsion devices. Included are both theoretical and experimental investi-
gations of factors that determine plasma potentials, ionization and power
efficiencies. . This program is of the long-range sustained type with both
corporate and government sponsorship. Superior facilities and assistance
are available for numerical computation and experimental work. Publi-
cation of papers is encouraged as is close contact with related university
research. . Salary levels, benefits and the semi-academic approach will
appeal to experienced men with demonstrated abilities.

You are invited to contact Mr.W. H.Walsh, Personnel Department

RESEARCH LABORATORIES
UNITED AIRCRAFT CORPORATION

400 Main Street, East Hartford 8, Conn.
All qualified applicants will receive consideration for employment without regard
to race, creed, color or national origin,
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Solution to the chain-of-digits problem

down to 21, the least likely. If the
mathematician wishes to guess her age in
as few yes or no questions as possible,
his best first question is “Are you 29?7 If
she says no, he adopts the usual strategy
of binary division on the remaining eight
ages, obtaining the answer in three more
questions.

Seth Zimmerman of Dartmouth Col-
lege gives the general solution in his
article “An Optimal Search Procedure,”
in The American Mathematical Month-
ly for October, 1959. Only the proce-
dure, not the proof, will be given here.

The first step is to list the possible ele-
ments (in this case nine different ages)
from left to right in increasing order of
probability. (If two or more elements
have the same probability they are
placed side by side in any order.)

21, 22, 23, 24

, 24, 25, 26, 27, 28, 29

The elements are grouped by pairs,
beginning at the left:

(21, 22) (23, 24) (25
(29)

These parenthetically enclosed sets
are now treated as five single elements
and once more grouped into pairs, begin-
ning at the left:

[ (21,22) (23,24)]
[ (25, 26) (27,28) ]
[ (29)]

The three bracketed sets are handled
the same way, making two final ele-
ments:

The best strategy for minimizing the
number of questions is to take these di-



How Nickel gets music out of solid rock

Deep in the Caverns of Luray in Vir-
ginia is one of the world’s musical mar-
vels—the famed “Stalacpipe” organ—a
unique instrument that gets rare tonal
beauty from age-old stalactites.

To get music out of solid rock, the sta-
lactites have threaded metal rods bolted
through them—close to small, wire-
wound magnets. When an electronically-
controlled hammer strikes a stalactite,
the combination of rod and magnet
becomes a tone generator whose im-
pulses pass out through an amplifier.

Imagine the dampness of the Caverns
. . . the rust-producing environment. . .
and what could soon happen to these
musical rods bolted through the rock.
Here is where a metal has to really
prove itself.

Nickel means trouble-free perform-
ance. To prevent excessive rust and
resulting expansion that could easily
crack or snap off the stalactites, a
special electrical steel—a steel with
Nickel in it—was chosen. This high

nickel alloy steel —47-50% Nickel —
stands up to the eternal dampness of
this underground concert hall . . . and
provides the exact combination of mag-
netic properties needed for low power
requirements and full high fidelity.

Don’t overlook Nickel even if you're
not thinking of building an underground
organ anytime soon. Alone or with other
elements Nickel improves hundreds of
alloys . . . makes possible almost any
combination of properties for fabricat-
ing or service demands.

Whatever your metal problem—high
or low temperatures, corrosion, stress,
or an unusual combination of factors —
consider the advantages of Nickel. For
more information, just write us.

THE INTERNATIONAL NICKEL COMPANY, INC.

Big tone from little Nickel alloy rods. Pen
shows the size of Allegheny Ludlum Steel
Corporation’s AL-4750 nickel alloy special
steel rods bolted through ancient stalac-
tites. The rods vibrate with the rock after
being struck by rubber-tipped hammers.

INCO NICKEL

NICKEL MAKES ALLOYS PERFORM BETTER LONGER
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What’s News in Rubber...
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Tires of Enjay Butyl smooth the hounce out of bumps!

Unlike ordinary rubber (red ball),
which makes a tire that bounces high
when it hits bumps, Enjay Butyl (blue
ball) absorbs shock with very little
bounce—for a smoother, quieter ride.

In addition to unique dynamic per-
formance, this copolymer of isobutyl-
ene and isoprene has many other

useful properties: low permeability
to gases, excellent resistancetoozone,
weathering, heat, chemicals, tear and
abrasion; and outstanding electrical
characteristics.

Enjay now offers a family of Butyl
rubbers, including new Butyl Latex
and Butyl HT, which is halogenated

for high heat resistance and faster
cures.

In rubber, plastics, chemicals and
petroleum additives, Enjay is con-
tinually bringing you advanced new
products. For full details, write to
Enjay, 15 West 51st Street, New
York 19, New York.

EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY

ENJAY CHEMICAL COMPANY

ENJAY

A DIVISION OF HUMBLE OIL & REFINING COMPANY
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visions in reverse order. The first ques-
tion, therefore, is whether or not the girl
is 29. If not, three more guesses are re-
quired. In the case of nine elements, it
does not matter how the eight are divid-
ed for the last three questions provided
that they are halved at each division, be-
cause the optimal strategy provides no
way of pinpointing the correct age in
less than three more questions.

S.

In the chess problem white can avoid
checkmating black only by moving his
rook four squares to the west. This
checks the black king, but black is now

P
A

free to capture the checking bishop with
his rook.

9.

The seven fundamentally different
varieties of hexahedron (six-sided poly-
hedron) are shown in the illustration
on this page. I know of no simple way
to prove that seven is the maximum num-
ber. For those who are interested, there
are 34 varieties of seven-sided poly-
hedron and 257 varieties of eight-sided

polyhedron. Beyond this, the problem |

of determining the number of varieties
of an n-sided solid becomes enormously
difficult.

4

The seven varieties of hexahedron
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What’s News at

Dynamic Growth at Enjay
keeps pace with
chemical progress

GROWTH : Production of chemicalsfrom
oil is growing at a rate 3 times faster
than the chemical industry as a
whole. Enjay has been among the
leaders contributing to this fast-
paced petrochemical average!

SALES: Last year Enjay sales were
higher than ever before — up more
than 12% over 1959. This outstand-
ing performance places Enjay
among the top ten chemical com-
panies in the country.

NEW PRODUCTS: Two new rubbers,
Enjay Butyl HT 10-66 (chlorobutyl)
and Butyl Latex, have just been an-
nounced. BUTON resins, another
result of Enjay research, are being
used for paints, can coatings and
electronic components.

NEW CAPACITY: The first of 3 new
Butyl expansion projects, needed to
supply this growing market, was
put in operation in 1960. When all
are completed, Enjay Butyl facilities
will be increased by 33%.

CONTINUING EXPANSION: Enjay
planned expansion program in aro-
matic hydrocarbons, for example,
will reach 79 million gal/yr of ben-
zene by 1962; 55 million gal/yr of
toluene; and 105 million lbs/yr of
paraxylene.

If you use rubber, resins, plastics, chemi-
cals or petroleum additives, Enjay offers
you dependable supply and a growing
number of new and improved products
— backed up by outstanding technical
service. Let us prove it.

ENJAY CHEMICAL COMPANY

| A DIVISION OF HUMBLE OIL & REFINING COMPANY
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7 THE AMATEUR SCIENTIST

An amateur uses paper chromatography

Conducted by C. L. Stong

chemistry course in high school

and chemistry sets are easy to ob-
tain, few serious amateurs think of tak-
ing up analytical chemistry. Interesting
experiments in this field seem to require
too much study, too much equipment
and too much mess. Curiously, one of the
most advanced analytical techniques—
paper chromatography—is well within
reach of the amateur. With modest ef-
fort and expense the amateur can use pa-
per chromatography to perform many
diverting and meaningful analyses.

To demonstrate the power and sim-
plicity of paper chromatography, cut
a strip about an inch wide and four
inches long from the clean margin of a
newspaper. Place a dot of blue-black ink
in the center of the strip about half an
inch from one end and saspend the pa-
per so that the edge of the inked end
barely dips into a small container of wa-
ter. Capillary attraction will draw wa-
ter into the fibers of the paper and wash
the ink up the strip. Bands of color will
soon appear behind the migrating boun-
dary of the water: red, yellow and green,
perhaps, depending on the dyes in the
ink. By the time the water reaches the
top of the paper the colors will have been
concentrated along the strip in the form
of irregular but distinct bands. If the
strip is examined under an ultraviolet
lamp, fluorescent bands may also be
seen. The separation of these dyes by the
traditional methods of analytical chem-
istry would be a formidable undertaking
for the average amateur, particularly if
the sample weighed only a few micro-
grams, as it did in this case.

Because of its effectiveness and its
economy of material and labor, paper
chromatography has within the past 15
years come into wide use for the separa-
tion of organic substances such as amino

ﬁlthough almost everyone has taken a
L
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to separate the constituents of mixtures

acids. It is also useful, as the simple
experiment with ink indicates, for the
separation of inorganic substances. The
technique was first described in 1944 by
the British investigators Raphael Cons-
den, A. H. Gordon and A. J. P. Martin,
who had been using a glass column filled
with silica gel to separate amino acids. In
looking for an improvement on this
chromatographic technique the British
experimenters hit on the idea of substi-
tuting paper for the column of silica
gel and, by a stroke of luck, made the
first experiment with Whatman No. 1
filter paper. The amino acids promptly
separated into distinct bands. Few pa-
pers have since been discovered that
work as well.

The original paper chromatogram was
made by the so-called descending meth-
od. A small spot of the mixture to be
analyzed was applied near one edge of
the sheet. This edge was placed in a
trough of solvent and held in place by a
weight; the rest of the sheet was draped
over a horizontal rod as shown in the
illustration on the opposite page. After
being taken up from the trough, the sol-
vent migrated down the sheet. To pre-
vent evaporation from the paper, Cons-
den, Gordon and Martin enclosed the
apparatus in a length of drainpipe. The
bottom of the pipe rested in a pan of sol-
vent, which saturated the atmosphere
surrounding the paper. The top of the
pipe was covered with a sheet of glass.
The experimenters found that their sol-
vent migrated down the paper at the rate
of about one inch per hour.

Subsequent investigation showed that
the process could be speeded up sub-
stantially by making the solvent migrate
up the paper instead of down. This is
known as the ascending technique. The
solvent normally rises between three and
30 inches per hour, depending on the
temperature and the properties of
the solvent. The ascending technique is
widely used for analyzing substances
that separate readily on strips not more
than 12 inches in length. The most dif-
ficult separations are made by the de-
scending technique on strips up to four
feet long. A typical amateur setup for

© 1961 SCIENTIFIC AMERICAN, INC

the ascending technique is shown in the
illustration on page 164.

Other variations include the “ellipti-
cal” technique, which calls for a disk of
filter paper in which a V-shaped cut is
made; the top of the V is at the center
of the disk and the bottom is near the
edge. The bottom of the V is bent down
so that it can be dipped into a shallow
container of solvent. A dot of the sample
to be analyzed is applied to the bend in
the paper at the top of the V. The disk is
then placed as a lid on the container of
solvent and is covered by another con-
tainer to enclose the paper in a saturated
atmosphere. Solvent drawn into the bot-
tom of the V migrates through the disk
radially and bands form as a series of el-
lipses. The separations are considerably
more distinct than those of the strip
methods, as is suggested in the illustra-
tion on page 166.

Still sharper bands are produced by
another variation known as the circular
technique. Again a disk of paper is used,
but here the paper is sandwiched be-
tween two sheets of quarter-inch plate
glass. A spot of the mixture to be ana-
lyzed is applied to the center of the pa-
per. After the sample has dried, the
paper is placed flat on the bottom sheet
of glass. The covering glass has a small
hole in the center; the hole is centered
over the specimen. (For a method of
drilling glass see “The Amateur Scien-
tist” for April, 1956.) Solvent is then
applied through the hole to the sample
by a pipette, as illustrated on page 168.
A convenient stand for supporting the
pipette can be made by twisting the
ends of three wires around a metal rod
the diameter of the pipette, soldering the
twisted portion lightly and spreading
the wires to form legs.

The list of substances that can be ana-
lyzed by paper chromatography is
steadily growing, as is the list of solvents.
Some of both are described by David
Plaut, a student at Goshen College in
Goshen, Ind. “The experiments I have
made,” he writes, “require six test tubes
of 20-millileter capacity with rubber
stoppers, a one-milliliter pipette gradu-
ated in units of .01 milliliter, a roll of



Whatman No. 1 chromatographic pa-
per half an inch wide, a pair of rubber
gloves, tweezers, a 250-milliliter flask
and a micropipette.

“The micropipette can be made from
a four-inch length of glass tubing with
an inside diameter of about two milli-
meters. Heat the middle of the tube in
a gas flame until it softens, then quick-
ly draw the ends apart. Make a shallow
nick in the glass at the closed end with
a fine file and break oft the tip so that
the opening is as narrow as possible.
Fire-polish the broken end by returning
it to the flame for a moment, but be care-
ful not to overheat the end and close
it off.

“The reagents include food coloring
(from the grocer) ; 88 per cent carbolic
acid; 70 per cent isopropyl alcohol; dis-
tilled water, which can be bought in
minimum  quantities from druggists;
small quantities of amino acids, includ-
ing aspartic acid, glutamic acid, glycine
and tyrosine; 10 milliliters of .25 per
cent Ninhydrin in butanol; 20 milliliters
of ethyl ether, and like amounts of ace-
tone and aqueous ammonia. These sub-
stances and \Whatman paper (in strips,
sheets or disks) can be ordered through
druggists from chemical supply houses
such as the Fisher Scientific Company,
633 Greenwich Street, New York 14.
The amino acids are also available from
Nutritional Biochemicals Corporation,
21010 Miles Avenue, Cleveland 28. The
latter firm also markets a kit of 22 assort-
ed amino acids (one gram of each) for
$11.50. Finally, 10-milliliter quantities
are required of molar solutions of mer-
curic nitrate, silver nitrate and lead
nitrate and 50 milliliters of .25 molar
potassium chromate. These concentra-
tions are made by adding to 10-milliliter
quantities of water 3.33 grams of mer-
curic nitrate, 1.7 grams of silver nitrate
and 3.31 grams of lead nitrate, and to 50
milliliters of water 2.5 grams of potas-
sium chromate.

“The separation of a mixture of food
colors makes an interesting first experi-
ment. Push common pins through three
of the rubber stoppers and bend the
points into short hooks, as shown in the
accompanying illustration [next page].
Cut strips of filter paper of such length
that when the strips are suspended by
the stopper hooks inside the test tubes,
the lower corners of the paper will just
touch the rounded glass bottom. Mix a
tew drops of each food color in a clean
container, pipette a drop of the mixture
onto the center of the strips about half
an inch from the bottom end and allow
the strips to dry outside the test tubes.
While the specimens are drying, pipette

one milliliter of isopropyl alcohol into
the test tubes. When the spots have
dried, place a second drop at each of the
spots and allow them to dry. Then hook
the strips to the stoppers, lower them
into the test tubes and push the stoppers
down until the bottom edge of the paper
makes contact with the alcohol. As the
solvent front moves up the strip, bands
of only red, yellow and green are likely
to appear. Other food colors are usually
made by combining these three.
“Colorless substances can be analyzed
by making chromatograms in the same
way and then coloring the bands chemi-
cally. The technique can be demon-
strated by making a qualitative analysis
for ions of silver, mercury and lead. Spot
a strip, as in the previous experiment,
with silver nitrate solution and develop
the chromatogram with a solvent of dis-
tilled water. When the solvent front has
migrated to within half an inch of the
top, remove the strip from the test tube

glass rod

. (
specimen [«
spot \,./T}ﬁ\
|
|

filter-
paper
N o

and dry for a few minutes. This chro-
matogram will show no color. To make
the band visible dip the strip into a test
tube containing potassium chromate, re-
move and wash gently in distilled water.
A bright orange band will appear at the
top, indicating the presence of silver
chromate. Now pass the strip over an
open vessel containing ammonia. The
color will disappear. The silver forms the
colorless, soluble silver-ammonia com-
plex. Repeat the experiment using the
nitrates of mercury and lead. Lead will
give rise to a vivid yellow color and the
mercury will appear black. When you
have learned to develop and identify
these colorless substances, mix a small
quantity of all three and repeat the ex-
periment. (Be sure to wash the pipette
thoroughly after handling each sub-
stance to avoid contaminating the stock
solutions.) The bands indicating mer-
cury and silver will stand out clearly
on the developed chromatogram. The
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An amateur’s apparatus for making paper chromatograms by the “descending” method
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Engineers * Scientists

New Staff
Appointments

AT REPUBLIC’'S
PAUL MOORE
RESEARCH AND
DEVELOPMENT
CENTER

—

Dedicated to the advance-
ment of space exploration
& upper atmosphere flight,

the eight laboratories of this new
center incorporate the most sophis-
ticated equipment available, includ-
ing: Space CHAMBER (14’ x 30")
simulating conditions at more than
150 miles above the earth; HypER-
soNic WIND TunNEL for speeds to
Mach 14; Arc Jer for studying
materials at up to 27,000F; Suock
TunNNEL developing Mach 20 veloci-
ties; HyproGceEn Gun firing projec-
tiles (or models) at speeds to 26,000
mph; 40’ ANecHoic CHAMBER,
CO60 Hot CELL.

Senior & Interinediate Level
Positions In These Areas:

Structural Analysis
Structural Theory
Structural Configuration Research
Structural Dynamics
Theoretical Aerodynamics

& Aerophysics
Materials Development
Experimental Cryogenics
Guidance & Control Systems
Electromagnetic Research
Microwave Antenna Research
System Integration, Evaluation
Circuit & Subsystem Development
Wind Tunnel Instrumentation
Space Guidance & Control
Space Computers
Space Environmental Systems
Biophysics Research
Thin Film Techniques
Optical & IR Systems
Atmosphere Physics
Operations Research

) For detailed information about
assignments in the above and other
areas, please write in confidence to:
Mr. George R. Hickman, Technical
Employment Manager, Dept. 8G

4
REPUBLIC

AVIATION CORPORATION
FARMINGDALE, LONG ISLAND, NEW YORK

(All qualified applicants will receive con-
sideration for employment without regard
to race, creed, color, or national origin.)
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An apparatus for making paper chromatograms by the “ascending” method

orange band of the silver chromate may,
however, mask the yellow band of lead.
But when the strip is passed over the
ammonia, the orange will fade and re-
veal the yellow.

“Chromatograms of most organic sub-
stances are colorless, but those of plant
pigments such as the chlorophylls,
xanthophylls and carotenes are excep-
tions. To make a chromatographic analy-
sis of plant pigments grind a few
spinach leaves in a mortar or beaker un-
til they are pulpy, add 10 milliliters of
acetone and continue grinding until the
solution turns deep green. Pour off the
liquid, add three milliliters of acetone
and repeat the grinding. Again pour off,
combine the liquids and place a drop on
a strip of filter paper as in the previous
experiments. Dry, place a second drop
at the same spot and dry again. Repeat
until the spot becomes distinctly green.
Then transfer the strip to a test tube con-
taining enough ethyl ether to immerse

| the lower edge of the strip. (Remember
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that ether is highly flammable. Do not
work with it near an open flame.) The
developed chromatogram will show a
band of chlorophyll at the top, then
a band of xanthophylls and a gray band,
which may contain a mixture of decom-
posed chlorophylls and orange or yellow
carotene. Almost any mixture of plant
pigments can be analyzed on paper by
ethyl ether, from those in tomato catch-
up to those from the leaves of trees.
It is interesting to run a series of experi-
ments on tree leaves from spring to fall
and tabulate the variations in pigment
content.

“By running a series of chromatograms
on a given mixture it can be shown that
each constituent of the mixture migrates
at a characteristic rate with respect to
the rate at which the solvent front ad-
vances. The substance with the highest
migration rate is concentrated in a band
closest to the solvent front; a substance
that migrates slower will concentrate
farther away from the front. In the case



The release of motion from energetic
materials: this is the chemistry of propulsion.
Through basic research on matter,

the Chemical Division of Aerojet-General
speeds the development of tomorrow's
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largest in the American rocket industry.
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SAVE 95%
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SCIENTIFIC AMERICAN and over
seven hundred and fifty other lead-
ing periodicals are now available on
microfilm—cost about equal to li-
brary binding. Microfilms of issues
from May, 1948 [first issue of new
SCIENTIFIC AMERICAN] may be se-
cured.

Addressing inquiries to usS on
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With artificial satellites already launched and
space travel almost a reality, astronomy has
become today’s fastest growing hobby.
Exploring the skies with a telescope is a
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of the amino acids the migration rates
are normally measured and used as ap-
| proximate guides for identifying the
acids. The rates, called R; values, are
equal to the quotient of the distance that
a substance moves from the starting
point on the paper divided by the dis-
tance that the solvent moves from the
same starting point. For example, a sub-
stance that migrates three inches from
the starting point while the solvent
front advances six inches has an R; value
| of .5 for the particular run. Thus the R
value of substance ¢ shown in the ac-
| companying illustration [page 164] is

R; = a/c; of substance b, R; = b/c.
Identification of the amino acids would
be easy if all experimenters always
found the same R; value for each sub-
[ stance. Some of the variables that pre-
vent exact agreement are (1) the kind
of paper used for the chromatogram;
(2) the orientation of the paper fibers;
(3) thelength of the strip; (4) the com-

Specimen
spot

aqueous solvent

chromatograms of

amino acids
. solvent

front

\

position of the solvent; (5) the tech-
nique used for making the chromato-
grams, i.e., ascending, descending, ellip-
tical or circular; (6) the initial distance
of the solvent from the starting line;
(7) the concentration of the mixture
being analyzed; (8) the amount and
kind of impurities present in both sol-
vent and solute; and (9) temperature.
In spite of the fact that each of these
variables can influence the R, values,
agreement between the results observed
by various experimenters often turns out
to be surprisingly close for the reason
that some of the variables do not in-
fluence the migration rate appreciably.
Moreover, a bias introduced in one di-
rection by a major variable may be off-
set by the opposite bias of one or more
other variables. As a consequence R
values are useful clues to the identity of
individual amino acids.

“An introductory experiment that
demonstrates the use of R; values can be

fllter paper with

———

) “Vcut bent down )

~ /
e =

\ An apparatus for making paper chromatograms by the “elliptical” method
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THE NEED
T0 KNOW

ELECTRONICS
RESEARCH
LABORATORIES

There is a continuing need to know more about the nature of
space and its complex environment. Only through fundamental
research and scientific inquiry can this need be met.

At Convair/Astronautics’ Electronics Research Laboratories, our
task is to meet this need; to explore the space sciences; to advance
the state of the space technology arts. Here, company-funded
research in space physics and space electronics is in progress,
motivated by the need to develop instruments and electronic
techniques vital to the progress of space flight and exploration.

The men selected to staff these laboratories must be of high aca- Please write to Mr. R. M. Smith,

demic caliber. They must possess the sort of professional back- Industrial Relations Administrator-Engineering,

ground which demonstrates interest and achievement in solving Mail Zone 130-90, Convair Astronautics,

the broad spectrum of problems associated with space technology. 5677 Kearny Villa Road, San Diego 12,

Senior and staff positions are available now for physicists and California. (Men in the New York area are

physical chemists with advanced degrees. Current emphasis con- invited to contact Mr. T. Cozine,

cerns research in solid state and physical electronics and space manager of our New York placement

instrumentation. We invite your inquiry which will be promptly office, Clrcle 5-5034.)

ICViewed by a member Of the EleCtronics Research Laboratories ALL QUALIFIED APPLICANTS WILL RECEIVE CONSIDERATION FOR EMPLOYMENT WITHOUT
Staﬁ. REGARD TO RACE, CREED, COLOR, OR NATIONAL ORIGIN.

CONVAIR / ASTRONAUTICS ovsoner  GENERAL DYNAMICS
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based on a mixture of aspartic acid,
glycine, glutamic acid and tyrosine.
These readily available substances differ
substantially in R; values and so are easy
to identify. Rubber gloves should be
worn to avoid contaminating the chro-
matogram. (Amino acids are colorless,
therefore the chromatogram must be
sprayed with a staining chemical such as
Ninhydrin to develop color, and Ninhy-
drin develops fingerprints beautifully.)
A good solvent for amino acids is phenol
saturated with water. Add one part of
water to four parts of phenol and mix
well. Let the mixture stand for about 20
minutes. If the solution separates into
two layers, the phenol is saturated. If
there is no separation, add water, shake
and allow to stand. Repeat until two
layers appear. Saturated phenol settles
as the bottom layer. An alternate sol-
vent consists of a mixture of butanol,
acetic acid and water in the proportion
of eight to one to eight by volume. This
mixture also forms two layers on stand-
ing. Again the bottom layer is the sol-
vent. Although butanol so prepared is
the solvent most widely used to analyze
amino acids, the mixture gradually de-
teriorates and should not be kept more
than a week or two.

“After preparing one of these solvents,
dissolve a few crystals of one of the

filter-paper disk

amino acids in two milliliters of water.
(Five-milliliter vials with screw caps are
convenient for storing stock solutions of

amino acids.) Incidentally, the experi- |

ment will gain in interest if the acids
are analyzed in accurately measured
amounts. If possible, weigh the crystals,
add them to a measured volume of water
and apply to the chromatographic strip
with a calibrated micropipette.

“It is always useful in chromatography
experiments to draw a pencil line across
the strip at the point where the speci-
men is applied, say an inch from one end.
The line is essential when R; values are
to be determined. Apply a spot of any
amino acid to the middle of the starting
line and allow it to dry. Add solvent to
the test tube, taking care that no drops
cling to the walls of the tube, suspend
the strip by the hooked pin and insert
it in the tube. When the solvent has mi-
grated to within half an inch of the top
of the strip, remove and dry. Drying may
require an hour or more at room tem-
perature but may be speeded by baking
the strip in a warm oven at 150 to 175
degrees Fahrenheit.

“Spray the dried chromatogram with
Ninhydrin and, if desired, dry in the
oven for 10 minutes. The band of acid
will appear as a bluish spot somewhere
along the strip. If all goes well, the spot

/wsolvent cdge

3 /?C;‘ fractions

solvent tube

Y4-inch hole
in upper glass

An apparatus for making paper chromatograms by the “circular” method
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ASTRONOMICAL SATELLITE

National Aeronautics and Space Ad-
ministration’s Astronomical Observatory
will be launched 500 miles into space
in 1963. It will orbit above the screen
of Earth’s atmosphere, which distorts
and absorbs radiation from stellar
objects. Observations through a 36 inch
telescope from this vantage point will
provide astronomical data unavailable
| from any ground-based equipment.

Initial Stabhilization—Within five hours
after reaching orbit, the Astronomical
Satellite’s stabilization and control sys-
tem will eliminate tumbling and roll, and
orient its optical axis away from the sun.
Reference to a predetermined star pat-
tern will verify initial stabilization.

Accurate Stahilization—Next, the satellite
will be pointed and held to within 1.0
minute of arc, using feedback from the
system’s six star-trackers. Feedback from
experimental optics will then be used
to stabilize the satellite within 0.1 sec-
onds of arc.

General Electric’s Missile and Space
Vehicle Department is developing the
stabilization and control system for the
Astronomical Satellite. Similar systems for
Atlas and Thor re-entry vehicles, and.
Advent and Nimbus satellites have al-
ready been designed by MSVD . . . a de-
partment of the G.E. Defense Electronics
Division. 160-09A

GENERAL @B ELECTRIC




ASTRONOMICAL SATELLITE will orbit beyond Earth’s atmospheric haze—
historic barrier to man’s study of stars. Once this NASA satellite is stabilized
in orbit, its ground-controlled telescopic and electronic equipment can
automatically observe, collect and transmit data. The control and stabilization
system for this orbiting astronomical observatory is being developed by
General Electric’s Missile and Space Vehicle Department for Grumman Air-
craft Engineering Corporation, prime contractor for the Astronomical Satellite.

GENERAL @ ELECTRIC

SILE AND SPACE VEHICLE DEPARTMENT, PHII
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“There are few facts in science
more interesting than those
e v which establish a connection be-
A , tween heat and electricity.”

- —Joule

James Prescott Joule
1818-1889

The facts that fascinated J. P. Joule in the
nineteenth century are vital at Los Alamos in
the twentieth—freshly combined with facts he
never dreamed of. Heat from the Omega West

| Reactor, directly converted by the plasma
thermocouple, drives electric motors. Electricity
from the Zeus capacitor bank produces

"| thermonuclear temperatures, partly by the

[ familiar process called joule heating. The Los

Alamos Scientific Laboratory is proud to

1 acknowledge its debt to great men who

/' have found facts “interesting.”

For employment information write:

. Personnel Director, Division 61-60

los®: jalamos

< scientific laboratory

| OF THE UNIVERSITY OF CALIFORNIA
. LOS ALAMOS, NEW MEXICO

\
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should be about the same shape and size
as the spot applied to the starting line.
If the acid is impure, the phenol un-
saturated or the solvent contaminated,
the spot may have a tail. Chromatograms
of a single pure amino acid normally
show one spot. Do not be surprised, how-
ever, if a number of spots appear. These
unexpected ‘ghosts’ are usually mono-
ethyl esters of the acid under test, but
they may also indicate the presence of
other acids.

“Make a series of runs on a selected
acid. When sufficient experience has
been gained so that results are consist-
ent, compute the R; value of the acid.
Then determine and tabulate the Rg
values of the remaining acids. Compare
your tabulations with the following typi-
cal values for acids in the concentra-
tions specified above when developed at
72 degrees F. by saturated phenol on
Whatman No. 1 chromatographic paper:
aspartic acid, .14; glycine, .4; glutamic
acid, .24; and tyrosine, .59. Finally, mix
two or more of the acids and develop
a composite chromatogram.

“If a full kit of 22 acids has been
bought, determine the R; value of each.
A variety of common substances can
then be analyzed. Some brands of canned
soup will show glutamic acid, for ex-
ample, as will Accent, the commercial
preparation used for intensifying the
flavor of foods. Aspartic acid will be
found in green tea; soy sauce will yield
a galaxy of acids. There is little point in
attempting to analyze milk or urine by
the strip technique because the many
amino acids present in these fluids ap-
pear on the chromatogram as a meaning-
less pattern of overlapping spots.

“All the techniques of paper chro-
matography discussed so far share a
basic limitation. Two or more substances
analyzed under identical conditions may
have the same or very nearly the same
R; values and migrate at substantially
the same rate; and therefore they will
concentrate as overlapping bands. For
reliable identification by any of these
techniques, the migration rates must dif-
fer by 10 per cent or more. How, then,
can materials rich in many amino acids
be analyzed?

“The problem is solved by altering one
of the factors that exert a substantial in-
fluence on migration rate, such as the
solvent. After being developed by one
solvent the chromatogram can be turned
90 degrees and developed again by an-
other solvent. This is known as the two-
dimensional technique. A sheet of paper
(usually 15 inches square or larger) is
substituted for the strip. The mixture is
applied to a corner of the sheet about an



GET READY FOR THE SPACE and SCIENCE ERA! SEE SATELLITES, MOON ROCKETS CLOSE I.IP (%

AMAIZING SCIENCE BUYS

*.for

Terrific Buy! American Made!

OPAQUE PROJECTOR

FUN, STUDY or PROFIT

See the Stars, Moon. Planets Close Up!

3” Astronomical Reflecting Telescope 60 to 180 Power
An Unusual Buy! Famous Mt. Palomar Type

Projects illustrations up to 3” x 3%” lYou‘ll see the Rlxngs“nf Saturn, llhe fasci{xlalinu' pfla.r’]et Mars,
5 ” wge craters on the Moon, Star Clusters, Moons of Jupiter in
and enlarges them to 357 x 30" if detail, Galaxies! mount with lock on both axes.

E (1\13[01 ial
rercoated 3” diameter high-speed f/10 mirror,
ipped with a 60X evepiece and a mounted
er. An Optical Finder

screen is 6% ft. from pro]eclnr.
larger pictures if screen is further

Aluminized and o
Telescope comes

away. No film or negatives needed. Barlow Lens. giving you 60 to 1
Projects charts, diagrams, pictures, Telescope, always so ‘essential, is also included. sturdy. hard-
photos, lettering in full color or wood, portable tripod.

FREE with Scope:—Valuable STAR CHART plus_272 page ‘‘HAND-
plus ‘‘HOW TO USE YOUR TELESCOPE" BOOK

$29.95 Postpaid
Up to 255 Power.
$79.50 F.0.B.

black-and-white. Operates on 115 volt, A.C. current, 6-ft.
extension cord and plug mcluded Operates on 60 watt bulb,
not included. Size wide. Weight 1 1b.,
. Plastic case wuh bullt m handle.
$7.95 Postpaid

Sloek No. 70,199-S P

B Sueen SpeeeeEes ieesan s ||
7x50 BINOCULARS—TREMENDOUS BUY!

BOOK OF HEAVENS''
Stock No. 85,050-S

Reflector Telescope!
Mount.

41/4” Astronomical New
Vibration- Prese I\lelal Pedestal

P?otographers' This is an actual photograph
tock No.

the moon taken through our Astronomical
Telescope by a 17-year-old student.

DOWN GOES THE PRICE ON WAR SURPLUS
LENSES—AERO EKTARS AND TESSARS—

BUILD A SOLAR

War Surplus American-Made

Big savings! Brand new! Crystal
clear viewing—7 power. Every opti-
cal element is coated. An excellent
night glass—the size recommended
for satellite no\ung Individual eye
focus. Exit puml 7mm. Approx. field
at 1,000 yds. is 376 ft. Carrying
case included. American 7 x 50’s
normally cost $195. Our war surplus
price saves you real money.

Stock No. 1533-S eereeerreeeenns only $55 00 ps
Tax

B

6 x 30 Binoculars—similar to above and a terrmc bargam
Stock No. 963-S pstpd.

(Tax included)

American Made—
Bargain Priced!

STEREO MICROSCOPE
development. Drecision
Used for checking,
inspecting, smail assembly work. Up
to 3” working distance. Clear, sharp,
erect image. \Vide, 3 dimensional
field. 2 sets of objectives on rotating
turret. 23X and 40X. 10 Day Free
Trial.

Stock No 35 .056-5..........$99.50

Barrington, N.J.

N
HIGH PITCHED SOUND—LOW

PITCHED PRICE IN ULTRA SONIC
SOUND WAVE CLEANER

High-frequency sound waves clean

Years in
American made.

_ tedious surfaces—tricky crevices.
®__m Uses electrical energy in clean-
| — ing optical lenses, mechanisms,
photo eqpt. Cleaning fluid acti-
vated by sound waves—cleans
without disassembly—needs no

chemicals, no scrubbing. Ultra
Sonic generator 90,000 cycles-per-
sec. output. Gray, baked-enamel ftin,, one knob control,
stainless steel tank. Works on H/current. I’int cap. tank

NEW AND USED—OUT THEY GO FOR 3 AND

ENERGY FURNACE

- Easy ! Inexpensive!

results. These

rific heat—2000° to 3000°.
Build with yourscrap wood
and our Fresnel Lens—
14” diameter.......... f.1.14”
Stock No. 70,130-S

—an,

brass cell). Carrying
51 1Ibs.

Stock No. 85,059-S.
Stock No. 85,060-S.

Mfd. by Bausch and Lomb and Kodak at cost to Gov’t.

K22 Aerial Camera units with
easily removed from cone—Focal pl

dia
U5 8147 by fexible shaft):

4% OF GOV'T. COST!

of

24 In. Focal Length Lenses with 237

. N . over $1,000 each—F /6,
We furnish instrue- Ben; (,m;eit N now_ you_can have them for making Big
. . P - ertha elep) 6to enses or ameras, Richest Field Wid:
tions. This sun powered n[l,rle, 18\:» Powe)rh(l')x to C4SX) Telescopes, Op‘aq‘uo Pro.
S . N | jectors, Camera Obscuras, Copying Cameras or 48 W
furnace will generate ter- Table Top Telescopes. Save real Sone and get far Petter

lens and diaphragms can
107 outside of cone. Clear front lens
Diaphragm F/6 to F/22 (adjustable to
size: 97, Lens elements—a (2
Shutter not ineluded.

plane
25 1bs,
P cuue
Ibs.

one:

case wt.— Shipping Wt

Utah
Utah

..Used—Was $39.50—NOW $25.00 f.o0.b.
.New—Was $59.50—NOW $32.50 f.0.h.

Above Lenses m cells—out of Cone and Diaphragm

Fresnel Lens..$6.00 Pstpd. Stock No. 70,1

Thermometer Tie Bar and Cuff Links
Register as HOT Conversation Piece

Ruggedly precise new style item in
matched set of cuff links and tie bar
featuring non-breakable, accurately
calibrated thermometers. Sensitive to
a tolerance of 1 degree (although
some wearers have noted violent fluc-
tuations when worn in close proximity to certain blondes
and redheads of ‘“‘the warmer sex’’). Easy to read. Indicia
range from 20 (degrees) to (plus) 120 (degrees) Fahren-
heit on circular dial. Silver plated, gift boxed—Tie Bar
and Cuff Links also available separately.

Stock No. 1700-S Tie Clasp $3.25 Ppd. tax incl.
Stock No. 1701-S Cuff Links. $6.55 Ppd. tax incl.
Stock No. 1702-S Set of Clasp & Links $8.75 Ppd. tax incl.

SCIENCE TREASURE CHESTS
For Boys—Girls—Adults!

Science Treasure Chest—Extra-pow-
erful magnets, polarizing filters, com-
pass, one-way-mirror film, prism, dif-
fraction grating, and lots of other
items for hundreds of thrilling experi-
ments, plus a Ten-Lens Kit for making telescopes,
microscopes, ete. Full instructions included.

Stock No. 70,342-S $5.00 Postpaid
Science Treasure Ches ything in  Chest

$22.50 Postpaid

NEW! THERMO-PILE KIT!
Converts Heat Into Electricity

For demonstration, experimenta~
tion in the exciting field of ther-
moelectricity. Convert the heat
of a blow torch, a gas jet, or even
the heat of the sun into electricity. You receive 20-14”
gauge, 6” long chromel-alumel thermocouples; washer,
bolt and nut for making reflector; other materials for
making a thermo-pile; a small 1.5-3 V DC motor to run
from thermo-pile (gives you visual demonstration of
electricity created). Kit includes full directions for set-
ting up and experimenting with thermo-piles.

Stock No. 70,436-S $15.00 Postpaid

“FISH" WITH A GIANT MAGNET

Bring Up Under-Water Treasures

Real fun! Profitable, too! Simply trail this
powerful 5 Ib. Magnet out the stern of your
boat—retrieve outboard motors, fishing tackle,
anchors, other metal valuables. Alnico V-Type
Magnet has terrific lifting power—2000 Gauss
rating—lifts over 125 lbs. on land—more under water,
Many industrial uses, too; recover tools and parts from
inaccessible spots, hold work in place, rid shop ficors of

%’1’/2}:‘):3h1/2;f)2l72':’ ipdt. c_a{}.';, gxt. ot'4tgx1k:tt4”x4”x1:')";.‘de%):lhge?. above Dplus cxcilting additioxial items lt;ar more advanced § metal fragments, pins, etc.
igh, 4" wide, 2" deep—40 watt cap .2 S.) . experiments including crystal-growing Kit, electric motor,
Stock No. 85,124-S..........ccooveerverrennne 9.95 F.O.B. | molecular models set, first-surface mirrors, and lots more. g::°: no' ;g :?2 g g,/"’ ",s'“ e $9.95 Pstpd.
eauelt  Information on Larger Sizés. Stock No. 70,343S.........cceeeerensr......$10.00 Postpaid ENe. 2 1b. size.......$7.95 Pstpd.
G OF SCIENCE...R
' circULAR DiFFRACTION GRATING | WOODEN SOLID PUZZLES
NEW! SCIENCE PROJECT KITS AUl oL T

CRYSTAL GROWING KIT

- i
Do a crystalography project illus- .
trated with large beautiful crystals
you grow yourself. Kit includes the =

book ‘‘Crystals and Crystal Growing” ﬂ

and a generous supply of the chemical

you need to grow large display crys-

tals of potassium aluminum sulfate (clear), potassium chro-
mium sulfate (purple), potassium sodium tartrate (clear),
nickel sulfate hexahydrate (blue green) or heptahydrate
(green), potassium ferricyanide (red), and copper acetate

(blue green).
Stock No. 70,336-S.. .$9.50 Postpaid

MOLECULE AND CRYSTAL MODELS KIT—Rods and
balls to make atomic models, plus directions—

Stock No. 30,413-S.........c...... eveeeaee $2.50 Postpaid

MAGNETISM KIT—Based on magnetism demonstrations
developed by UNESCO—
Stock No. 70,325-S......ccceeevveeceenneeee.$3.75 Postpaid

OPTICAL ILLUSION KIT—Diagrams, lenses, mirrors,
etc., for producing many amazing optical illusions—

Stock No. 70,352-S.. .$3.00 Postpaid

LIFE SIZE HUMAN SKULL

Anatomically correct. Natural bone color, bone
hard, lifetime plastic. Take apart. Snap together.
Removable skull cap for examining skull cavity,
nasal passages, etc. Spring action lower jaw. Stand
and Instruction and Anatomy Chart included.

\

A Dazzling Rainbow of Color!

As a scientific phenamenon this new
kind of jewelry is capturing atten-
tion everywhere. Shimmering rain-
bows of gem-like color in jewelry of
exquisite beauty—made with CIR-
CULAR DIFFRACTION GRATING
REPLICA. Just as a prism breaks up
light into its full range of individual
colors, so does the Diffraction Grating.

Stock #30,349-S Earrings... $2.75 Pstpd.
Stock #30,350-S Cuff Links . 2.75 Pstpd.
Stock #30,372-S Pendant... 2.75 Pstpd.
Stock 7t 30,390-S Tie-Clasp. 2.75 Pstpd.

MAKE YOUR OWN POWERFUL
ASTRONOMICAL TELESCOPE

GRIND YOUR OWN ASTRONOMICAL MIRROR
Kits contain mirror blank, tool, abrasives, diag-
onal niirror and eyepiece lenses. You build instru-
ments ranging in value from $75.00 to hundreds
of dollars.

Stock No. 70,294-S................$4.95 postpaid

Stock No. Dia. error Thickness Price
70,003-S 44" 3" $ 7.50 postpaid
70,004-S 6" 1 11.95 postpaid
70,005-S 8" 13%" 19.50 postpaid
70,006-S 10" 134" 30.75 ; F.0.B.
70,007-S 121" 25" 59.95 { Barrington

ORDER BY STOCK NUMBIR .SEND CHECK OR MONIEY ORDIR . SATISFACTION GUARANTEEID!

EDMUND SCIENTIFIC €0..8ARRINGTON, NEW JERSEY
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Here is a fascinating assort-
ment of wood puzzles that will
provide hours of pleasure.
Twelve different puzzles, ani-
mals and geometric forms to
take apart and reassemble,
give a chance for all the fami-
ly, young or old, to test skill,
patience, and, best of all to
stimulate ability to think and reason while
having lots of fun.

Stock No. 70,205-S

FREE CATALOG-S

144 Pages! Over 1000 Bargains! Huge
selection of lenses, prisms, war surplus optical
instruments, parts and accessories. Telescopes,
Microscopes, Binoculars, Snip- [~

erscopes, science experiment
items, math learning and
teaching aids.
Request Catalog-S.

$3.00 Postpaid

WRITE
FOR

EASY PAYMENT PLAN AVAIL-
AULE! DETAILS WITH CAT-
ALDG!
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YOU

and our plan
for long-range
growth

For as far ahead as we can see,
we’ll be taking additional scientists
and engineers into Chance Vought’s
technical divisions. The growth
we’ve planned will require it.

Sustaining this growth are a num-
ber of study and development

projects — work which is certain |

to be of increasing importance in
the military, commercial and space
fields.

Openings exist right now for men
with experience in these areas:

Space Flight Mechanics
High-Temperature Materials

e Metallurgy, Ceramics and
Plastics

e Gas Dynamics and Heat
Transfer

¢ Guidance and Control

Avionics, Communications and
Instrumentation

Structures, Dynamics and Stress
Spacecraft Conceptual Design
Nuclear Engineers

Ground Support Equipment
Design

e Aircraft and Missile Reliability

These positions call for assignment
in Dallas. They’re open to graduate
engineers and scientists (advanced
degree preferred) with at least 6
years direct industry experience.

All qualified applicants will be con-
sidered without regard to race,
creed, color or national origin.

Send resumé to:

Professtonal Placement
P. O. Box 5907
Dallas 22, Texas

CHANCE
VOUGHT
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o-10 MA
varviable
meter shunt

plastic
tr‘:\'y

milliammeter ~—

serics rhecostat

level
indicator

Y2 s 1% x 5% optical
flats from tank
periscopes

An amateur’s version of an electrophoresis apparatus

inch from the edges. With the spot at
the bottom, the sheet is suspended so
that its bottom edge makes contact with
a trough of solvent. The entire assembly
is enclosed in an airtight housing. When
the solvent front has migrated to within
an inch of the top, the sheet is removed,
dried and rotated 90 degrees, with the
chromatogram at the bottom and parallel
with the trough. The bottom edge is
now immersed in a different solvent and
developed again. The sheet is removed,
dried and sprayed with Ninhydrin. The
amino acids should appear as separate
spots distributed over a large area of the
paper. Each acid or fraction is now
characterized by a pair of R; values, one
for each of the solvents. In fact, the two-
dimensional chromatogram may be con-
sidered a graph of the mixture, with
each fraction plotted according to its Ry
values.”

]:fmnk A. Sheldon of Magnolia, N.J.,

submits his version of an apparatus
for separating mixtures by the electro-
phoresis method. As explained in this de-
partment for August, 1955, electrophore-
sis resembles chromatography in certain
respects. Whereas chromatography is
based on differences in the strength with
which various substances are adsorbed
in a medium such as paper, electro-
phoresis takes advantage of the fact that
many substances exist as ions in solution,
have a characteristic electric charge and
migrate at a characteristic rate in an
electric field. Albumins and some or-
ganic dyes, for example, are ionized in
a .3 molar solution of sodium carbonate

© 1961 SCIENTIFIC AMERICAN, INC

(approximately one ounce of baking
soda per pint of water).

Sheldon’s apparatus consists of a
strip of glass-fiber cloth about an inch
wide and 10 inches long sandwiched be-
tween a pair of glass plates arranged so
that the ends of the cloth dip into glass
containers of solution [see illustration on
this page]. Direct current from a 250-
volt source is connected to the solution
by carbon electrodes in the containers.
Current through the glass cloth (on the
order of 10 milliamperes) is controlled
by a rheostat in series with one of the
leads and is measured by a 0—10 milliam-
meter. Current values greater than 10
milliamperes can be measured by con-
necting a 0-100,000-ohm rheostat across
the terminals of the meter and calibrat-
ing the meter for intermediate settings of
the rheostat against a meter designed
for higher currents. Siphon manometers
made of transparent plastic tubing indi-
cate the relative level of solution in the
containers. They must be at the same
level or gravity will cause solution to
migrate through the glass cloth from the
upper to the lower container and induce
an unwanted chromatographic effect.
The optically flat glass plates are from
a surplus tank periscope.

To make an electrophoresis analysis
Sheldon first dips the glass cloth in solu-
tion, blots it thoroughly, applies a spot
of the mixture to be analyzed to the cen-
ter of the cloth, assembles the apparatus
as shown and switches on the current.
With a current of 10 milliamperes spots
of food coloring migrate at a maximum
rate of four millimeters per minute.



THE JOHNS HOPKINS UNIVERSITY

...BRINGS THE FRUITS OF SCIENCE TO BEAR
ON THE SOLUTION OF GLOBAL MILITARY PROBLEMS

The Operations Research Office of The Johns Hopkins University
plays an integral part in the science-industry-government effort
towards the achievement of our national objectives.

To this end, a scientific staff representing more than thirty different
disciplines is today working in an intellectual atmosphere at ORO.
Through a mixed-team approach we apply modern scientific method-
ology to the solution of global military problems. Areas of interest
include strategy, political-military gaming, tactics, logistics, intelli-
gence, and air defense.

Tackling the problems posed by the future Army, making decisions
today for 1970 and beyond—decisions of utmost and far reaching
importance—requires from the practitioner imaginative and precise
thought.

If you are creative and interested in extending your talents beyond
the boundaries of your specific discipline, you are invited to contact
ORO. We offer you an exciting professional career and the oppor-
tunity to make substantive contributions to our national purpose.

DIRECT YOUR INQUIRY TO: JOHN G. BURKE, RESEARCH PERSONNEL OFFICER
OPERATIONS RESEARCH OFFICE, THE JOHNS HOPKINS UNIVERSITY
6935 ARLINGTON ROAD, BETHESDA 14, MARYLAND (A RESIDENTIAL SUBURB OF WASHINGTON, D. C.)
All qualified applicants will receive consideration for employment without regard to race, creed, color or national origin.
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THIS IS GLASS

A BULLETIN OF PRACTICAL NEW IDEAS

ECHOES IN THE INFRARED
TRIP A TRAFFIC SIGNAL

Your car passes under a compact little
unit hanging over the road and—presto
—up ahead a traffic signal changes to
green.

There are two devices in the unit which
is fabricated by Infrared Industries of
Waltham, Mass. One emits a beam of
infrared down at the pavement via a
special glass lens which we supply. The
second device receives the echo sent back
when a car passes through the infrared
beam. The beam bounces back up
through another Corning lens, off a sil-
vered reflector (also ours), and onto a
cell which activates the unit. The unit
in turn activates the traffic signal or just
keeps track of the traffic.

If you happen to spot one of these
devices on a drive and still have to stop
for a red light, do not despair. Take those
few seconds and consider the red, yellow,
and green roundels on the traffic light
itself. That’s right, we make those too,
and it’s quite a trick, since we have to
mass produce those roundels by the
thousands, holding to some of the most
rigorous color standards you’ve ever seen.

All of this adds up to a good story on
the passing of light—visible or invisible—
through glass. We have the capabilities.
If you have the problems, perhaps we
can get together and produce some
products.

We’ll be glad to send anything you
ask for in the coupon.

A FEW FREE SUBSCRIPTIONS
TO GLASS TALK STILL LEFT

Like many of our worlds, the world of
glass continues to grow at a breathless
pace . . . adding more and more exotic,
but eminently useful, glass products
every month.

To keep people like you up to date on
what’s being done, we put out a bi-
monthly (more or less) publication called
Glass Talk. The economics of printing
are such that we can add a number of
new names to our mailing list without
upping costs greatly.
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So, if you think glass has a place in
your future, send us your name and ad-
dress on the coupon. Naturally, Glass
T alk is gratis.

NEW BLUE AKLO® CYLINDER
ABSORBS 991% OF IR

If there’s ever a man you want to keep
comfortable, it’s a surgeon. So, you take
extra pains with his lighting.

You want to correct his light to day-
light. You want both him and his patient
to stay as cool as possible.

A new AKLO filter which we make
does both. It takes 2900°K light from
incandescent lamps and corrects it to
4000°K. It absorbs all but a niggling less
than 19, of the lamp’s infrared, hardly
enough to raise the temperature of a flea.

Add this to a cylinder that has been
designed to be used with clearlamps and
yougetsmooth, reproducible results every
time the unit is relamped.

Filtering like this recommends itself
for lighting, for photoengraving and pho-
tography, theaters, movies, television—in
short, any place where you have light-
and heat-conscious customers.

Check the coupon, if you're interested.

M EANS

Please send more on:

[ Colored Lenses [] ‘“‘Glass Talk"

RESEARCH I'N

‘/CORNING
(‘ CORNING GLASS WORKS, 4907 crystal st., Corning, N.Y.

[0 AKLO Filters [] IR-Transmitting Glass [] Electroconductive Glass

CORNING

GROUNDED GLASS

One of the old bugaboos of using glass in
conjunction with extremely sensitive elec-
tronic devices—static charging—should
bother you no longer.

We can supply a variety of shapes with
an electroconductive coating which you
can run to ground. And static charge
drains off as soon as it forms, so there’s
no danger of outside signals throwing
your device into a tizzy.

The same method also eliminates the
nuisance noise broadcast by fluorescent
tubes. We make a glass shield which
looks like a regular lighting panel except
that it, too, has a grounded electro-
conductive coating.

Think about this glass for a minute and
you’ll see there are many other equally
sensible applications.

Run a current through a piece of it,
for example, and you have a warm piece
of glass . . . perfect for self-defrosting
mirrors or windows.

You’ll find that certain glasses become
efficient infrared emitters when you run
a current through an electroconductive
coating . . . great for space heaters or
driers (both of which we make).

Turn the glass around and cut off the
current and you find that it reflects infra-
red while passing visible light. That
makes an excellent heat shield.

Send the coupon for the full story on
our electroconductive glasses.

GLASS

Name Title

Company.

Street

City. Zone.......... State...ooooeeeees

[——————————
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by Henry S. Churchill

Tue Crry 1IN History, by Lewis Mum-
ford. Harcourt, Brace & World, Inc.
($11.50).

he city is man’s greatest artifact
I and the most enduring record of
his fleeting passage. From its ruins,
from its remnant monuments, from tem-
ples, cathedrals and the patternofstreets,
from its neon lights, its wastelands of
parking lots and the perpetuity of its
slums, the curious historian, anthropolo-
cist, artist or novelist, of whatever bent
of mind, can reconstruct whatever kind
of world he wishes. This is the ambiva-
lence of the past: for the present it be-
comes justification or denial and for the
future it can spell hope or despair.

Out of the past Lewis Mumford has
chosen to show how the city has failed,
how at every critical turn in history it has
betrayed man’s trust. The City in His-
fory is not really about cities and people
but about an anthropomorphic concep-
tion called The City, which Mumford
treats as a biological and social entity in
which people lead vicarious lives. The
City is the victim of evil and diabolic
forces that have taken possession of it:
spirits, thrones and powers, kings, ty-
rants, scientists, hucksters, the halt in
good will, the lame in brain, the blind
to vision.

Mumford is the true reformer, the es-
sential pessimist to whom the good exists
always and only as potential. He de-
scribes himself rightly as a generalist,
and he is a very erudite one, whose scope
of knowledge is broad and whose power
of synthesis is strong. To this he adds a
moral fervor that has brought him hom-
age as a philosopher both at home and
abroad; indeed, he is a sort of popular
Cassandra. His philosophy of the Ugly
Civilization offers the reader a happy
relief from Freudian guilt, a relief that
in simpler and grander days was called
catharsis. His horrid accusations and dis-
mal threnodies—all true, of course, but

BOOAY

Lewis Mumford’s new work

about the culture of cities

only part of a many-faceted truth—make
the conscious subconscious of the intel-
lectuals shiver and rejoice.

So much for background, which is
necessary because this extraordinary
book is on two levels: a level of learned
and interesting exposition and informa-
tion about cities as makers of a social
order, and a level of moral conclusions
often derived from only a partial view
of what a city is physically and what
people were and are.

Mumford says of Venice: “When we
admire the surviving outward form, we
must not forget the persistence of the
inner trauma—the trauma of civilization
itself, the association of mastery and
slavery, of power and human sacrifice.”
This is juxtaposition of a kind that con-
stantly recurs in his book. Speaking of
Hellenistic disillusionment and the de-
velopment of the Eleusinian mysteries
as a reaction against urban repressions,
he writes: “All this began far earlier
than the sixth century B.c., for the empti-
ness of civilization that had no other
goals than its own existence had become
visible, as I have pointed out, long be-
fore: Vanity of vanities, all is vanity
under the sun.” And again, speaking of
the present, he says that “the prime need
of the city today is for an intensification
of collective self-knowledge .. .such a
knowledge as is achieved by a neurotic
patient in facing a long-buried infantile
trauma that has stood in the way of his
normal growth and integration.”

It is to the analysis of this trauma,
which has deepened from ziggurat to
automation, that The City in History is
devoted. It begins in the flickering light
of prehistory, with the formation of the
city around ancient abodes of the gods
or places of sacrifice or sources of spirit-
ual power, ruled by priest-kings who be-
came temporal tyrants. This is the basic
trauma; then we come, after a long time,
into history and the recorded past of
Mohenjo-Daro and Sumer, the long
morning of the river valleys and at last
to the Greek polis. For Mumford, as for
so many others, this is high noon: the
closest the city ever got to fulfilling
its function of making people whole. In
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Athens every seventh man was a free-
man, a citizen, a member of the leisure
class; bearing arms in defense of the city,
listening to the wisdom of the greatest
collection of sages the world has known,
dwelling under the rock that bore the
most pellucid and exquisite expressions
of man’s abstract essence, the product of
“exorbitant pride and shocking moral
callousness.” This was the world of Plato
and Aristotle. Mumford discusses Plato’s
ideal city at length and rejects it—as he
later rejects Thomas More’s Utopia—for
its totalitarian rigor, its boredom, its in-
human categories. One might add that
all utopias are inhuman; it is of their es-
sence that all inhabitants must conform,
lest the form vanish.

As for Aristotle, Mumford writes that
his ideal “was not a rationally abstract
form to be arbitrarily imposed on the
community: it was rather a form already
potential in the very nature of the spe-
cies, needing only to be brought out and
developed.” It might be added that the
age-old distinction between Plato and
Aristotle applies to Le Corbusier and
Frank Lloyd Wright, to La Ville Radi-
euse and Broadacre City. Mumford also
draws an interesting parallel between
Plato and St. Benedict. The influence
of the Benedictines was probably the
greatest force in architecture, and even
in city planning, during the Middle
Ages. The fact that the monasteries were
as rigidly authoritarian as any utopia is
something Mumford glosses over be-
cause of St. Benedict’s humanitarianism.
There was, however, a real difference
here: one became a monk or not, as one
chose, and so submission was also a
matter of choice.

What we know of the Greeks today,
what we see on the Acropolis, is residual.
The high moment passed: “The monu-
ments of Greek art, which we now prize,
were valid expressions of this life at its
loftiest moments. But in part they were
likewise material substitutes for a spirit
that, had it known the secret of its own
perpetuation, might have made an even
more valuable contribution both to ur-
banism and to human development.”
The italics are mine; the perpetuation is
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the Parthenon, the perpetuation is that
it is still Greek thought, Greek art and
Greek wisdom we use as touchstones for
our own accomplishment.

The forces that brought an end to
Athens and to Greece were not all inter-
nal, as Mumford implies. There are
world forces that at times are inevitable
and that small virtue, however morally
indomitable, cannot resist. Such a force
was the rise of Rome, and it is bending
history to morality to avoid the issues of
the economic and material drives that
made Rome what it was. In spite of its
crassness, and because of its materialism,
Rome brought into the world an order
that it had not known before and that
paved the way for a vaster and more
complex world than had ever been
thought of by the polis. Rome was much
more, much more, than Mumford’s ran-
cid picture of its lack of sanitation, its
horrible tenements, its degraded butch-
cries; the symbol of Rome is not the
Cloaca Maxima. Granted that the gentle
reader who learned about Rome from
Horace was not familiar with the seamy
side of the city and would need to be en-
lightened, it is even more likely that to-
day those who read Petronius and Catul-
lus are not familiar with that other image
of Rome as the Eternal City. If any city
in history deserves the fullest and most
complete description and, in the direct
meaning of the word, comprehension, it
is Rome.

Rome “fell,” of course, tenements and
all, leaving an image of law and order
so strong that every element of the
Western world still reflects it. This ap-
plies to the physical image as well as to
the legal and political; the baroque city
is deeply indebted to the great Roman
architect Vitruvius. Everywhere, even in
Byzantium (which does not appear in
The City in History), the physical char-
acteristics of the Roman urbs made
themselves felt. We are learning more
and more about how this influence was
carried through the Dark Ages, a period
that, as we learn more about it, becomes
less dark, more full of people and their
goings and comings; of the business of
life, which does not stop; of birth,
growth and death, of architecture,
poetry and song. The Western world did
not become a vacuum, and some form of
urban life throve continuously: Lutetia,
Nimes, Aachen, London, Saragossa—
even Rome itself.

Out of it emerged in 12th- and 13th-
century France a flowering similar, in
the unity of its thought and the quality
of its life, to the great years of Greece.
Though the center and highest achieve-
ment of this flowering was in the Tle-de-
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France, it encompassed more than
France: the Gothic vision of the spirit
ranged from Ireland to Spain, from Syria
across the Black Sea and up the Russian
rivers to Scandinavia. Everywhere along
the routes of conquest and trade new
cities appeared. A new economic life
stirred, political unrest grew and, as
traderouteschanged, economics changed
with the change in the business ability
as well as the ideals of rulers. Cities
changed too. Mumford, with his empha-
sis on the moral and metaphysical, will
not admit these outside forces. He not
only denigrates the almost undeniable
evidence of these influences given by
the historian Henri Pirenne but also re-
jects as of minor consequence the effect
of the coming of gunpowder on the ac-
tual form of cities.

The Middle Ages, as Mumford well
points out, was an era of awakening
social consciousness among civic leaders.
In the ancient world social responsibility
was at best a fringe benefit; in Rome it
was totally absent. If Christianity was
responsible for the Inquisition, it was
also responsible for responsibility; if the
Church was obliged to save the heretic
willy-nilly from Hell’s fire, there was also
the responsibility of giving help to the
faithful here on earth. Mumford points
out that the guilds, in protecting their
own, were basically fraternal organiza-
tions with their roots in the Eleusinian
mysteries and older traditions; however,
he overlooks the fact that the feudal re-
lationship of lord and peasant was far
different from the relationship of master
and slave in that noblesse oblige was not
just a slogan. Out of this social con-
science came new civic needs: hospitals,
almshouses, housing for the aged, com-
munal halls, guildhalls—all new and
formative functions around which the
burghers could center their loyalty and
from which they could make common
cause against the enemy, whether king,
bishop, lord or foreigner. It was now that
the university made its formal appear-
ance, “and as the cloister and library of
the monastery might be called a passive
university, so the university might be
termed an active cloister.” The physical
forms tended to blend too, as Padua and
Oxford, the old Sorbonne and others still
testify. They provided a place for quiet
and meditation, a place, as Mumford
says, for “the practice of abstention and
prayerful withdrawal.” This we now
lack; not only do our cities not have such
places but apparently our homes do not
either: “Today, the degradation of the
inner life is symbolized by the fact that
the only place sacred from intrusion is
the private toilet.”
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Yet that puts us ahead of the Palazzo
Massimi and Versailles, of Blenheim, the
Winter Palace and the Escorial. Presum-
ably this accounts for the fact that the
13th century, which had cloisters and
sanitation, produced Thomas Aquinas;
thatthe 18th century, which had neither
cloisters nor sanitation, produced Vol-
taire; and that we, who have only sani-
tation, produce Norman Vincent Peale.

This is not irrelevant, for Mumford
believes that the development of The
City is closely related to the sexual and
fecal habits of the indwellers. That the
sanitation of the good old days was de-
plorable there is no doubt, as anyone
who has visited an “underdeveloped”
city knows. It takes corporate wealth,
organization and industrialization to cre-
ate sanitary services; our sanitary and
deplorable metropolises are the result.
There is, it seems, no silver lining with-
out a dark cloud. As for sex and The
City, they seem to go on together and
to be always new and wonderful for
those who can sing songs—in Greek, in
pig Latin, in today’s vernaculars.

The Middle Ages waned, the walls of
The City became earthworks, “boule-
varts.” The mental walls changed too.
Horizons widened across the ocean sea.
Still, the basic trauma and schizophrenia
remained; nothing changed.

Something must have changed, if only
the surtace of things. The transition from
the medieval city to the baroque city
is succinctly and brilliantly set forth in
“The New Urban Complex,” a section
of Mumford’s chapter “The Structure of
the Baroque Power.” “Baroque” is used
here not in the restricted sense of an
architectural style, nor even in the wider
sense as the end period of the Renais-
sance, but in the now generally accepted
sense of a period of political absolutism
that was distinguished by a characteris-
tic way of living, which is summed up
thus: “Beneath the superficial polish of
baroque upper-class manners there is
the constant threat of an ugly, coercive
discipline. These two qualities thread
through every aspect of baroque life,
even its luxury and folly.” The effect on
The City was profound; as in the Hel-
lenistic city, principles of order had not
become the means of ordering life, but
“life had become an instrumentof order.”

“As soon as baroque order became
widespread, uniform, and absolute,
when neither contrast nor evasion was
possible, its weaknesses lay revealed.
Clarification gave place to regimenta-
tion, openness to emptiness, greatness to
grandiosity.” Baroque life, as might be
expected, displayed similar defects:
“Power and pleasure, a dry abstract or-



LOCKHEED/ GEORGIA

Qualified Engineers and Scientists are invited

to write for information on opportunities here

INQUIRE

about openings in the fields of:

® DESIGN ENGINEERING

Mechanical, electrical & electronic, hydraulic, struc-
tural, landing gear, equipment, power plant.

® RELIABILITY ENGINEERING

Monitor pneumatic, hydraulic, propulsion, me-
chanical, electrical and electronic equipment and
component design, and design changes.

® VALUE ENGINEERING

Finishes and processes, castings and forgings, me-
tallic materials.

The above positions require a college degree
in Aeronautical, Mechanical, Electrical, Civil
or related engineering with significant aircraft
or missiles experience preferred.

@ PURE MATHEMATICS

MS or Ph.D. degree in pure mathematics strong in
theory and statistical application with ability to
develop, test and apply mathematical formulae to
aircraft reliability problems.

Combine work in an exciting professional environ-
ment with living in one of the finest cities in the
country.

For further information, write
Hugh L. Gordon, Professiona! Employment Manager
Lockheed Aircraft Corporation
837 West Peachtree Street
Atlanta 8, Georgia

All qualified applicants will receive consideration for employment
without regard to race, creed, color or national origin.

COPYRIGHT 1961
LOGKHEED
AIRCRAFT
CORPORATION

177

© 1961 SCIENTIFIC AMERICAN, INC



der and an effulgent sensuality, were the
two poles of this life. Mars and Venus
were the presiding deities, until Vulcan
finally cast his cunning iron net of utili-
tarianism over their concupiscent forms.”
This is just, as well as sharp, even if it
omits the counterpoising swell of re-
spect for humanity that began with
Montaigne, the passion of Rembrandt,
the voice of Donne. Mumford’s treat-
ment of the 18th century and the even-
tual merging of its basic principles of city
life and civic organization into the “eo-
technic” phase of early industrialism is
excellent. Therole of mechanization and
capitalist mercantilism is developed, and
the shift from the ownership of land to
the ownership of the means of produc-
tion is well brought out as a new source
of centralized power and abuse. The
theme provides him with the necessary
material for demonstrating that 19th-
and 20th-century cities are the culmina-
tion of the ancient trauma, now not only
schizophrenic but paranoiac as well. If
we are to be saved from ourselves, our
entire civilization must become other
than it is.

Indeed, the indictment Mumford
makes of the 19th century, the “paleo-
technic” period, is complete and damn-
ing. He continues the tirades of Friedrich
Engels and multiplies the angles of
wretchedness. In a brilliant summation
he writes: “At the very moment that
cities were multiplying in numbers and
increasing in size all through Western
civilization, the nature and the purpose
of the city had been completely forgot-
ten: forms for social life that the most
intelligent no longer understood, the
most ignorant were prepared to build.
Or rather, the ignorant were completely
unprepared, but that did not prevent
their building.”

Then, as Henry Adams foretold in his
astonishing little essay “The Rule of
Phase in History,” the dynamo took over.
The suffix “lithic” became obsolete; the
age of stone—of masonry—came to an
end. It is this transition that we find it so
difficult to adapt to in our cities and
our lives and that Mumford sees only as
schizophrenia. In pointing out the con-
sequences of our moral laxity his voice
becomes clear and compelling; the moral
issues are clear; there is a clear and pres-
ent danger. He sets down the fateful
choices we can make, must make, are
making, and shows where our continued
abuse of technical skill, our social blind-
ness and our political ineptness may
eventually lead us.

Like so many others, Mumford has
concerned himself almost exclusively
with the “great” cities: Rome, Paris,
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London, New York. They are the pace-
makers, but the smaller cities are the
conservers of values. It is the changes
they undergo that give the tone of civi-
lization as a whole; they are places like
Cleveland and Liverpool and Toulouse,
which are making haste slowly. There
are still other towns that are changing
hardly at all, serving as anchors, towns
like Slippery Rock, Chipping Brown-
stone and Brive-la-Gaillarde. What these
provincial cities and towns mean in the
history of cities is not to be found in The
City in History; their meaning is ex-
pressed in Balzac and Stendhal and Har-
dy and Mark Twain—to start early in the
last century and to note that the novelist
as social commentator, up to this very
moment, is a more valuable guide for
understanding the city than all the data
of the sociologists.

The provincial cities are of course the
nuclei of the new metropolitan regions
and it is their development and “renew-
al” that will bring back some measure of
balance to an urban scene that is dis-
located by the fixation on New York. We
are, I am convinced, on the threshold
of urban coagulation rather than urban
dissolution. Here Mumford’s discussion
of the basic theories of Ebenezer How-
ard and of Britain’s New Towns is some-
thing that every city planner should read
and ponder. Let him not be confused by
the exterior forms imposed by Le Cor-
busier, the needs of the automobile and
the vistas of the high-rise building. Let
him look, rather, at the New Towns
themselves, at the new groupings going
up all over the Continent and at the con-
tent and the ideal of what we are trying
to do here at home. It will be seen that
Howard’s humane theories have been as
fully expressed as those of the baroque
architect Leon Battista Alberti, which
are the source of Le Corbusier’s Procrus-
tean city designs. An unlikely marriage,
Howard and Le Corbusier, but it may
turn out to be a happy one.

We are doing much more that is ex-
perimental, and even more that is not
experimental, but it is still based mostly
on the kind of ignorance that Mumford
deplores. Yet I believe it is wrong, in
the long view, to be too disdainful of
the Levittowns and Park Forests, of
suburbia and urban sprawl. These are,
paradoxically, all direct evidence against
Mumford’s bitter onslaught on our “mar-
ket civilization,” its conformity, its dis-
regard of “life.” The so-called flight from
the city is a revolt against these very
things. Never mind that it has often been
a case of out of the frying pan into the
fire. The motive for leaving was, I re-
peat, revolt, an effort on the part of hun-
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dreds of thousands to find human values
for themselves and a desperate hope of
“something better for the children.” I
think that, in spite of the sociologists’
worries about suburban uniformity, a
vast majority of those who moved found
a good part of what they wanted. As has
often been noted, most nonconformists
want company for their nonconformity.

This is not to deny that a huge amount
of what was and is being built is po-
tential, and often immediate, slum. Here
is an advantage in our accustomed use of
wood and shoddy synthetics. When the
time comes, they will be easier to get rid
of than city tenements, thatch-roofed
hovels in the Cotswolds or the “pictur-
esque” slums of stone-built France.

My guess is that the next phase, in
30 years or so, will be that of “subur-
ban redivision” or “sprawl elimination.”
There will then occur the process of
“polynucleation,” to use one of Mum-
ford’s felicitous terms, on a base of much
sounder knowled ge than we have now of
the relationship between social well-
being and physical environment. We are
already seeking patterns for the city of
tomorrow. Never before has there been
such an effort to achieve “collective self-
knowledge.” Never before has there been
so much study of the city—social, politi-
cal, economic, demographic, geographic,
anthropological. It may even be that
there is too much of this, that there is
too great an accumulation of immedi-
ately obsolete data being processed, too
many pointless studies.

I think our task today is to combine
the order and clarity of the baroque city
with freedom for the growth of life. It
is no easy task. We have so little to go
on. It is hard to translate order and
humanism into the physical terms of a
dimly perceived social and business or-
ganization based on telecommunication.
This much we can grope for as an imme-
diate future. Beyond that we cannot
even grope, so fast is the pace of techni-
cal change and social evolution.

I cannot accept Mumford’s pessimism;
he takes Madison Avenue too seriously.
There has never been a time, even in
Athens, when there has been such an
outpouring of creative activity, when
life has been so full for so many. In the
arts, to be sure, this does not hold. The
arts have at least temporarily taken sec-
ond place to what is loosely called “sci-
ence.” It is in this area of creativity that
the Western world has been so amazing-
ly prolific: in medicine, physics, chemis-
try, biology, mathematics, even in such
tangential fields as anthropology and
archaeology. To assume that these con-
tributions, made by hundreds upon hun-
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dreds of gifted people, are not such vital
manifestations of the human spirit, of
the full living of life, as were the works
of art and the craftsmanship of other
periods is to completely misapprehend
the meaning of culture. That only the
artist or the craftsman or the tiller of the
soil can be a whole man is hardly reason-
able.

We are making colossal mistakes, to be
sure. It will not be easy to get rid of
Los Angeles, either as a visible or an
invisible city. Nevertheless, as the fail-
ures of today become understood, the
successes of tomorrow are assured. Mum-
ford points a way: “The city should be
an organ of love; and the best economy
of cities is the care and culture of men.”

Short Reviews

EINSTEIN ox PEack, edited by Otto
Nathan and Heinz Norden. Simon
and Schuster, Inc. ($8.50). Einstein,
first among the scientists of his genera-
tion, was a good, courageous and wise
man. Much has been said about the sim-
plicity and directness of his approach,
to both the problems of nature and of
society. He had his visions, but these
were only moments of a lifetime. No less
important was his modest way of pierc-
ing to the heart of complex things and
his quiet confidence in the trueness of his
insights. In the preface to this volume
Bertrand Russell reminds us that when
A. S. Eddington undertook to verify the
general theory of relativity by observ-
ing the solar eclipse of 1919, Einstein
was much less interested in the result
than Eddington was. This recalls the
story about a lady who told James Whis-
tler that she had seen Battersea Bridge
looking just as it did in one of his pic-
tures, to which Whistler replied: “Ah,
Nature’s coming on!” Einstein saw his
predictions about the physical world
confirmed; he also lived to see confirmed
his profound misgivings about peace and
the fate of mankind. The cause of peace
was always close to his heart. He had
the warmest human sympathy, the high-
est regard for individual liberty. He was
suspicious of nations and hated war.
From 1914 until his death in 1955 he
declared his beliefs and fought for them
with his gentle persuasiveness. In this
book are gathered his many utterances
on peace: addresses, letters and other
writings. He communicated with the
mighty, with famous men, with plain
men; always in the same tone, always
with respect, always with firmness, and
sometimes with a touch of humor or
irony which gave emphasis to his posi-
tion and refreshed the mind. One cannot
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help wondering whether, if he had had
an opportunity to do it over again, he
would have written his famous letter to
President Roosevelt that led to the mak-
ing of the atomic bomb. On April 11,
1955, the Israeli ambassador, Abba Eban,
called on Einstein in Princeton to dis-
cuss with him an address for television
and radio Einstein had offered to make
to celebrate the anniversary of Israel’s
independence. Within the next few days
Einstein had begun to draft this ad-
dress, but he was fatally stricken before
he could complete more than a page of it.
The very last paragraph he wrote de-
serves to be quoted: “In essence, the
conflict that exists today is no more than
an old-style struggle for power, once
again presented to mankind in semi-
religious trappings. The difference is
that, this time, the development of atom-
ic power has imbued the struggle with a
ghostly character; for both parties know
and admit that, should the quarrel de-
teriorate into actual war, mankind is
doomed. Despite this knowledge, states-
men in responsible positions on both
sides continue to employ the well-known
technique of seeking to intimidate and
demoralize the opponent by marshaling
superior military strength. They do so
even though such a policy entails the
risk of war and doom. Not one states-
man in a position of responsibility has
dared to pursue the only course that
holds out any promise of peace, the
course of supranational security, since
for a statesman to follow such a course
would be tantamount to political suicide.
Political passions, once they have been
fanned into flame, exact their victims. ...”
The last sentence was unfinished, as was
the work itself to which he had devoted
so much of his life.

AN OuTLINE OF EUROPEAN ARCHITEC-
+ X TURE, by Nikolaus Pevsner. Penguin
Books, Inc. ($30). This is the sixth edi-
tion of a work by a foremost historian of
architecture which covers the subject
from the Temple of Neptune in Paestum
(ca. 560 B.c.) to Roehampton, a British
housing development completed in
1959. The Outline began modestly in
1943 as a Pelican Book of 159 pages with
32 pages of illustrations, costing nine-
pence. In this dress it thrived, fattened,
passed through five paper-backed edi-
tions, was widely read and highly
praised. Now in its “Jubilee Edition,” it
is a splendid thing, as traceable to its
origins as an oak to an acorn and almost
as different. It is handsomely bound, se-
curely boxed, beautifully illustrated with
more than 600 plates of the highest
photographic quality, and its price
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(neither unreasonable nor inconsider-
able) is now more than 150 times that of
the nine-penny ancestor. Thus the buy-
ers are bound to be fewer than the buyers
of the earlier editions, but whoever does
buy will be delighted. This remains by
tar the best summary of its kind: a skill-
ful matching of text and pictures, a lucid,
thoughttul and lively sweep of the build-
ing art, of changes in style and taste,
of historical and social influences ex-
pressed in churches, railroad stations,
palaces, town halls, theaters, libraries,
entrance halls, office buildings, private
homes, schools, spires, mosques, castles,
city walls, choirs, sacristies, roofs, tow-
ers, domes, hospitals, courtyards, clois-
ters, decorations, tombs, chapels, altars,
windows, porches, columns—in short, a
panorama of examples of “spatial expres-
sion,” though not of the bicycle shed or
the humble cottage.

N)APTIVE CoNTROL PROCESSES: A
+ X Guipep Tour, by Richard Bellman.
Princeton University Press ($6.50). A
series of lectures which attempt a unified
approach to control theory and seek to
provide a technique for making various
problems amenable to machine solution.
Feedback control, dynamical systems,
decision processes and dynamic pro-
graming, boundary-value problems, se-
quential machines and the synthesis of
logical systems, uncertainty and ran-
dom processes, adaptive processes, sto-
chastic control processes, theory of
games and pursuit processes, communi-
cation theory—all are within the author’s
net. Bellman is more than a good mathe-
matician; he has humor, verve and
style, all of which, unlikely as it may
seem, he applies to these topics.

JAxE’s ALL THE WORLD'S AIRCRAFT:
1960-1961, compiled and edited by
John W. R. Taylor. McGraw-Hill Book
Company, Inc. ($35). The airplane may
be dying but its studbook gets bigger.
The parent group, to be sure, is becom-
ing extinct, but the offspring are more
varied than ever, competing fiercely for
survival and adapting to swiftly chang-
ing conditions. Among the newer forms
are an aircraft that will cruise for hours
at three times the speed of sound, aerial
nuclear-power plants, vehicles in which
astronauts will be sent to orbit the earth
at 18,000 miles per hour and a British
airliner which will be able to carry 212
passengers across half the world in a
day. Serving the older spirit, when men
simply dreamed of flying and touching
the clouds, are a British man-powered
airplane with a total weight of 74 pounds,
an Ilyin ornithopter with a three-horse-
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SCIENTIFIC
RUSSIAN READER

Compiled by Nina Syniawska. Origin-
al articles in Russian, selected from cur-
rent Soviet scientific periodicals to pro-
vide a transition from Russian scientific
textbooks to actual Soviet scientific litera-
ture. $5.00
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New York 27, N. V.
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power piston engine and an ornithopter
designed by Herman Rybnikov that has
flapping wings resembling those of an
insect. These craft can fly, are noncarniv-
| orous and would have pleased Leonardo
da Vinci.

JANE’S Ficurine Surps: 1960-1961,
compiled and edited by Raymond
V. B. Blackman. McGraw-Hill Book
Company, Inc. ($35). The 63rd edition
of this standard work keeps up with the
happy state of the world. Ship data, ref-
erence tables, specialized notes have
been revised and amplified to take
cognizance of new species and modified
old species; 470 new illustrations are
included, making a grand total of more
| than 2,500 photographs and scale draw-
lings. A battleship isn’t a battleship
| any more, nor a cruiser a cruiser nor a
destroyer a destroyer. Guided-missile
| platforms are the thing. Killing is still the
purpose but now there are attack ships,
command ships, assault ships, support
ships, “deterrent” ships, commando
ships, task ships, antisubmarine-warfare
ships, amphibious-warfare ships, early-
[ warning ships, antiaircraft ships, air-
| craft-direction ships, amphibious-force
flagships, submarines, submersibles of
other categories, and so on and on. This
is not the world of Water Babies, but it
is very real.

HE ENcycLopeDIA OF SExuAL BE-

HAVIOR, edited by Albert Ellis and
Albert Abarbanel. Hawthorn Books, Inc.
($30). A sane and civilized work, many
articles of which are of compelling in-
terest. It covers important aspects of the
biology, physiology and anatomy of sex;
it deals with emotional, psychological,
historical and anthropological questions.
There are, among others, articles on
abortion, sexual abstinence and the sex
life of Africans; on censorship, aphro-
disiacs, coitus, divorce, frigidity, music
and sex, marriage laws and impotence;
on illegitimacy, orgasm, homosexuality,
sexual dynamics in contemporary dance,
perversions, transvestitism, venereal dis-
ease, sex and literature, extramarital sex
relations, eugenics, the menstrual cycle,
jealousy, psychoanalysis, prostitution,
the art of loving, the sense of smell and
sex, sex in the U.S.S.R. The articles,
even those on the most controversial
issues, are marked by honesty and re-
freshing candor in a field whose litera-
ture is often marred either by absurd
euphemisms, hypocritical respectability
or prurience. While the encyclopedia
has its shortcomings, it is by far the best
available survey of its kind, and many
professionals and specialists in different
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fields, as well as plain readers, will be
properly grateful that such a book exists
to guide and enlighten them.

PIIYSICS AND ARCHAEOLOGY, by M. J.
Aitken. Interscience Publishers, Inc.
($6). A description of some of the ways
physics has been applied to archaeology:
magnetic location, resistivity surveying,
mine detectors, radiocarbon dating,
magnetic dating, analysis of materials
by spectrometry. To cite one interesting
example: the sensitive proton magnetom-
eter will pick up the magnetism of
baked clay and other burned structures
which are apt to be found on many
archaeological sites. The book discusses
the equipment itself, the way it is used
and the results which have been ob-
tained. Illustrations.

SHORT History ofF TECHNOLOGY,
by T. K. Derry and Trevor I. Wil-
liams. Oxford University Press ($8.50).
An attractively illustrated survey for the
general reader and students covering
the development of technology from the
earliest times to 1900. Williams was one
of the editors of the well-known five-
volume History of Technology (re-
viewed in these columns as the volumes
appeared ), and this book is admittedly
based upon the larger work; it is not,
however, an abridgement. It is, rather, a
work designed for a different audience
and with greater emphasis on the rela-
tion in each period of technology to con-
temporary historical circumstances. A
useful book, but it is a pity no attempt
was made even to summarize the main
revents after 1900.

THE CeLL: BiocHEMISTRY, PHYSIOL-
oGY, MorpHOLOGY, edited by Jean
Brachet and Alfred E. Mirsky. Academic
Press Inc. ($38). These two volumes
dealing with specialized cells complete
a five-volume treatise of up-to-date
knowledge in the many active fields of
cell research. Among the topics treated
in the final installments are viruses, the
organization of bacteria, protozoa, in-
tracellular parasitism and symbiosis, the
neuron, the structure of photoreceptors,
muscle cells, gland cells, kidney cells,
blood cells, pigment cells, bone and car-
tilage, cancer cells. Illustrations and ex-
tensive references to the literature.
N ATHEMATICAL HANDBOOK FOR Sci-
L ENTISTS AND ENGINEERs, by
Granino A. Korn and Theresa M. Korn.
McGraw-Hill Book Company, Inc.
($20). A reference collection of mathe-
matical definitions, theorems and for-
mulas for the use of scientists, engineers
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research in a unique environment

The scientists of Aerospace Corporation’s Laboratories are in the fore-
front of research in the space sciences. They provide broad scientific
leadership to the scientific-industrial team developing space systems and
ballistic missiles. With the advantages of stable funding and a stimulating
environment, Aerospace Corporation scientists are conducting basic and
applied research and experimental investigations on a broad spectrum
of problems selected by staff members on the basis of their intrinsic
scientific interest, as well as on problems arising directly from space sys-
tems in development. Their singular role within this leadership group
installs the scientists of Aerospace Corporation in a position to make real
progress toward advancing the space sciences. Now, as new areas of
research are being considered, more men of high caliber are needed.
Such men who hold advanced degrees are urged to direct their inquiries
and resumes to Mr. George Herndon, Aerospace Corporation, Room 120,
P. O. Box 95081, Los Angeles 45, California.

Organized in the public interest and dedicated to providing objective leadership
in the advancement and application of space science and
technology for the United States Government.

AEROSPACE CORPORATION
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Svstems

This world-wide communication network will help Strategic
Air Force leaders exercise command and control almost in
response to events of the moment. Yet the forces involved are
dispersed throughout the world, the volume and complexity
of information unprecedented. § The SAC Control System
will be a product of the new technology of automated infor-
mation processing assistance. We have helped create this new
technology, beginning with our work on SAGE. In projects
such as SAACS and SAGE, we perform system analysis,
information processing system design, and training of per-
sonnel in system use. And as a continuing effort, we carry
on research into future generations of these control systems.

3 L]
hat l'll'._'Tlul-I!i['!] ke

Scientists and engineers interested in joining an interdiscipli-
nary approach to system development are invited to inquire
about our rapidly expanding efforts. Positions are open for
Operations Research Scientists, Computer Programmers,
Engineers, Human Factors Scientists at our Santa Monica,
California, Lexington, Massachusetts, Washington, D. C.,
and Paramus, New Jersey facilities. Please ‘

address Mr. R. L. Obrey, SDC, 2430 4
Colorado Avenue, Santa Monica, Cali- ,/5‘[-":\
fornia. All qualified applicants will receive SYSTEM
consideration for employment without re- DEVELOPMENT
gard to race, creed, color or national origin. CORPORATION

The globe shown is the Dymaxion projection by R. Buckminster Fuller. It depicts the spherical world as a flat surface with a minimum of distortion.
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and students. The material is so arranged
that each chapter can also be used as a
rapid review text (though no proofs
are given) of a given mathematical sub-
ject. Ilustrations, references and bibliog-
raphies.

Notes

Tae Future oF Man, by P. B.
Medawar. Basic Books, Inc. ($3). The
1959 Reith Lectures (presented by the
British Broadcasting Corporation) by a
brilliant British zoologist, mainly con-
cerning the effect on man of evolutionary
forces interacting with his own actions:
intelligent, stupid, humane, destructive.
Very palatable and illuminating.

THE WANDERING SCHOLARS, by Helen
Waddell. Anchor Books ($1.45). A pa-
per-backed reissue of the sixth edition of
Helen Waddell’s lovely book which de-
scribes the life and art of the lyric poets
of the Latin Middle Ages and presents
a full selection, in the original and in
translation, of the heritage of Latin
song they left behind.

Tais Is THE AMERICAN EARTH, by
Ansel Adams and Nancy Newhall. Sierra
Club ($15). A series of magnificent
Adams photographs—landscapes, wild-
life, mountains, cities, rivers, lakes,
waterfalls—together with a somewhat
purplish plea by Nancy Newhall, for-
merly of the Museum of Modern Art, on
behalf of conservation. Regardless of the
text, this is a stunning volume.

THE READER'S ADVISER AND BooOk-
MAN'S Manvar, edited by Hester R.
Hoffman. R. R. Bowker Company
($15). The ninth edition of a guide to
fiction, biographies, dictionaries, ency-
clopedias, bibles, classics, drama, poetry,
science, philosophy and travel history. A
serviceable book but, so far as its science
coverage is concerned, one that is full
of blind spots.

Sources oF CHINESE TRADITION, com-
piled by Wm. Theodore de Bary, Wing-
tsit Chan and Burton Watson. Columbia
University Press ($7.50). As an intro-
duction to the background of contem-
porary civilization in China, the authors
present translations from Chinese
sources illustrating Chinese thought
since earliest times. |

THE RoTaTiON OF THE EARTH, by |
Walter H. Munk and Gordon J. F. Mac- :
Donald. Cambridge University Press |
($13.50). A geophysical essay which |

examines the nature and causes of cer- | ==

A bold approach toward novel techno-
logical ideas forms the basis for growth
at Sanders Associates, Inc.

Starting with 11 engineers and an initial
order of $117.00 just 10 years ago, the
Company now employs over 1900 people
and has a current contract backlog in
excess of $50 million.

Interim achievements have included
PANAR® radar, TRI-PLATE® micro-
wave products and FLEXPRINT® flexi-
ble printed circuits —all evidence of the
advanced thinking and original-concept
philosophy practiced by Sanders
engineers.

Several technical breakthroughs in ad-
vanced weapons programs are expected
to move from development to produc-
tion in the near and long-range future.
New prime contracts for development

include space communications, space-
craft radar and relay satellite electronic
systems for military and commercial use
in world-wide communications and
outer-space TV links. A $2 million rise
in FLEXPRINT sales is expected
through use of newly developed auto-
mated machinery to increase production
capacity. No more than 15% of output
is represented by a single order, and
Sanders hopes ultimately for a 50-50
military-commercial balance.

With the opening of 2 new plants late
in 1960, Sanders is experiencing the
greatest growth in its history this year.
Opportunities are available here now for
Engineers — particularly those with a
background in transistorized circuit de-
sign and analytical systems — with the
ability to contribute top level thinking
to advanced programs. Please address
resumes to R. W. McCarthy.

All qualified applicants will receive consideration for employ-
ment without regard to race, creed, color, or national origin.

‘lj; SANDERS ASS0OCIATES, INC.

_L

NASHUA, NEW HAMPSHIRE

®Reg. U.S. Trade Mark

by FRANCIS J. MURRAY Designed for scientifically-trained indi-

viduals in every field, this exhaustive work reflects the vital contribution
of mathematical machines to science and technology.

VOLUME | discusses the basic principles of digital computers, stressing
fundamental ideas rather than engineering detail. It considers such devices
as registers, counters, adding machines, automatic calculators, punched
card machines and automatic sequence calculators.

VOLUME Il examines three categories of machines which use the prin-
cipal of analogy. Continuous computers and true analogs are covered in
the first two parts, while the third presents procedures and designs per-
mitting relatively simple devices to accomplish advanced computations.

Vol. 1, $12.50; Vol. 11, $17.50; The set, $30.00

*

At all
bookstores

COLUMBIA UNIVERSITY PRESS
2960 Broadway, New York 27, N. Y.
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Just published
THE CILIATED PROTOZOA

Characterization,
Classification and Guide

to the Literature

INTERNATIONAL SERIES OF MONOGRAPHS ON PURE
AND APPLIED BIOLOGY: ZOOLOGY DIVISION,

VOLUME 7
by JOHN O. CORLISS

This authoritative book contains a comprehen-
sive classification of the ciliated protozoa,
based on new facts and a revised interpretation
of older data, with precise characterizations of
the major included groups. It offers an up-to-
date, annotated compilation of all the genera
and families of ciliates, critically fitted into the
new scheme of classification and it surveys and
brings together all the significant literature on
ciliates, not only taxonomic and morphological
but also physiological, experimental and genet-
ic in nature. $12.00

Also available
IMPLICATIONS OF EVOLUTION

INTERNATIONAL SERIES OF MONOGRAPHS ON PURE
AND APPLIED BIOLOGY—ZOOLOGY DIVISION, UME 4

by G. A. KERKUT

This volume examines the problem of the evolu-
tion and inter-relationships of the basic Imng
stock, and differs from most other books in this
field in that it takes up a critical attitude to-
wards the doctrine that all animals have been
evolved from one erstwhile unique living source.
Dr. Kerkut examines the concept of Biochemical
Unity and the inter-relationships of the major
living groups and discusses the attempts that
have been made to derive the various groups
from one another. The student should find of

particular interest the sections on ''The most
primitive Protozoa', ''The origin of the Meta-
z0a'', and ''Evolution of the Horse''. $5.00

UNITY AND DIVERSITY
IN BIOCHEMISTRY

An Introduction to Chemical
Biology

INTERNATIONAL SERIES OF MONOGRAPHS ON PURE

AND APPLIED BIOLOGY MODERN TRENDS IN PHYSIO-

LOGICAL SCIENCES DIVISION VOLUME 1
by MARCEL FLORKIN

UNITY AND DIVERSITY IN BIOCHEMISTRY
provides a general biochemical introduction to
biology, not only for biologists but also for
those readers wishing to acquire a knowledge
of a specialized field of biochemistry—such as
medical or agricultural biochemistry. The read-
er is encouraged to think about general bio-
logical problems in terms of biochemistry. 10.00

BIOLOGICAL ORGANISATION
Cellular and Sub-Cellular

Edited by C. H. WADDINGTON

BIOLOGICAL ORGANISATION contains the
proceedings of a Symposium organised on be-
half of U.N.E.S.C.O., and held at Edinburgh
University. It covers matters relating to tissues,
cells and sub-cellular components, and enters
very little into the chemical field. The book
starts with the smallest functional units of cells
and works up towards the larger units, finishing
with the consideration of ﬂssue-inferacﬁon;.

12.50
THE BIOLOGY OF STENTOR
A Study of Intracellular

Organization

INTERNATIONAL SERIES OF MONOGRAPHS ON PURE
AND APPLIED BIOLOGY: ZOOLOGY DIVISION,

UME 5
by VANCE TARTAR

This outstanding volume summarizes and cor-
relates all that is known about a certain group
of unicellular organisms, ciliate protozoa of the
genus Stentor. Teachers will find in this work
complete instructions for the collection, culture,
and demonstration of a type which may well
become a classic example of the structure and
behavior of unicellular forms of life. $12.00

Catalog of books on Biochemistry, etc. free on request

2 PERGAMON PRESS
7 122E.55thSt.,,New York 22,N.Y.
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tain observed irregularities in the rota-
tion of the earth, irregularities which are
a nuisance to the astronomer but which
the geophysicist turns into an asset.

TurNiNG PoinTs IN PHysics, by R. .
Blin-Stoyle and others. Harper Torch-
books ($1.45). This book, consisting of
lectures given at Oxford in 1958, was
reviewed in these columns two years ago.
A few of the lectures, for example the
one by K. Mendelssohn, are of uncom-
mon merit, and it is agreeable to have
this volume available in an inexpensive
reprint.

IDENTITY AND ANXIETY, edited by
Maurice Stein, Arthur J. Vidich and
David Manning White. The Free Press
of Glencoe, Illinois ($7.50). Who we are
and what we are and how modern
Western society confuses our answers to
these questions is the subject of this col-
lection of writings by sundry students,
among them Erik Erikson, C. Wright
Mills, I. A. Richards, Karl Jaspers and
Frieda Fromm-Reichman. A disturbing
and interesting book.

PuL ELiva, by E. R. Leach. Cam-
bridge University Press ($8). A study
of land tenure and kinship in a village
in the north central provinces of Ceylon,
an area where habitation is possible only
with the help of elaborate irrigation sys-
tems which have been in use since an-
cient times.

ANATOMY OF THE MONOCOTYLEDONS:
GraMINEAE, by C. R. Metcalfe. Oxford
University Press ($13.45). This volume
devoted to the grasses covers more than
400 species and presents information on
general morphology and anatomy as well
as the significance of histological details
in grass classification.

MATHEMATICS, QUEEN AND SERVANT
oF ScIENCE, by E. T. Bell. McGraw-Hill
Book Company, Inc. ($2.50). An inex-
pensive reissue of Bell’s lively account
of major developments in pure and ap-
plied mathematics. A most readable
book, as was everything that came from
the pen of the late professor of mathe-
matics at the California Institute of
Technology.

Emice DurkHEDM: 1858-1917, edit-
ed by Kurt H. Wolff. Ohio State Uni-

versity Press ($7.50). A collection of
essays about the greatest of French so-
ciologists, describing his contributions
to a variety of disciplines. Also included
are translations of several of Durkheim’s
essays previously unpublished.
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A DECADE OF PROGRESS INENGLISHLANGUAGE COMPILERS

*COmmon Business Oriented Language

© 1961 SCIENTIFIC AMERICAN, INC

The establishment of full com-
puter compatibility by means
of a common programming
language s a major step for-
ward. COBOL* presently sus-
tains 90% compatibility and
can reasonably be expected to
attain100%:znthenear future.
COBOL considerably eases the
problems of learning, using,
and teaching an English-
language system that’s digest-
tble by all computers.

Remington Rand Univac®
Jrst explored the practicality
of a humanly understandable
computer language in 1952,
with A-2. Four years later
this system evolved into
FLOW-MATIC — the first
business-oriented language.
With the establishment of
CODASYL in 1959, Univac
programmers, calling on their
experience with A-2 and
FLOW-MATIC, were able to
contribute substantially to the
success of COBOL.

COBOL derived from many
sources, but the contributions
made by Univac are signifi-
cant. English-language pro-
gramming is just one of the
many “firsts” contributed to
the data processing industry
by Univac. Producer of a
complete line of data process-
ing computers and punched
card systems, Univac Division
has its headquarters at 315
Park Avenue South, New
York City, and Engineering
Centers at St. Paul, Minne-
sota; Philadelphia, Pa.; and
Norwalk, Conn.

UNIVAC

nnnnnnnnnnnnnn MY RAND CORBPORATION

189



BIBLIOGRAPHY

Readers interested in further reading
on subjects covered by articles in this
issue may find the lists below helpful.

THE CENSUS OF 1960

THE CHANGING POPULATION OF THE
UnNITED STATES. Conrad Taeuber and
Irene B. Taeuber. John Wiley & Sons,
Inc., 1958.

HistoricaL StaTisTICS OF THE UNITED
StaTes, CorLoniaL TiMmEs to 1957.
U. S. Government Printing Office,
1960.

THE PorurLaTiION OF THE UNITED
StaTtes. Donald J. Bogue. The Free
Press of Glencoe, Illinois, 1960.

PopurLaTtion PerspEcTIVEs. Philip M.
Hauser. Rutgers University Press,
1961.

THE MUON

ACCURATE DETERMINATION OF THE ™
MacNETIC MOoMENT. R. L. Garwin,
D. P. Hutchinson, S. Penman and
G. Shapiro in The Physica’ Review,
Vol. 118, No. 1, pages 271-283; April
1, 1960.

THE EXPERIMENTAL STATUS OF THE
WEAK INTERACTIONS OF NON-STRANGE
ParTicLEs. V. L. Telegdiin Proceed-
ings of the 1960 Annual International
Conference on High Energy Physics
at Rochester, pages 713-725; 1960.

MEASUREMENT OF THE ANOMALOUS
MAGNETIC MOMENT OF THE MUON.
G. Charpak, F. J. M. Farley, R. L.
Garwin, T. Muller, J. C. Sens, V. L.
Telegdi and A. Zichichi in Physical
Review Letters, Vol. 6, No. 3, pages
128-132; February 1, 1961.

THE ARTIFICIAL KIDNEY

THE ArTIFICIAL KIDNEY. John P. Merrill
in The New England Journal of Medi-
cine, Vol. 246, No. 1, pages 17-27;
January 3, 1952.

HemobpiaLysis, AN EFFECTIVE THERAPY
FOR ACUTE BARBITURATE POISONING.
Leonard B. Berman, Harold J. Jeghers,
George E. Schreiner and Arthur J.
Pallotta in The Journal of the Ameri-
can Medical Association, Vol. 161,
No. 9, pages 820-827; June 30, 1956.

O~ THE REMOvVAL OF DIFFUSIBLE SuUB-
STANCES FROM THE CIRCULATING
Broop ofF LivinG ANimaLs BY Di-
aLysis. II: Some CONSTITUENTS OF
THE Broop. John J. Abel, Leonard G.

190

Rowntree and B. B. Turner in The
Journal of Pharmacology and Experi-
mental Therapeutics, Vol. 5, No. 6,
pages 611-623; July, 1914.

THE Use OoF THE ARTIFICIAL KIDNEY IN
THE TREATMENT OF UREMIA. John P.
Merrill in Bulletin of the New York
Academy of Medicine, Vol. 28, No. 8,
pages 523-531; August, 1952.

WEATHER SATELLITES

CLoup PICTURES FROM SATELLITE
Tros I. S. Fritz and H. Wexler in
Monthly Weather Reviéiw, Vol. 88,
No. 3, pages 79-87; March, 1960.

CLoup STRUCTURE OF AN OccLUDED Cy-
CLONE OVER THE GULF OF ALASKA AS
Viewep BY Tiros 1. J. S. Winston
and Lloyd Tourville in Bulletin of the
American  Meteorological ~Society,
Vol. 42, No. 3, pages 151-165;
March, 1961.

SATELLITE PicTurgs oF A Cut-oFF Cy-
CLONE OVER THE EASTERN Pacrric.
J. S. Winston in Monthly Weather Re-
view, Vol. 88, No. 9-12, pages 295~
314; September—December, 1960.

Tmros I OBSERVATIONS OF ICE IN THE
GuLF oF ST. LAWRENCE. D. Q. Wark
and R. W. Popham in Monthly
Weather Review, Vol. 88, No. 5,
pages 182-186; May, 1960.

Tiros ReveaLs CrLoup FormMATIONS.
Harry Wexler and Sigmund Fritz in
Science, Vol. 131, No. 3415, pages
1708-1710; June 10, 1960.

HORMONES AND SKIN COLOR

Tae CHEMISTRY OF Prtuitary PoLy-
PEPTIDE HorMoONEs. Ieuan Harris in
British Medical Bulletin, Vol. 16, No.
3, pages 189-195; September, 1960.

EFFECT OF ALPHA- AND BETA-MELA-
NOCYTE STIMULATING HORMONES ON
THE SKIN COLOUR or MAN. Aaron B.
Lerner and Joseph S. McGuire in
Nature, Vol. 189, No. 4760, pages
176-179; January 21, 1961.

THE MELANOCYTES OF MaMmmaLs. R. E.
Billingham and Willys K. Silvers in
The Quarterly Review of Biology,
Vol. 35, No. 1, pages 1-40; March,
1960.

PicMmeENT CELL REGULATORY FACTORS.
Aaron B. Lerner and James D. Case
in supplement to The Journal of In-
vestigative Dermatology, Vol. 32, No.
2, pages 211-221; February, 1959.

ANIMAL PSYCHOPHYSICS
DARK ADAPTATION IN THE PiGEON. Don-

ald S. Blough in The Journal of Com-
parative and Physiological Psycholo-

© 1961 SCIENTIFIC AMERICAN, INC

gy, Vol. 49, No. 5, pages 425-430;
October, 1956.

Errect oF Lysercic Acip DIETHYLA-
MIDE ON ABSOLUTE VISUAL THRESH-
oLD OF THE PiGeon. Donald S.
Bloughin Science, Vol. 126, No. 3268,
pages 304-305; August 16, 1957.

A MEeTHOD FOR OBTAINING PsycHoO-
PHYSICAL THRESHOLDS FROM THE PI-
GEON. Donald S. Blough in Journal
of the Experimental Analysis of Be-
havior, Vol. 1, No. 1, pages 31-43;
January, 1958.

SPECTRAL SENSITIVITY IN THE PIGEON.
Donald S. Blough in Journal of the
Optical Society of America, Vol. 47,
No. 9, pages 827-833; September,
1957.

SUPERCONDUCTING COMPUTERS

SuperconpucTING Circurts. D. R.
Young in Progress in Cryogenics, Vol.
1, pages 3-31; 1959.

SupErRcONDUCTIVE TECHNIQUES. Twen-
ty-three papers presented at the
Symposium  on  Superconductive
Techniques for Computing Systems.
Solid-State Electronics, Vol. 1, No. 4;
September, 1960.

SupErRcONDUCTIVITY.  D. Shoenberg.
Cambridge University Press, 1952.

SuperrLUIDS. Vor. I: Macroscoric
THEORY OF SUPERCONDUCTIVITY. Fritz
London. John Wiley & Sons, Inc.,
1950.

AIR-CONDITIONED
TERMITE NESTS

DweLLERs IN DarknEss. S. H. Skaife.
Longmans, Green & Co., Inc., 1956.

Our EnNEmy THE TERMITE. Thomas
Elliott Snyder. Comstock Publishing
Co., Inc., 1948.

TerMITES: THEIR RECOGNITION AND
ConTtrOL. W. V. Harris. Longmans,
Green & Co., Inc., 1961.

MATHEMATICAL GAMES

Boarp AND TABLE GAMES FROM MANY
CuwviLizations. R. C. Bell. Oxford
University Press, 1960.

Harma. Professor Hoffman (Angelo J.
Lewis) in The Book of Table Games,
pages 604-607. George Routledge
and Sons, Ltd., 1894.

THE AMATEUR SCIENTIST

PaPpER  CHROMATOGRAPHY. Friedrich
Cramer. Macmillan & Co., Ltd., 1954.

Pracrtica. CHrOMATOGRAPHY. R. C.
Brimley and F. C. Barrett. Reinhold
Publishing Corporation, 1953.



JOHNSON'S

"WORLD'S LARGEST MANUFACTURER

OF WAX POLISHES”

Hiational’ 304 Data Processing System

has proved to be a highly profitable investment!”
—S. C. JOHNSON & SON, INC., Racine, Wisconsin

“The National 304 enables us to know
today where we are today. For example,
we can now bill customers on the same
day items are shipped from warehouses
anywhere in the United States. This
has enabled us to pick up working cap-
ital equivalent to three days’ sales—an
important saving.

“We can now take action today on
inventory requirements based on last
night’s actual inventory and unfilled
orders position. As an initial result, we
have reduced finished inventories by
109%,, with the potential of greater re-
ductions in the near future.

“Our manufacturing and production
scheduling are now more closely coor-
dinated with sales needs than ever be-
fore. And, our field warehouses are
stocked more intelligently, enabling us
to serve our customers better.

“Fundamentally, the National 304
has given us faster and more accurate
control over sales efforts, production,
inventory, credit, and customer billing.
It has sharpened management reflexes,
enabled us to harness data in time to
be used most profitably, and meets our
demands for the factual data necessary
to make management decisions in time

“Leading manufacturer of wax polishes and other
fine products for home, industry and agriculture.”

THE NATIONAL CASH REGISTER COMPANY, payton 9, Ohio

1039 OFFICES IN 121 COUNTRIES o 77 YEARS OF HELPING BUSINESS SAVE MONEY
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to be most effective.

“At this stage of our installation
progress it is difficult to assign a defi-
nite money value to all these advan-
tages. However, we know their value
represents a highly profitable return on
our investment.”

ey 1 Loy

President
S. C. Johnson & Son, Inc.

* TRADEMARK REG. U.S. PAT. OFF.

FLECTRONIC DATA PROCESSING
ADDING MACHINES « CASH REGISTERS
ACCOUNTING MACHINES « NCR PAPER
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From March 10 to May 10, 1961,
JPL’s Deep Space Instrumentation Fa-
cility at Goldstone, California, conducted
an important radar bounce experiment
directed at the planet Venus and hun-
dreds of hours of scientific data were
collected. The results obtained helped
establish the United States as the leader
in the new science of planetary radar
astronomy.

Priorto this experiment,the Astronom-
ical Unit (AU) contained an uncertainty
factor of 60,000 miles which JPL
scientists have now been able to reduce

%&7@6&5’... from VVenus

t0 1,000 miles—possibly 100 miles—as
one of the results of this effort.
Establishing a more accurate value for
the AU will enable JPL to measure the
exact distance to Venus prior to the
launching of the first U.S. Venus probe.
One of the most important conclu-
sions to be drawn from this successful
experiment is the knowledge that we
can now design a planetary radarobserv-
atory capable of almost continuous
surveillance of Venus, Mars, Mercury
and Jupiter. Therefore, March 10, 1961
marks the beginning of a new erain
space technology and exploration.

This scientific accomplishment is only one of the many research
programs in progress at JPL under its space exploration responsibility to
NASA. These extensive investigations into the science and technology
of the space environment offer real and stimulating incentives to un-
inhibited scientists and engineers with searching minds. JPL needs
such men, who look forward to rewarding careers in this uncharted field.

Resumes and inquiries directed to A. S. Locke, Manager of Profes-
sional Placement, will receive immediate attention.

CALIFORNIA INSTITUTE OF TECHNOLOGY

JET PROPULSION LABORATORY

PASADENA, CALIFORNIA
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Look to PARSONS for PERFORMANCE...in ELECTRONICS

Parsons Electronics is engaged in the research, development, and manufacture of systems
and components for military and commercial applications. Current areas of activity include:
Systems Engineering | Instrumentation [ Distance Measuring Equipment [ Telemetry Systems [
Petroleum Automation | Marine Communications [ Components.

Your inquiry will receive prompt attention...let Parsons solve your problems efficiently
and economically by providing TOTAL CAPABILITY — SINGLE SOURCE RESPONSIBILITY.

LOS ANGELES
LONDON

NEW YORK

THE RALPH M. PARSONS COMPANY |

' ' / . ELECTRONICS DIVISION omEn
g[fr0”l€s THROUGHOUT

151 De Lacey Avenue, Pasadena, California o ———

WORLD WIDE SERVICES: APPRAISALS AND ECONOMIC STUDIES + ARCHITECT-ENGINEERING « CONSTRUCTION « ELECTRONIC SYSTEMS AND COMPONENTS « MINING AND METALLURGICAL
ENGINEERING « PERSONNEL TRAINING « PETROLEUM-CHEMICAL ENGINEERING ¢« PETROLEUM PRODUCTION SYSTEMS « PLANT OPERATION « POWER PLANT ENGINEERING
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Triga Around The World . . . 24 Triga nuclear reactors have been placed in use or soon will be operating on five
continents . . . including Mark-F pulsing reactors for studies of high intensity radiation effects. The standard Triga
reactors for training, research and isotope production are now available in new higher power ratings—the logical
result of the ultra-safety of T'riga’s uranium-zirconium hydride core with its prompt negative temperature coefficient.

GENERAL DYNAMICS
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