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Leaders. .. for tomorrow

* What greater or better gift can we offer the republic than to teach and instruct our youth? "%

“SHOULD | GO TO COLLEGE?" That all-important
question is in the minds of many high school students.
That they find the right answer is equally important
to every one of us . . . and to the future of America.

GREAT GAINS TO YOUTH have been accomplished
through education. Still, four out of five of our young
people do not go to college. Some of these may have a
spark of genius, or leadership talent, that will be wasted
through lack of educational opportunity.

400 UNION CARBIDE SCHOLARSHIPS have been
provided for through The Union Carbide Educational
Fund to encourage able and deserving students toward
successful careers in business. Scholarships are now
open without special restrictions—through 45 selected
liberal arts colleges and technological institutes—to all

LINDE Oxygen
PYROFAX Gas
PREST-O-LITE Acetylene

EVEREADY Flashlights and Batteries
SYNTHETIC ORGANIC CHEMICALS
ELECTROMET Alloys and Metals

—————— UCC’s Trade-marked Products include

NaTtioNAL Carbons
PRESTONE Anti-Freeze
HAYNES STELLITE Alloys

students of high schools and preparatory schools.

THE PEOPLE OF UNION CARBIDE hope you, too—
as you think of the future for your children and other
deserving American youth—will do everything you can
to encourage their ambitions for adequate education.
Also, that you will join in giving co-operation and en-
couragement to those who guide and teach them.
TO LEARN MORE about the Union Carbide scholarships,
their purposes, and the colleges, institutes, and universities in
which they have been established, write for booklet Q.

*Cicero

UnitoN CARBIDE

AND CARBON CORPORATION
30 EAST 42ND STREET [ NEW YORK 17, N.Y.
In Canada: UN1ON CARBIDE CANADA LIMITED

AcHESON Electrodes LINDE Silicones
UNI10oN Carbide Dynel Textile Fibers
BAKELITE, VINYLITE, and KRENE Plastics
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IAARCON

means Automatic Rudder CONtrol

"Marks the beginning of a new era of both utility and safety”

... says Leighton Collins, Editor Air Facts Magazine

WHAT 1S THE LEAR ARCON? Left to itself, the average plane
wants to ﬂy in a circle. With the Lear Arcon, your plane wants
to fly straight — until you want it to turn, thus eliminating
the deadly “graveyard spiral”— always a threat to the non-
instrument pilot.

IS THE ARCON AN AUTOPILOT? No, but it is the next best
thing to an autopilot, especially when you are under pres-
sure to do something else, such as navigate, communicate, or
just plain relax.

1S IT A SUBSTITUTE FOR AN INSTRUMENT RATING? No more
than a life-preserver is a substitute for knowing how to swim.
However, the Arcon could save your life if you were in-
advertently caught in “weather,” and it will ease the burden
of the qualified instrument pilot who deliberately chooses
to fly instruments.

WHY IS IT THE FINEST DEVICE OF ITS KIND? The Lear Arcon
is sim[fale, fool-proof, uncompromising in quality. Magnetic
amplificrs arc used instead of tubes —“printed” circuits

instead of wires. No trim lights to monitor. Built to military
standards of performance and dependability. Designed for
trouble-free operation.

WHAT TYPE OF PLANE IS IT SUITABLE FOR? All types. And
equally easy to install in all. Every Arcon installation is CAA
approved for each airplane type.

IS IT INDUSTRY APPROVED? The Arcon will soon be offered
as factory installed equipment by most leading aircraft
manufacturers.

IS IT PILOT APPROVED? Ask any pilot who has had an oppor-
tunity to fly it. You will soon find very few pilots who will fly
without it, because it makes an airplane fly the way it should —
automatically. The Arcon is here now. See it. Fly it. Discover
how it “marks a new era of safety and utility” for you!
* Kk

See your nearest Lear distributor or write for full information
to Lear Incorporated, LearCal Division, 3171 South Bundy
Drive, Santa Monica, California.

l, 25 YEARS OF SERVICE TO AVIATION

1930-1955
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MAGNETIC TAPE RECORDING

helps produce better designs faster

At Avro Canada, all test data transmitted by
radio telemetry is permanently — completely
—and accurately —recorded on magnetic
- tape. This involves 67 separate items of infor-
Inside this mobile ground station, test mation per second —items such as tempera-
flights of the Avro Canada CF-100, RCAF Iuki I .
all-weather interceptor for continental ture, pressure, revo L.)fIOr'IS, GC?e. eration, yaw
defense, are "‘seen’ and "heard’* with and roll. The data is “‘magnified” on play-
magnetic tape recorders. back at slow speed, permitting Avro engi-
neers and aerodynamists to critically study
each gas turbine and airframe parameter.

AVRO USES AMPEX

The Aircraft Division of Avro Canada, Malton, On-
tario is one of the many diversified users of Ampex
magnetic tape equipment for data recording.

It is widely preferred for special installations requir-
ing broad frequency response, precise timing, ex-
treme stability of tape motion, high shock resistance
and reliable accuracy.

Ampex 306 Recerder,
0 to 5,000 cps.

Let Ampex Evaluate Your Needs
Because *‘live memory’’ techniques can now be
applied in so many ways (test cycling, machine con-
trol, process regulation, etc.) why not investigate
the possibilities for your operation — or ask for our
16-page illustrated bulletin. Contact your nearest
Ampex representative, or write-wire Dept. O-1892

(‘J‘I:g!m ture Df‘.‘ﬁ'rﬁw“an

CORPORATION

934 Charter Street, Redwood City, California

BRANCH OFFICES: New York; Chicago; Atlanta; San Francisco; Dayton; College Park,
Maryland (Washington, D.C. area).

DISTRIBUTORS: Radio Shack, Boston; Bing Crosby Enterprises, Los Angeles; Southwestern
Engineering & Equipment, Dallas and Houston; Canadian General Electric Company, Canada.
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LETTERS

The writer has immensely enjoyed
David B. Steinman’s fine article on
bridges [SciExTIFiC AMERICAN, Novem-
ber, 1954], and the accompanying illus-

| trations are certainly thrilling.

| The impression may be gained that
the Florianopolis Bridge was the first
span using rocker towers. Here in the
U. S. in the Muskingum River crossing
near Trinway, Ohio—designed by Pro-
tessor Clyde T. Morris in 1913 and 1914
—this feature was incorporated. The
towers are pin-connected to the eye-bar
chains at the top and rest on pins at the
piers, so that as the shape of the chain
curve changes under a moving load, the
towers may rock slightly without being
subjected to transverse loading of any

| kind; much as if one stands his pencil

| upright and, placing his finger firmly
on the upper end, rocks the pencil back
and forth. . .. The pier ends of the truss-
es at Trinway also rest on posts pin-con-
nected at both ends.

T.S. NEEDELS
Houston, Texas
Sirs:
The letter from T. S. Needels and his

interest in my article are appreciated.
I did not intend to imply that the

Scientific American. March, 1955; Vol. 192,
No. 3. Published monthly by Scientific American,
Inc., 2 West 45th Street, New York 36, N. Y.;
Gerard Piel, president; Dennis Flanagan, vice
president; Donald H. Miller, Jr., vice president
and treasurer. Entered at the New York, N. Y., Post
Office as second-class matter June 28, 1879, under
act of March 3, 1879. Additional entry at Green-
wich, Conn.

Editorial correspondence should be addressed to
The Editors, ScienTiric AMERICAN, 2 West 45th
Street, New York 36, N. Y. Manuscripts are sub-
mitted 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, 2 West 45th Street, New
York 36, N. Y.

! Subscription correspondence should be ad-
dressed to Circulation Manager, SCIENTIFIC AMERI-
| CAN, 2 West 45th Street, New York 36, N. Y.

Change of address: Please notify us four weeks
in advance of change. If available, kindly furnish
an address imprint from a recent issue. Be sure to
give both old and new addresses, including postal
zone numbers, if any.

Subscription rates for U.S.A. and possessions: 1
year, $5; 2 years, $9; 3 years, $12.50. Canada and
Latin America: 1 year, $6; 2 years, $10; 3 years,
$14. All other countries: 1 year, $8; 2 years, $12;
3 years, $16.




ELECTRO

NEW rugged, reliable system
for remote indication and control

of pressure and temperature

The NORWOOD CONTROLS ElectroSyn is unique in
ils ruggedness, its reliobility and the minimum mainte-
nance il requires. Without C‘.‘-'hp|r’n electronic circuits,
it provides an exceptionally high output signal, electri-
cally transmitted, which mokes possible accurate remote
readings of pressure ond temperature. It is suitcble for
use with multi-point indicoting or recording systems
When desired, on explosion-prool construction lrup-
ture-proof 1o twice line pressures! is available.

Accurate to within +% 9, of rating at any point
within ronge . . . linear within V495 of rating . . .
unaffected by lateral and longitudincl vibration, or by
line voltage change . . . ranges available: 1o 5000
psi, —50°F to 1200°F,

ElectroSyn has been especiolly engineered for pipe
line and chemicol processing opplications where sturdy
construction and permanent accuracy are essential

CONTROLS

Controls Division

CONTROL ENGINEERING CORPORATION
930 Washington Street « Norwood, Mass.

Complete technical information will be supplied upon request
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THE SAME SIZE HORSE
from half the motor

P 8
PLUS THIS SCREW \%, THAT ROLLS ON BALLS

Replace the common high-sliding-friction screw with an AEROL
Ball-Screw mechanism, and you can double drive efficiency. Because i
this mechanism moves on a friction-less stream of steel balls, it
eliminates the dead loss of friction. This means you can use a
1-horsepower motor where a 2-horse was formerly needed...a
5-horse where 10 was called for, allowing you to save on motor
size and weight, first cost, space and electricity required.

Because AEROL Ball-Screws move entirely on steel balls, they
provide two additional advantages. They eliminate the need for
lubrication, letting you operate in extremely high temperatures with-
out fear of fire, and in extremely low temperatures without problems
of sluggish operation. They make possible fast, precise, continuous
positioning down to near-zero tolerance.

These AEroL Ball-Screws are at work now on aircraft, on trucks
and cars, on machine tools, on standard and special equipment

of all kinds.

AgroL Ball Screws may be able to solve a problem for you. To
get more information, write for our free booklet.

Cleveland Pneumatic

DEPARTMENT D-355
BALL-SCREW MECHANISMS + AIR-OIL IMPACT ABSORBERS

WORLD'S LARGEST MANUFACTURER OF AIRCRAFT LANDING GEARS
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Florianopolis Bridge (1922-26) was the
first suspension bridge using rocker
towers. I am glad to be reminded that
my friend Clyde T. Morris built one in
1913-14. I believe, however, that the
rocker towers at Florianopolis were the
first application to a bridge of that mag-
nitude and thereby served to direct ut-
tention to that feature. Moreover, instead
of resting on pins on the piers the
Florianopolis towers were true rockers
(like a rocking chair). The bottom on
each tower leg had its bearing on a flat
steel casting on the pier. Steel dowels
(cycloidal) prevented any creeping of
the rocker. Pins introduce secondary
stresses through friction; true rockers
avoid this defect.

D. B. STEINMAN

New York, N. Y.

Sirs:

In explanation of the case of a woman
possessing erythrocytes of groups A and
O, Sir Macfarlane Burnet [“How Anti-
bodies Are Made”; SCIENTIFIC AMERI-
caN, November, 1954] postulates a
common placental circulation with a
fraternal twin and the exchange of
“blood cells.”

If we accept the theory of Burnet and
Frank Fenner regarding a “critical point
in formation of recognition units,” we
may readily explain a continued toler-
ance in such a host individual to trans-
fusions of this alien type of erythrocyte.
Since erythrocytes, however, have a life
span measured in weeks, it is clear that
the acquisition of alien red blood cells
in the assumed manner could not explain
the continued presence of such cells over
a 23-year period. We must assume, in-
stead, (1) the transfer of a mass of
erythropoietic cells from one embryo to
the other and (2) either (a) the con-
tinued proliferation in an adult site of
this donor tissue or (b) some influence
of this “graft” on the differentiation of
the erythropoietic tissue of the host. The
final result in either case must be the ex-
istence in the adult host of discrete func-
tional masses of erythropoietic tissue of
two genetic types.

DAVID FROST

College of Pharmacy
Rutgers University

Newark, N. J.

Sirs:
I think the point made by Dr. Frost
is quite a good one and one which I



The Univac Scientific Computing System

Perfecting Tomorrow’s Turbines

Many complex and intricate computa-
tions are required to evaluate test cell
runs . . . to design turbines with ever-
increasing efficiency of performance.
Univac Scientific is the ideal electronic
computing system for the task. It can
easily accomplish these feats of mathe-
matics — and solve the many problems
encountered in data reduction, com-
pressor oftf-design, turbine off-design,

wheel design and analysis, and engine
performance.

Because of its ability to reduce large
volumes of data at tremendous speeds,
the Univac Scientific System easily han-
dles even the most difficult research
problems. Its speed is matched by many
other outstanding characteristics,
including: superb operating efficiency,
obtained through large storage capacity

...great programming versatility...the
ability to operate simultaneously with
a wide variety of input-output devices
...and far greater reliability than any
computer in its class.

For more information about the
Univac Scientific System or for infor-
mation about how you might apply the
system to your particular problems,
write on your business letterhead to...

[}
ELECTRONIC COMPUTER DEPARTMENTnelllmytan. MROOM 1313, 315 FOURTH AVE., NEW YORK 10

+ ~ €
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a technique that produées

vnmatiched performance . ..

THE
MARK OF
LEADERSHIP

Varian's use of n:mer (nuclear magnetic resonance)
techniques for obtaining extremely precise align-
ment of its electromagnets is another example of
the scientific know-how that creates consistently
superior products. This advanced technique — exclu-
sive with Varian — permits magnetic field contours
to be plotted with optimum precision during critical
alignment phases. Result . . . electromagnets that
have unequalled field uniformity, provide unsur-
passed performance.

Varian has a complete line of laboratory electro-
magnets, associated power supplies and accessories

. designed to meet every important research and
|aboratory application involving magnetic fields.
These models and their matching power supplies —
plus accessories for various special purpose uses —
are now available:

® V-4012A TWELVE-INCH ELECTROMAGNET
(now with continuously adjustable yoke angle)

® V-4007 SIX-INCH ELECTROMAGNET
® V-4004 FOUR-INCH ELECTROMAGNET

WRITE TODAY for specifications and complete technical data . .

address inquiries to the Special Products Division.

VARIAN associates

/PAIO ALTO 7, CALIFORNIA

MICROWAVE TUBES—SPECIAL PRODUCTS
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would have elaborated in any fuller ac-
count. He is quite correct that for the
continuance of the “foreign” red cells in
the circulation after birth one must pos-
tulate functional haemopoietic tissues
also of the foreign genetic type. The
erythropoietic cells, however, are just as
| alien as the erythrocytes they produce,
and the same principles hold. The point
probably should have been made in the
article but I was anxious to keep the
presentation as simple as possible.

F. M. BURNET

The Walter and Eliza Hall Institute of
Medical Research

The Royal Melbourne Hospital

Melbourne, Australia

Sirs:

I am writing this in regard to an ar-
ticle which appeared in your November
issue. In this article, which was entitled
“Trade in the Ancient World,” Lionel
Casson stated that ships of that period
had no rudders by which to steer them.
I am of the opinion that this is not true
and, as proof, I state the following
quoted from The Odyssey of Homer,
Chapter 9.

“He made a mast too, and a rudder
by which to steer the raft, also he made
a bulwark of skin which was to keep
out waves.”

I am a student of Bryant High School
and I find your magazine very helpful

in my school work.
JUDITH GOLD

\ Jackson Heights
Long Island, N. Y.

Sirs:

Miss Gold has put her finger on a key
passage—Homer’s description of how
Odysseus built a raft, the earliest ac-
count we have of boatbuilding.

Ancient ships had steering oars, not
rudders. It is the translator, not the poet,
who set Miss Gold off the course.
Homer’s word (Odyssey, Book 5, line
255) is pédalion which, although it can
be loosely translated “rudder,” really
means “steering oar.” A good example of
one can be seen in the illustration on
page 99 of my article.

LIONEL CASSON

Department of Classics
New York University
New York, N. Y.



WHY INDUSTRIAL ENGINEERS FAVOR ALLEN-BRADLEY MOTOR CONTROLS

i

|

|

| Here 1s a magnetic motor starter that is “the indus-
I trial engineer’s delight.”” You can install the Bulletin
{ 709 solenoid starter . . . and forget it.

] First—It has only one moving part. There are no
I pins, pivots, linkages, or bearings to corrode and
| stick. No flexible jumpers to break. Just a simple
| solenoid plunger 1s the only moving part.

| Second—1In all ratings—it has double break, sil-
% ver alloy contacts that need no cleaning, filing, or
I

I

|

|

|

I

|

I

I

|

|

I

I

|

I

|

I

I

|

ever
Clean,

dressing. Just leave them alone during their entire
operating life.

For trouble free service, install Allen-Bradley
Bulletin 709 solenoid starters. Send for catalog.

Dress, or
File the

Contacts

Allen-Bradley Co.
134 W. Greenfield Ave., Milwaukee 4, Wis.
In Canada—
Allen-Bradley Canada Limited, Galt, Ont.

N

THE SIGN OF

ey QUALITY

18" MOTOR CONTROL

NET L

Bulletin 709 solenoid starters
are made in 8 sizes up to 300
hp, 220 v; 600 hp, 440-550 v.
Note the white interior which
makes wiring and inspection
easier in dark locations.
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In a large mixing tank, new procedures for
precise control of ions permit rubber par-
ticles to form an even coat on paper fibers,
producing impregnated paper products with
a multitude of new industrial applications.

Paper fibers and tiny rubber particles will
not combine when merely suspended in
water. One theory explains that ions, or
electrically charged atoms from the water,
collect in double layers on both rubber and
paper. These layers act like protective en-
velopes that keep the two materials apart.

© 1955 SCIENTIFIC AMERICAN, INC

It’s easy to remove the double layers from
both materials . . . by adding an electro-
lyte, such as salt, to the water. But the
rubber still will not deposit on the paper
fibers. Instead, the rubber particles cluster
together in stringy masses that research
workers were quick to nickname “rhubarb.”



How a new method of “ion control”

is opening up amazing

industrial uses for paper

For years it was believed that a material made of
rubber-coated paper fibers would have almost un-
limited possibilities—as a base for artificial leathers,
as a filtering medium, for use in low-cost gaskets,
and in many other industrial applications.

To make such a material, and make it inexpen-
sively, Armstrong research workers felt that the in-
dividual fibers had to be coated with large amounts
of rubber while they were suspended in a liquid

. in the watery pulp stage of paper manufac-
ture. But they also knew that suspended paper
fibers and rubber normally wouldn’t combine uni-
formly in the right proportions.

The reason for this situation was well known. In
fact, the 19th Century writings of a German physi-
cist named Helmholtz describe the phenomenon
that occurs when particles of any material are sus-
pended in water. Double layers of tiny electric
charges — called ions — form protective envelopes
around the particles and keep them apart.

A few years ago, a group of Armstrong research
chemists set out to make practical use of the Helm-
holtz Double Layers. After working through a
year-long maze of experiments, they hit upon a

process which precisely controlled the layers of
ions. With it, rubber could be made to coat paper
fibers evenly and thoroughly and in amounts as
large as 100 per cent of the fiber weight.

Most important, this new process was adaptable
to mass production with virtually no sacrifice of
laboratory accuracy. Completely uniform com-
positions could be made combining rubber and
fiber in almost any useful proportion. Saturated
papers with wider and more interesting industrial
applications thus became possible.

A low-cost gasket material of unusual dependability is one of
the many applications of the new Armstrong process. This
material, called Accopac®, also contains finely ground cork.
It is resilient, dimensionally stable, and impervious to most
common fluids, even at bolting pressures as low as 800
pounds per square inch. Accopac al-
ready is widely used in automotive
equipment, aircraft devices, appli-
ances, and many other consumer and
industrial products.

For more information about Acco-
pac, write for the 24-page manual,
“Armstrong’s Gasket Materials.” It’s
free to industrial users. Write Arm-
strong Cork Co., Industrial Division,
8203 Inland Road, Lancaster, Penna,

ARMSTRONG'S
GASKET MATERIALS
ess

Mocranies Specaitis.

@mstrong INDUSTRIAL PRODUCTS

+» « « USED WHEREVER PERFORMANCE COUNTS

adhesives . . . cork composition . . . cork-and-rubber . . . felt papers . . . friction materials

If you remove the charges from the paper
fibers only, the double layers of ions on the
rubber particles keep the rubber particles
from sticking to each other. But these lay-
ers also keep the rubber from sticking to the
paper fibers except in a random, haphazard
manner. This obviously is not the answer.

The trick, then, is to remove the double
layers from the fibers only, while those on
the rubber are merely made thinner. This
is managed so the layers on the rubber par-
ticles remain thick enough to keep the rub-
ber from bunching, but not thick enough to
keep it from coating the fibers uniformly.
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A practical and precise method of ion con-
trol is what Armstrong research chemists de-
veloped. Commercial applications include
new and far better saturated papers for arti-
ficial leathers, gasket materials, oil filter
cartridges, notebook covers, shoe insoles,
and many other important industrial uses.




Highest efficiency monochromatic lighf

TAILORED TO YOUR EXACT
WAVELENGTH NEED

... U=V,

VISIBLE,

INFRA-
RED

Bausch
& Lomb

Grating Monochromator
»2 CERTIFIED-PRECISION
GRATING

Select the equipment that meets
your specific requirements . . .
for monochromatic light of
highest spectral purity and in-
tensity. 250mm or 500mm mono-
chromators, with your choice of
gratings for full range coverage
(2000-14,000A, first order), or
for more intensive study in the
ultra-violet or infra-red.

e Certified - precision gratings

Standard gratings: At least 65%
efficiency at 2650A; less than .1%

WRITE for complete in-
formation and a demon-
stration. Bausch & Lomb
Optical Co., 78139 St.
Paul Street, Rochester 2,
New York.

stray light at 2650A. Special
gratings: At least 65% efficiency
atblaze angle; many blaze angles
available.

« High dispersion

250mm: 66A[/mm (first order)
500mm: 33A/mm (first order)
16A/mm (first order)

Linear wavelength scale
Set at factory, no calibration re-
quired.

¢ Low cost

BAUSCH & LOMB

SINC!WI!SJ

America’s only complete optical source.. . from glass to finished product.
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20 AND 100
YEARS AG()

MARCH, 1904. “News comes from
Buenos Aires that the Charcot Antarctic
expedition has arrived at Puerto Madryn,
Argentina. A telegram received from
Dr. Charcot is as follows: “‘We wintered
at Wandel Island and carried out all our
scientific work under favorable condi-

tions. The question of Bismarck Strait
was solved, our party passing through it.
We reached Alexander I Land, though
ice prevented our landing. We explored
several unknown points on Graham
Land. Notwithstanding the fact that our
vessel grounded, sustaining a serious
leak, we were able to continue the voy-
age and determine the contour of the
external coast line of the Palmer Archi-
pelago.””

“The boring of the Simplon tunnel be-
tween Italy and Switzerland has at last
been completed, the thin diaphragm of
rock that separated the two headings
having been finally burst through on
February 24, 1905. The tunnel is 19.729
kilometers, or 12/ miles, in length, con-
structed with twin passages, each 16%
feet wide, and separated by a distance of
55.7 feet between their axes; it is straight
except for a short curve at each of its
ends. The success of an enterprise of
such magnitude marks this as the great-
est event in civil engineering for several
years past.”

“Dr. Perrine of the Lick Observatory
has discovered a seventh satellite of Jupi-
ter. The discovery of the seventh moon
was made on January 6, the day follow-
ing the announcement of the discovery
of the sixth satellite, when Mr. Perrine
resumed his comparative examination of
the negatives secured and was rewarded
by discovering the image of a very faint
body which changed its position from
night to night.”

“M. Berthelot, in a paper read before
the Académie des Sciences, gives an ac-
count of an examination he recently
made of some samples of metal from an-
cient Egypt. Some of these were sent to
Paris by Prof. Maspero, and came from



How your telephone call
asks directions... and

gets quick answers

Perforated steel cards, which give directions to fhe Long Distance dial telephone system,
are easy to keep up to date. New information is clipped (1) and punched (2) by hand on
a cardboard template. This guides the punch-press that perforates a steel card (3), and
the two are checked (4). The new card is put into service in the card translator (5).

When the Bell System’s latest dial equipment receives orders to
connect your telephone with another in a distant city, it must find—
quickly and automatically—the best route.

Route information is supplied in code—as holes punched on
steel cards. When a call comes in, the dial system selects the appro-
priate card, then reads it by means of light beams and photo-
transistors. Should the preferred route be in use the system looks
up an alternate route.

It is a simple matter to keep thousands of cards up to date when
new switching points are added or routing patterns are changed
to improve service. New cards are quickly and easily punched
with the latest information to replace out-of-date cards.

This efficient, flexible way of keeping your dial system up to the
minute was devised by switching engineers of Bell Telephone Lab-
oratories, who are continually searching for ways to improve service
and to lower costs. Right now most of the Long Distance dialing
is done by operators, but research is hastening the day when you
will be able to dial directly to other telephones all over the nation.

BELL TELEPHONE LABORATORIES

Improving telephone service for America provides careers for
creative men in scientific and technical fields.
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“HIGH-STRUNG ENGINEER"

Frankly, the hangee isn’t an engineer at
all. He’s really a purchasing agent, but I
thought the idea of hanging an engineer
would have lots of appeal (except to engi-
neers, that is).

I’m quite shamefaced about the whole
thing, and to make amends D’ll tell the
whole story. This purchasing agent,
Quimby by name, was nuts about toasted
marshmallows, and he used to toast them
on the sly, building a merry blaze in his
wastebasket for the purpose. One day, the
poor chap accidentally brushed a pur-

f
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E
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¥
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are and what they do”.

Street. .......... ...l

Pen point bemg inspected on %

Jones & Lamson Optical Com-
parator. J & L makes a com-
pleteline of 11 Comparators,in
both bench and pedestal types.

JONES § LAMSON —

JONES & LAMSON MACHINE COMPANY, Dept. 710, 529 Clinton St., Springfield, Vt., U. S. A,

chase requisition for a Jones & Lamson
Comparator into the flames. When the
boys in the production department heard
of this, they just lost their heads, and
Quimby was a gone goose.

Just goes to show to what extent pro-
duction men string along with J & L Com-
parators. And why not? — these wonder-
fully efficient machines measure and in-
spect all sorts of objects rapidly — and
gad! are they accurate! To .0001"’, as a
matter of fact!

Learn more — send this coupon today.

inexpensive bench model

O Please send me your booklet, “Comparators — what they

0O I'd like to see a showing of the movie, “What’s the Differ-
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a tomb which he opened not long ago.
The tomb is probably of the end of the
second dynasty or the beginning of the
third. An analysis made upon small
quantities of the matter gave 56.7 per
cent copper and 2 per cent tin. There
were also traces of zinc, and in the coat-
ing was found a considerable proportion
of chlorine, carbonic acid, oxygen and
lime, but no arsenic, lead, silver or iron,
at least in any great measure. This speci-
men is of interest from its great antiqui-
ty, as it goes back to the most remote
epochs of the ancient empire. The
presence of small quantities of tin at this
epoch is remarkable. This metal no
doubt comes from the voluntary addi-
tion of a tin-bearing mineral to the cop-
per ore.”

MARCH, 1855. “Prof. Vierordt has
been exhibiting a machine at Frankfort
to record on paper the beatings of the
pulses. The arm of the patient is placed
in a longitudinal cradle, and screwed
down sufficiently to keep it steady. A
small erection on one side holds a sort
of lever worked on a hinge, at the end
of which a pencil is inserted, the point
of which has been dipped in Indian ink.
The lever rests upon the pulse, and at
every moment records the action. A more
accurate and more ingenious machine
has been developed in this country. The
invention of this instrument, called the
sphygmograph, was occasioned by the
wish of Dr. C. Hering of Philadelphia to
have a machine for such a purpose. It
was invented by Mr. E. F. Hilgard of
the U. S. Coast Survey, and made in
Washington about a year ago. It is an
electro-magnetic machine, recording on
the same strip of paper the time and the
number of beats of the pulse; it is, in
fact, a Morse recording telegraph instru-
ment, with two magnets, two batteries,
and a clock. The current of one battery
is broken by the stroke of the pendulum
of a clock, each stroke making a dot. The
current of the other battery is broken by
the pulse; each beat of the pulse breaks
the circuit and makes a dot.”

“A very important patent trial relating
to an improved process of photography
lately took place in London between Fox
Talbot, plaintiff, and M. Laroche, de-
fendant, for infringement of the plain-
tiff’s patent, he being the author of the
art which has been named “Talbotype,”



Boeing offers a real creative challenge to engineers

This Boeing engineer is determining an-
tenna properties that will influence the
design of supersonic airplanes which still
are in their preliminary study stage. This
illustrates the variety and challenge
Boeing offers in many fields: civil, elec-
trical, mechanical and aeronautical engi-
neering, mathematics and applied physics.

Emphasis at Boeing is on engineering
excellence. Boeing engineers develop air-
planes and guided missiles for jobs never
done before, at altitudes and speeds never
reached before. They work to closest
tolerances of weight and space, using new
materials like titanium and magnesium
alloys, acrylics and plastics. If this chal-
lenge interests you, there is a place for
you on a Boeing design, research or pro-
duction team.

Recent Boeing developments like the
B-47 and B-52 jet bombers, the F-99
guided missile, and America’s first jet
tanker-transport are evidences of solid
growth and engineering skill. New proj-
ects are already under way in widely
diversified engineering fields: rocket,
ram jet and nuclear propulsion, super-
sonic flight, guided missiles, research in
new materials, and much more.

Boeing now employs nearly twice as
many engineers as at the peak of World
War II. And more engineers are needed.
As a Boeing engineer, you will work with
the most advanced equipment, like elec-
tronic computers, the world’s fastest and
most versatile privately owned wind tun-
nel, superb laboratories, and the huge
new Flight Test Center.
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You can be sure of individual recog-
nition at Boeing as a member of a tightly
knit “team.” Promotions come from
within the organization, after regular
merit reviews. You will be encouraged
to take graduate studies while working,
and will be reimbursed for all tuition
expenses.

- JOHN C. SANDERS, Staff Engineer— Personnel
« Boeing Airplane Co., Dept. 16-B, Seattle 14, Wash.
® Please send further information for my analysis.
® | am interested in the advantages of a career
: with Boeing.

: Name

« University or

* college(s) Degree(s) Year(s)___
* Address

.

e City ~ Zone___ State

BOLFING

Aviation leadership since 1916
SEATTLE, WASHINGTON WICHITA, KANSAS

I3



FORD IS CONSTANTLY ADDING TO ITS STAFF OF ENGINEERS. IF YOU CAN QUALIFY, THERE MAY BE A POSITION FOR YOU.
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naval fire-control
..« AND FORD INSTRUMENT COMPANY

Firing at a target many miles away
from a pitching and rolling ship,
steaming at full speed, requires
rapid, complicated computations.
Special computers and drives must
do this job.

Throughout the past forty years,
engineers of Ford Instrument Com-
pany have been specialists in this
field — from their design of the earli-
est Rangekeeper in World War I to
the latest great Naval electro-me-
chanical-electronic computers. Asin
their missile and aircraft instru-
ments, their nuclear controls and
weapon systems, the criteria of
dependability and precision are the
characteristics of Ford designed and

ENGINEERS:

manufactured computers and
controls.

Ever since 1915, when Hannibal
C. Ford built the first gunfire com-
puters for the U. S. Navy, Ford
Instrument Company has been a
leader in applying the science of
automatic control to American de-
fense and peacetime industry. For
more information, write for free illus-
trated brochure.

FORD INSTRUMENT
COMPANY

DIVISION OF THE SPERRY CORPORATION
31-10 Thomson Ave., Long Island City 1, N. Y,
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in honor of the discoverer. He secured
an American patent in 1847, nine years
after his first English one was granted.
M. Laroche set up the defence of non-
infringement,—that his process was en-
tirely different; also that Fox Talbot was
not the first discoverer of photography.
The new process of M. Laroche was dis-
covered in 1851 by a Mr. Archer, and
was stated to consist in the use of collo-
dion (gun cotton dissolved in ether) in
the treatment of the plate before it is
placed in the camera. When withdrawn,
the latent image is developed by pyro-
gallic acid, or protosulphate of iron, and
is fixed with hyposulphate of soda. Some
eminent chemists gave testimony that
this was merely the Talbotype under a
modified form. On the other hand, Rob-
ert Hunt (perhaps the best authority of
all) gave evidence that collodion pos-
sessed unknown photographic powers,
and that pyrogallic acid was more sensi-
tive than the gallic acid of Mr. Talbot.

| The Chief Justice, in summing up the

case, stated, it was very evident that Fox
Talbot was the first to discover the latent
image, but as this was a philosophical
discovery, from its nature, it could not be
the subject of a patent which only em-
braced the means of producing the re-
sult. The verdict of the jury was that
the plaintiff was the first inventor, but
that there was no infringement of his
patent by the defendant.”

“La Cronica, a Spanish journal in New
York City, says that Dr. W. L. Hum-
boldt has discovered means to prevent
yellow fever by inoculation. The govern-
ment of Cuba, as La Crdnica is informed,
has directed the inoculation of the major
part, amounting to one thousand, of the
newly arrived troops, which has resulted
in the greatest success, since none has
been attacked by this terrible disease,
which generally decimates the foreign
population shortly after their arrival.
The operation is similar to vaccination,
in that the virus discovered by Dr. Hum-
boldt is inserted, generally in both arms.
A few hours later the symptoms of a
miniature yellow fever commence, and
all the pathological consequences follow
rapidly and slightly, rarely exceeding
48 hours in duration, and with nothing
more than a slight feverish action.”

“In some sections of the State of Mis-
sissippi the people, it is reported, have
pulled down a number of miles of tele-
graph wires, because some learned
ignoramus had demonstrated to them
that the long drouth in these regions was
caused by these wires carrying off the
lightning, which used to bring rains.”



For America’s first

jet tanker=transport

flee' (XX} #’A
h

AIR CONDITIONING
by AiRESEARCH!

Boeing solves cabin
comfort problems at

new high altitudes and

m speeds for transports with

complete AiResearch systems

History repeats. When Boeing B-29s pioneered
heavy bomber flying at high altitudes, AiResearch was chosen

to supply the cabin-conditioning equipment required. Now

Boeing has again selected AiResearch equipment for

its sleek new KC135s. — ““\/—\
AiResearch has unmatched experience in developingf\
conditioning equipment for the majority of present day

commercial and military aircraft. It has produced more complete

air-conditioning and pressurization systems and components than

£

oy s

all other manufacturers put together.

Once more a leading manufacturer confirms that where
proved designs, reliability and high performance are required,

AiResearch is the choice in its field.

THE CORPORATION

AiResearch Manufacturing Divisions

Los Angeles 45, California « Phoenix, Arizona

Desigﬂers and manufacturers Of aircraft Components.' REFRIGERATION SYSTEMS °* PNEUMATIC VALVES AND CONTROLS °* TEMPERATURE CONTROLS

CABIN AIR COMPRESSORS °* TURBINE MOTORS °+ GAS TURBINE ENGINES + CABIN PRESSURE CONTROLS * HEAT TRANSFER EQUIPMENT + ELECTRO-MECHANICAL EQUIPMENT « ELECTRONIC COMPUTERS AND CONTROLS
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. 220°scientists, engi-

s, draftsmen, testers and
r technical personnel in
GPE Companies work in
ields covered by this chart.

THE

The producing companies of General Precision Equipment
Corporation are engaged in the development, production and
sale of advanced technological products. These products all
have a broad common base: 1) they represent precision equip-
ment in some form; 2) they derive from similar fields of tech-
nical competence; 3) they save labor, increase productivity,
or achieve results which cannot be attained with even limited
use of on-the-spot manpower.

A general view of the technical capacities of the GPE
Producing Companies is given in the chart. But the chart
cannot show the very close interrelation of these capacities
nor the highly flexible application of facilities, techniques
and capabilities which exists among these companies. This
is achieved through GPE’s basic operating policy—Coordi-
nated Precision Technology.

GPE Coordinated Precision Technology operates in all
areas—in research, development and manufacture. The record
of the GPE Producing Companies in solving advanced tech-
nological problems and meeting the demand for high speed,
precision, reliability, light weight and compactness at com-
petitive prices is the result of this coordination, the constant
application of the newest and most highly advanced tech-
niques, and unremitting insistence on highest quality.

Perhaps the most conspicuous advantage of GPE Coordi-
nated Precision Technology is that the concept and develop-
ment of equipment and systems, and of solutions to the
underlying technical problems, are not restricted by being
confined to the specialized techniques of a particular field.
In short, GPE Coordinated Precision Technology permits
each company to seek the optimum solution for the customer
by the application of all relevant techniques within the total
capacities of the entire group. Address inquiries to:

GENERAL PRECISION EQUIPMENT CORPORATION

92 GOLD STREET, NEW YORK 38, NEW YORK

PRODUCING COMPANIES

ErpzleR W

INTERNATIONAL PROJECTOR - - o=

SERVES INDUSTRY

THROUGH cgg]‘dl.lldled

IT
GP
E PRODyCiNg comfmru:g

PRECISION MECHANICS
and CERAMICS

ELECTRICAL
EQuip
and COMPON'E':";;

ELECTRONIC

HYDRAULI
and LIQuUIDS HANDLlﬁ(si

PROFESSIONAL and INDU
STRI
TELEVISION EQUIPMEP‘{"II’.

INSTRUMENTATION

SERVOS and CONTROLS

AUTOMATIC COMPUTERS
and COMPONENTS

ULTRASONICS

RADAR and MICROWAVE

MOTION PICTURE
and SOUND EQUIPMENT

OPTICAL DEVICES

earjott

THE HERTNER ELECTRIC KEARFOTT COMPANY, INC.

CORPORATION —BLOOMFIELD, N. © 1955 SCIENTIFIC AMERICAN, INC —PLEASANTVILLE, N.Y. COMPANY-CLEVELAND LITTLD FALLS, N.&



how the produdng éo};\pcr‘zies of
General Precision Equipment Corporation
are contributing to America’s progress,

precision technology
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LINK AVIATION. INC.
BINGHAMION, N. Y.

O Manufacturing
OO Manufacturing and product development
OO DO Manufacturing, product development and research

OO0 Ppilot manufacturing, product development and research
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BLUDWORTH MARINE
NEW YORK

LIBRASCOPE, INCORPORATED
GLENDALE, CALIFORNIA



PULSE ACCOUNTING

There are entirely too many pulses batting

around lately that we don’t get paid for. A good

>y
go by so fast we can’t find them, %
< KON
= AU
let alone reform and < = C:f/

charge for them, ‘%&)2}

which neatly sidestep our keying relays.1

We are now gunning for these.

many of them

but there are still a goodish number of slow pokes

pfﬁp7

To be doubly sure of catching them gainfully,

we propose to collect them in tin boxes

The Sigma Cyclonome Pulse Counter consists of
a special 6 figure Veeder-Root register driven by
a completely novel stepping motor* with but one
moving part which rotates in ball bearings and
drives the counter through a Nylon worm. Starting
and stopping is accomplished magnetically each
half cycle. Counting rate is nearly 8000 per minute
(0 to 130 pulses per second) at an accuracy of

This device will
advantageously replace
the slow decade and
mechanical registers in
computers and electronic
counters, as it has a life
of at least 500,000,000
counts, and is adaptable
to production and
process counting. By
special arrangement with
the Fisher-Pierce
Company, specialists in
photoelectric devices, we
can provide photoelectric
sensing equipment to
drive the Sigma

Cyclonome Counter.

with the quantity marked right on top.

Gl

=+1/2 count, and, depending on the user’s choice,
the device will accept either DC pulses down to
3 milliseconds wide (50% on-time minimum at
130 pulses per second) or AC cycles with a mini-
mum half-cycle of 3 milliseconds.

Average power required varies with frequency,
from 1/2 watt (AC input) at 20 cps to 12 watts
(DC input) at 130 pulses per second.

ELECTRICALLY DRIVEN COUNTER
8,000 COUNTS PER MINUTE

The Sigma Cyclonome motor (separately available) has attractive features as a stepping motor.
There are no reciprocating parts to wear or clatter; torque output is about 1.3 inch-ounces
and stepping speed is 260 half-steps (20 per revolution) per second. Size, about 1-3/8" x
1-7/8" x 2-1/2". Another model with twice the torque (same speed) is 1-7/8" x 1-7/8" x 2-1 /2"

Caution: the inertia of driven devices must be
out the details on samples thereof.

reckoned with and we will be glad to work

Price and application information arc available.

1A new complete catalog
of Sigma Sensitive Relays
is available if specifically
requested. T

*Patent Applied For, | ,

)&‘ Y |

SIGMA INSTRUMENTS, INC.
40 Pearl Street, So. Braintree, Boston 85, Mass.
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THE AUTHORS

ROBERT F. BALES (“How People
Interact in Conferences™) is a lecturer
in sociology and a research associate in
the Laboratory of Social Relations at
Harvard University. He grew up in a
small town in Oregon, where he spent
most of his spare time in amateur radio,
model plane building and other shop
hobbies. He writes: “I really became
interested in social interaction as a re-
sult of skepticism about its importance.
In a graduate seminar at the University
of Oregon I maintained there was some-
thing nonsensical about my professor’s
question: ‘How can we measure social
interaction?” I have been busy reversing
my position ever since.” Bales’s interest
in the psychological mechanisms con-
trolling behavior led him to a study of
Alcoholics Anonymous and later to an
attempt to solve “the classic riddle as to
why rates of alcohol addiction are so low
among Jews.” After receiving his degree
in sociology at Harvard in 1945 he spent
a brief period of research with the Sec-
tion on Alcohol Studies at Yale. Then
he went to Harvard in 1946 to develop
laboratory methods for the study of
small groups. Bales’s spare-time inter-
ests are landscape painting and music.
His wife is a violinist and he plays the
guitar,

JOHN D. KRAUS (“Radio Tele-
scopes”) 1is professor of electrical en-
gineering at the Ohio State University.
He did his graduate and undergraduate
work at the University of Michigan,
where his father taught mineralogy and
was later a dean. In 1936 Kraus helped
James M. Cork set up the 100-ton cyclo-
tron at the University of Michigan,
then the largest cyclotron going. He
first turned to directional antennas in
the early 1930s when, as a radio ama-
teur, he was trying to improve communi-
cation with U. S. missionaries in the
Belgian Congo. During World War II
he worked on protection of ships against
magnetic mines and on antennas for
military use. Several Kraus-designed
short-wave and television antennas are
now a familiar part of the world’s land-
scape—notably his corner reflector an-
tenna and the helical beam antennu.
Kraus was present at the 1935 meeting
of the Institute of Radio Engineers in
Detroit, Mich., where Karl Janskyv re-
ported the first discovery of radio waves
from outer space. Five years later Kraus
met Grote Reber, then the only active
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Acids
Alcohols
Aldehydes
Anhydrides
Hydraulic Fluids

BASIC REASONS « « ¢ ¢ o o . DRI

Polyols
Plasticizers
Ketones Salts

Oxides Solvents
Yinyl Monomers

Esters
Glycols

PROPYLENE GLYCOL, a primary ingredient in
polyester resins, helps make reinforced plastic
construction possible. Boat hulls, car- and truck-
bodies, storage tanks, piping, and molds for metal
parts are only a few of the products made more
economically and made to perform better thanks
to reinforced polyesters.

Glacial ACETIC ACID eliminates a hidden co:
in textile dyeing. Shipped to the processo
practically water-free (and diluted to workin
concentration on arrival), Celanese* synthet
cally produced Acetic Acid saves on freigh
handling, and storage. What’s more, it is helpin
to end quality variation and spoilage in dyein

operations.

For product improvement...
for production efficiency...

FIND THE ANSWER

.. :with Celanese® Chemicals

To meet industry’s fast changing needs for basic materials,
Celanese has stepped up its program aimed at (1) increased
production of organic chemicals . . . (2) a consistent price

structure . . . (3) short-cutting chemical forms.

This program is solidly based on virtually unlimited natural
resources for hydrocarbons and direct processing methods.
These enable Celanese to bring vital chemicals “on stream”
with minimum delay. A nation-wide distribution system
meets the most rigid schedules. And Celanese technical
service “punches the clock” at manufacturers’ plants, to

help make basic materials work better.

> we would like to

If you are a manufacturer “in a hurry,’
show you how Celanese can give you a faster start.
Celanese Corporation of America, Chemical Division,

Dept.582-C,180 Madison Avenue, New York 16, N. Y.

FOR IMPROVED PRODUCTS

In textiles, plastics,

agriculture, paper, surface
coatings, electrical and

building materials and equipment,
pharmaceuticals.

CHEMICALS
*Reg. U. S. Pat. Off.
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IS A PRODUCTIVE WORD
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TIDE OF HUNGER

A great tide of world-wide hunger is rising over the earth. Stark
figures show with chilling clarity that more than a billion people are
already near starvation. With 70,000 new mouths to feed each day
on 40,000 fewer acres of cultivated soil, it’s easy to see why man

~ is fast outrunning his own £ood supply Abundance is now an

mdewma
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radio astronomer in the world, and
realized that in radio astronomy high-
gain antennas had come into their own.

JAMES MARSTON FITCH (“The
Curtain Wall”) is associate professor of
architecture at Columbia University. He
studied at Southern universities during
the 1920s and after a spell as low-cost
housing analyst for the Federal Housing
Administration entered the field of archi-
tectural publishing. He was successively
associate editor of the Architectural

i Record, technical editor of the Architec-

tural Forum and architectural editor of
House Beautiful. As an editor Fitch di-
rected some pioneering studies of archi-
tectural climatology. In 1950 he re-
turned to school, studying for three years
at Columbia University and last year at
the University of Florence. His Italian
excursion was part of his research on the
life of Horatio Greenough, whom he calls
the “first functionalist in American archi-
tectural criticism.”

GEORGE W. GRAY (“Unknown
Viruses”), a member of the staff of the
Rockefeller Foundation, contributes fre-
quently to SCIENTIFIC AMERICAN; his
article “The Yerkes Laboratory” ap-
peared in the February issue.

ROBERT L. FULLMAN (“The
Growth of Crystals”) is a research asso-
ciate at the General Electric Research
Laboratory, where he has been since
1948. Born in 1922 in Sewickley, Pa., a
suburb of Pittsburgh, he went to Yale
University to study metallurgy and be-
came interested in the structure of crys-
tals. He was the codiscoverer, with Arno
Gatti, of the method for producing per-
fect iron crystals described in the article
“Pure Metals” in SCIENTIFIC AMERICAN
of July, 1954. During World War II
Fullman served in the U. S. Navy for
three years and did duty on a destroyer
in the Pacific.

HENRY C. STETSON (“The Con-
tinental Shelf”) is submarine geologist
for the Woods Hole Oceanographic In-
stitution and research oceanographer at
Harvard University. After graduating
from Harvard in 1923 he went first into
paleontology, working on primitive fish-
like vertebrates, and then gradually be-
came absorbed in studies of marine sedi-
ments. He has worked at Woods Hole
ever since the Oceanographic Institution
was founded in 1930. Stetson notes that
the U. S. Navy has kept up its World
War II interest in oceanography, and he
feels that this is all to the good—“research
in this field has become so expensive that



BUSINESS IN MOTION
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The assembly shown here is the actuating mecha-
nism of an overload device, used to interrupt the
current of electricity when it exceeds a certain value.
Thus, it protects the apparatus connected to the
lines with which it is associated. Naturally, the
contacts are of copper, since copper has the highest
electrical conductivity of any commercial metal. You
will note the special forms of the two contact blocks.
These are supplied to the manufacturer as extruded
copper shapes, so that to make the contacts it is
necessary only to cut pieces of the

labor involved in handling scrap. Production also
was speeded up. Though the shape cost more per
pound than the bar, it made possible economies that
much more than absorbed this.

® Another example, not illustrated here, has to do
with an electronic device. The base plate must be
non-magnetic, and brass was chosen. The design
was rather simple, and one would not usually sup-
pose that a special extruded shape would save money.
However, to produce the part from solid bar, which
weighed 1.61 pounds per foot, re-

right length from the extrusion de-
livered by Revere, and drill the
holes.

This method of slicing parts off
a pre-formed shape can provide
important economies by greatly
reducing machining time. Take
the bottom angular contact, for
example. During development
work this piece was milled from
solid copper bar, dimensions 1 x 2

quired three separate operations.
The extruded shape weighs 1.22
pounds per foot, and its use re-
duces machining to a single opera-
tion. Result: a saving of 15 cents
per part.

® These two examples are taken
from the Revere files, which con-
tain remarkable evidence of the
economies that can be realized
through extruded shapes. If your

inches. The bar weighed 7.75
pounds per foot, and in machining it to the required
form, 1.8 pounds of scrap per foot were generated.
Copper scrap is readily salable at good prices, of
course, but the chief expense in this operation was
machining.

Once the design had proved itself under severe
tests, Revere suggested copper shapes instead of
plain bar. In the case of the angular contact, use of
an extruded shape saved 1.75 pounds per foot, a
reduction in weight sufficient to save almost 44
cents per foot over the plain bar. Larger savings were
made by the reduction in machining time, and in the

plant is doing any extensive ma-
chining of plain bar in copper and copper-base alloys,
or aluminum alloys, look into extruded shapes. They
can be furnished in much more complicated shapes
than those illustrated, and can save important sums.

If you do not work with any of the Revere Metals,
but with other materials, we suggest you get in touch
with your suppliers and see if they may not be able
to find ways to save you money. In buying, please
remember that it is not the cost per pound or ton or
gallon that is important, but the cost of the finished
item. Sometimes paying a little more for materials
may make the end product cost less.

REVERE COPPER AND BRASS INCORPORATED
Founded by Paul Revere in 1801
Executive Offices: 230 Park Avenue, New York 17, N.Y.
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If so—where?
In production control?
Payroll accounting &, o

Customer billing®

Factory automationg. as®

B

What make of equipment is best?

What changes in company
methods and procedures
would be required?

The Ramo-Wooldridge

Corporation

DEPT. SA-7, 8820 BELLANCA AVENUE,

LOS ANGELES 45, CALIFORNIA

22

Would modern electronic equip
improve a company’s operations...

decrease its costs?

v‘b

To ossist managements in answering
such questions, The Ramo-Wooldridge
Corporation through its Computer
Systems Division, offers to business
and industry the consulfing services
of a team of scientists, engineers and
business methods and procedure
analysts experienced in the applico-
tion of modern analytical and ma-
chine methods. With no equipment
of their own to sell to non-military
customers, but with understanding of
available machines and technigues,
this group is in o position to be ob-
jective in its recommendations.

Other activities of the Computer
Systems Division include o program
of development of an advanced type
of digital computer for military
applications and operation of the
company’s own computing center,
consisting of extensive, general-pur-
pose computing equipment.

These activities comprise a part of
the program whereby The Ramo-
Wooeldridge Corporation seeks to
maintain broad coverage of the im-
portant field of automation, compu-
tation and control.
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it is far beyond the means of any private
institution.”

CARL WELTY (“Birds as Flying
Machines”) is professor of zoology and
chairman of the department of biology
at Beloit College in Wisconsin. He was

| brought up in Fort Wayne, Ind., except

for summers spent on a run-down fruit
farm in Michigan, which his mother, a
widow, had bought to “turn her four
boys out to pasture” each summer. These
summers left him with a taste for nature,
and when he later went to Earlham Col-
lege, a Quaker school in Indiana, he
majored in biology. He took a master’s
degree at Haverford College in 1925 and
spent the following winter in a logging
camp In northern Ontario. He remem-
bers spending “11 hours per day logging
in the bush and two hours teaching arith-
metic and reading to French-Canadians
under the auspices of the Frontier Col-
lege of Toronto. Pay: board, bunk and
$25 a month! Hardest work I ever did.”
From there he went to Parsons College,
Iowa, where he taught biology and met
his wife, a fellow teacher. She is a free-
lance writer. Welty has been at Beloit
College since 1934. In 1946 he took a
year’s leave to head a team of American
Quakers engaged in postwar relief work
in Coblenz, Germany.

LOUIS M. STUMER (“History of a
Dig”) is an archaeologist affiliated with
the Museum of the American Indian in
New York and a professor of Peruvian
archaeology at the Universidad Nacional
Mayor de San Marcos of Lima, Peru.
Born in New York City, he attended Yale
University, where studies in the history
of art led him into archaeology “through

| the back door.” Stumer took his Ph.D. in

anthropology and archaeology at Lima.

| He began field work in Peru in 1951

with the kelp of a grant from the Wen-
ner-Gren Foundation for Anthropologi-
cal Research. In 1953 he was a visiting
fellow at Columbia University. Stumer’s
interest in Peru does not stop at archae-

| ology: he likes to watch bullfights and

to fish for trout in the Andes. He is a
widower with an 1l-year-old son who
lives with him in Peru and wants to be an
archaeologist too.
MORRIS KLINE,

who reviews

George Polya’s Mathematics and Plau-

sible Reasoning in this issue, is professor
of mathematics and director of electro-
magnetic research at the Institute of
Mathematical Sciences at New York
University. He was the author of the
article “Projective Geometry” in the
January issue.
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LITHIUM presents properties that are stimulating
to researchers, scientists and production-engineering
men—properties that open the door to possibilities in
numbetless fields. Lithium metal is lighter than mag-
nesium or aluminum. It is extremely reactive, ductile,
easily extruded and rolled, and readily melted or cast.

Lithium salts have a low melting point. Analogous
to both alkalies and alkaline earths, they are highly
teactive and form numerous low melting eutectics.

“Genie of the chemical process industries,” this
near-magical element helps good products do more
and better things. Organic chemicals, ceramics, air
conditioning, greases, metallurgy, pharmaceuticals,
brazing fluxes, atomic energy—all have benefited
from employing Lithium to bring about many impor-
tant improvements.

Why not look into this wonder chemical? It could
mean profits for yox!

OF AMERICA, INC.

Suite €
Rand Tower
Minneapolis 2, Minnesota

LE LITHIUM CORPORATION
A
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from moraine:

METAL POWDER PARTS-
products of special

Sometines @ desgi hos all the answers, except for
one ung—making I by converlional wmethods is
impraclicol.. But Moraine kas a woy that
Com oftene solue the probleme easilly, acowately,
cconomicolly . . the Moraine netal powdec process | Withe
this Morname process, parts ane wade to precision
toleromces e only one press openation. Morainess top-plight
stapf) of) desigu and. process engineens arg specialists i conuedting
difpicult designs udo moxe procticall production jobs.
MW&%{S ofy alll kinds rely ow Morainds expeuence
omd. skilll withe wetal, poudexs o mprove the quolitly
amal pedprumonce and. cut the cost ofy whot they
wake. Ond.they kwow, oo, thatt Moraine con be depended. one

fox something else just as importardi—on-time delivery
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design and processing skill

A few of the many kinds of parts
produced more accurately and at
lower cost by Moraine's metal
powder process.

Other Moraine products include:

Moraine-400 bearings,
gl tive gi bearings ever made—M-100
engine bearings and Moraine conventional bi-metal engine
bearings—Self-lubricating bearings—Moraine friction ma-
terials—Moraine porous metal parts—Moraine rolled

bronze and bi-metal bushings—Moraine power brakes— m o r ai n e

Delco hydraulic brake fluids, Delco brake assemblies,
master cylinders, wheel cylinders and parts. p ro d u c t s

DIVISION OF GENERAL MOTORS, DAYTON, OHIO

Y hect %,
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PORTABLE OSCILLOGRAPHS
simplify field testing and devel-
opment work—simultaneously
record up to six channels of data.

NEW IDEA THAT'S CUTTING
MACHINING COSTS!

® Until recently, determining
surface finish—the smoothness of
a machined part—was a matter of
shrewd guesswork or a labora-
tory project. Now plants every-
where are cutting costs with the
Brush SURFINDICATOR* —an instru-
ment designed for shop and pro-
duction-line use, that indicates
surface roughness in microinches
when a probe is guided over the
test part.

This simple check of surface
finish eliminates costly overfinish-
ing. Machine shops can meet the

specified finish, rather than pro-
ducing a smoother finish to make
sure specifications are met.
Inspection is positive, arguments
are eliminated, rejects reduced.
Plants in different locations can
easily work to the same standards.

Brush instrumentation helps
industry in all fields get the facts.
And facts are worth money. For
complete information on how
Brush can help you, write Brush
Electronics Company, Dept. B-3,
3405 Perkins Avenue, Cleveland
14, Ohio. *Trade-Mark

BRUSH ... MEANS PIONEERING IN ELECTRONICS!

BRUSH ELECTRONICS |

INDUSTRIAL AND RESEARCH INSTRUMENTS

“’REDHEADS’’ record, reproduce
or erase signals on magnetic
tape, provide perfect accuracy
in popular tape recorders.

DEVIATION TEST BRIDGE checks
up to 4000 parts per hour where
resistance, inductance or capaci-
tance can be used as a figure
of merit.

'I
|
|

E

. COMPANY

THE COVER

The photomicrograph on the cover
shows a single crystal of cadmium
iodide growing in a water solution.
The spiral pattern of the crystal is
due to a basic feature of crystal
growth (see page 74). The colors,
due to the interference of light pass-
ing through the crystal, indicate
which parts have the same thickness.

PIEZOELECTRIC MATERIALS . ACOUSTIC DEVICES
MAGNETIC RECORDING EQUIPMENT AND COMPONENTS
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DESIGNING WITH ALUMINUM

This is one of a series of information
sheets which discuss the properties of
aluminum and its alloys with relation to
design. Extra or missing copies of the
series will be supplied on request.
Address: Advertising Department, Kaiser
Aluminum & Chemical Sales, Inc.,, 1924
Broadway, Oakland 12, California.

ALUMINUM has been considered to be
a difficult metal to solder, but this is not
true today. Aluminum can be readily
soldered by using the commercially
available materials and any of the sol-
dering procedures commonly used with
other metals.

Soldering Aluminum

Aluminum can be satisfactorily sol-
dered for many applications by using a
soldering iron, torch or furnace, or by
employing dip or resistance soldering
procedures. The surface oxide film can
be readily removed by abrasion, ultra-
sonics or by using either a reaction or
organic flux. The solder usually is an
alloy of zinc containing one or more
of the elements aluminum, cadmium,
copper, silver, tin or lead. Aluminum
soldered joints exhibit excellent me-
chanical properties and their corrosion
resistance is determined by the compo-
sition of the solder. In general, the high
zinc content solders develop the best
corrosion resistance; soldered alumi-
num systems made with these solder
alloys are still very serviceable after 7
years’ outdoor exposure to an industrial
atmosphere.

Parent Alloy

The solderability of aluminum alloys
varies considerably with the amount of
alloying constituents present. All alu-
minum alloys can be soldered by the
employment of either abrasion or ultra-
sonic soldering techniques. However, if
a flux is employed to remove the oxide
film, the choice of aluminum alloys is
restricted to those containing less than
4% silicon or 3% magnesium. For this
reason, the alloys most commonly sol-
dered are EC, 1100 (2S), 3003 (3S),
5005 (K155), 5050 (50S), 6061 (61S)
and Kaiser Aluminum Utility Sheet.

Soldering Fluxes

There are two general types of alumi-
num soldering fluxes commercially
available. The first type, called a re-
action flux, relies on the reaction of a
metal halide, such as zinc chloride or
tin chloride, to remove the oxide film.
This type of flux is generally preferred
for soldering alloys containing magne-
sium or for soldering at temperatures
of 650°F or higher. Reaction type fluxes
are readily used in most soldering op-
erations. However, the flux residue is

TABLE | Typical Compositions of Solders Commonly Used to Solder Aluminum
Melting Corrosion
Alloy Solder % Sn | %Zn | %Pb | %Cd | %Al [% Cu Temperature* Resistance
1 Zinc 96.2 3.8 750 Best obtainable
Base
2 94 4 2 740 Best obtainable
3 81.6 3 4 10 5 750 Good
4 Tin 28.2 70.9 .6 3 710 Suitable for most
Containing indoor and some
outdoor applications
5 64.9 35.1 615 “
5 | 50 15 5 | 315 3 570
7 Lead 40.6 21 37.7 7 680 Must be protected
Containing outdoors but suit-
able for many indoor
applications
8 317 9 51 8 3 485 "
9 | 50 21.5 28.5 640 o

*Tempzarature at which the solder is completely liquid.

Alioys 1, 2 and 3 are widely used as abrasion type
solue.s and are best applied using a gas torch. In
addition, they can be used with reaction type fluxes
and the commonly used sources of heat.

Alloys 4, 5 and 6 are general purpose alloys and
are usually used with reaction type fluxes although
they can be used with the organic types of fluxes if

care is taken to avoid overheating. Torch, furnace
and dip soldering procedures are generally used with
these alloys.

Alloys 7, 8 and 9 are frequently used with the or-
ganic type of flux in low temperature soldering oper-
ations. These solders can be used with any of the
common sources of heat, including the soldering iron.

© 1955 SCIENTIFIC AMERICAN, INC
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capable of accelerating corrosion and it
should be removed by thorough wash-
ing after the soldering operation is
complete.

The second type of flux widely mar-
keted is a chloride-free organic flux.
This flux is normally useful only for low
temperature soldering operations. The
flux residue does not materially accel-
erate corrosion. Hence, organic fluxes
have been used successfully in some
commercial applications where the re-
moval of flux residue is impracticable.

Fig. 1.

This photograph shows an aluminum cable
being soldered by immersion in a bath of molten sol-
der. Using fluxes developed by Kaiser Aluminum, it is
as easily dip soldered as the most soluble metals.

Solders

The commercial solders can be classi-
fied into three general groups. The first
group consists of alloys of zinc con-
taining 3 to 10% aluminum and small
amounts of other metals such as cop-
per, silver and iron. This group of sol-
ders form the most corrosion resistant
soldered assemblies, but they require
soldering temperatures of 750°F to
800°F. The mechanical strength of
joints made with the high zinc solder is
excellent.

The second group of solders contain
zinc and tin with small additions of
copper, lead, cadmium or silver. They
require soldering temperatures of
650°F to 750°F. These solders are
general purpose materials and are ex-
tensively used by industry for those
applications requiring a fairly simple
soldering operation but where some
sacrifice in corrosion resistance is per-
missible. The mechanical strength of

PLEASE TURN TO NEXT PAGE m»
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DESIGNING WITH ALUMINUM Continued

joints made with these solders is satis-
factory for most applications; the shear
strength will range from approximately
8,000 to 15,000 psi (pounds per square
inch) of soldered area.

The third group of solders contain
tin and zinc with major additions of
lead and/or cadmium. These solders
are characterized by low melting tem-
peratures, which in turn permit low sol-
dering temperatures of 450°F to 650°F.
The shear strength of the soldered joints
approaches that of soft soldered joints
made in copper, i.e. about 7,000 psi.
These solders produce joints having
the lowest corrosion resistance but they
are the easiest to use in a soldering
operation.

Fig. 2. Photomicrograph showing a cross section of
an aluminum cable soldered by immersing it in a
molten bath of 70% Zn 30% Sn solder using a liquid
flux developed by Kaiser Aluminum. 5X.

Soldering Procedure

The fundamental operations involved
in soldering are simple. The surface ox-
ide film is removed and molten solder
flowed over the clean surface to form
a bond with the parent metal.

The first step in a soldering opera-
tion is the removal of the extraneous
dirt and grease present on the surface.
The commonly soldered aluminum al-
loys can be easily cleaned with organic
solvents such as alcohol, carbon tetra-
chloride, etc. If the surface is badly
weathered it should be wire brushed.
The clean metal can then be soldered
using either manual or mechanized sol-
dering procedures commonly used for
soldering other metals. The actual
choice of solder, fluxes and soldering
procedure will depend upon the spe-
cific joining problem at hand.

For manual soldering operations, gas
torches, resistance tongs, or a molten
bath of solder are commonly used as
heat sources. Gas or electrically heated
soldering irons find limited use for sol-
dering thin aluminum assemblies or
relatively small articles. A flux is gen-
erally used to remove the oxide film
when using any of the heat sources men-
tioned. The solder can be either manu-
ally fed into the joint by using a rod of
solder or it can be preplaced in the
joint in the form of shims, rings, wash-
ers, etc. Ultrasonic vibrations have re-
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Fig. 3. This photomicrograph at 100X shows an en-
larged section of the cable shown in Fig. 2. The sol-
der has filled the interstices of the cable and joined
the individual strands to each other to provide an
electrical joint of minimum resistance.

cently been introduced as a means of
removing the oxide film on aluminum.
Such vibrations currently have some
limited use when dip soldering in a
bath of solder. Furthermore, specially
constructed ultrasonic soldering irons
are being used fairly successfully. When
soldering with a torch or ordinary sol-
dering iron, it is also possible to use
abrasion to remove the oxide film. This
can be done by heating the aluminum
with a torch or iron to the soldering
temperature, melting a small amount of
solder on the surface, and then remov-
ing the oxide film by abrading it with
steel wool or a wire brush. Alterna-
tively, a specially alloyed solder mar-
keted as abrasion or friction solder may
be rubbed directly on the surfaces to be
soldered. If this is done, the oxide film
is removed and the aluminum is coated
with solder in one operation.

In mechanized soldering operations
the heat sources are usually multi-
burner torches, resistance tongs, a
molten solder bath, electric resistance
furnaces or electrical induction. A flux
is usually used to remove the oxide in
mechanized operations. The solder is
preplaced in the joint using the com-
mon forms of preplaceable material,
such as shims, washers, etc. Another ef-
fective method is to “pre-tin” at least
one of the surfaces to be soldered to
produce a coating of solder on its sur-
face. This solder coating will melt when
heated and it furnishes the solder neces-
sary to fill the joint. Recently, some use
has been made of ultrasonic vibrations
applied directly to the dip soldering
bath for removing the oxide film. In
general, mechanized soldering opera-
tions should be completed in the short-
est time possible to minimize warpage.
The maximum speed attainable is de-

or write for copy
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termined by equipment limitations, al-
though soldered aluminum joints have
been made at speeds of over 200 feet
per minute.

Corrosion Resistance

Soldered aluminum assemblies corrode
because of the galvanic cell which re-
sults from the difference in electrode
potential between the aluminum and
the solder. These galvanic cells can be
likened to small batteries in which the
aluminum is the anode, the solder is the
cathode, and the corrosive medium is
the electrolyte. The current flowing in
such a simple cell will be determined
by the potential difference between the
anode and cathode and the electrical
resistance of the cell. If this analogy is
correct, those metals having electrode
potentials close to that of aluminum
would make the most corrosion resist-
ant soldered assemblies. On the other
hand, those having the greatest poten-
tial difference would make the least
corrosion resistant assemblies. In addi-
tion, we would expect the corrosion rate
to be greatest in electrolytes or corro-
sion media which are good conductors
of electric current. Conversely, cor-
rosion would be the slowest in those
which are poor conductors of electricity.
In general we find this is true. The elec-
trode potential of zinc is close to that of
aluminum, and solders containing high
percentages of zinc provide the most
corrosion resistant soldered joints. Con-
versely, both lead and tin have poten-
tials that are more widely separated
from aluminum; hence, they provide a
system having poor corrosion resist-
ance. Therefore, the tin-lead solders
commonly used with other metals are
not suitable for soldering aluminum un-
less the assembly is protected from cor-
rosive environments. In addition, we
find that the corrosion rate is greatest
in good electrolytes, such as salt solu-
tion, and is least in a poor conductor,
such as pure water. Corrosion stops en-
tirely when the assembly is exposed to
dry air, under which condition no elec-
trolyte is present.

More detailed assistance with design,
alloy selection and fabrication proce-
dures are obtainable through the Kaiser
Aluminum sales office listed in your
telephone directory, or through one of
our many distributors. Kaiser Alumi-
num & Chemical Sales, Inc. General
Sales Office: Palmolive Bldg., Chicago
11, Ill.; Executive Office: Kaiser Bldg.,
Oakland 12, California.

uminui
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Now... moistureproof adhesive bonds
for ceramic materials

A unique new primer developed by Armstrong now assures moistureproof ad-
hesive bonds on glass, vitreous enamel, and similar ceramic materials. This primer
—J-1190—makes possible bonds that withstand high humidity and even immer-
sion in boiling water.

Ordinarily, ceramics tend to hydrate, or adsorb water. This causes a molecular
change in the ceramic surface, making it in effect gelatin-like. Under stress, this
microscopically thin hydrated surface may separate. As a result, bonds apparently
fail, often under the weight of the material itself.

J-1190 Primer eliminates this cause of bond failure by keeping ceramic surfaces
from hydrating. This newest product of Armstrong adhesive research can solve the
moisture problem found in a variety of ceramic applications; for example, bonding
porcelain enamel panels to hardboard. If youre bonding ceramics, Armstrong
J-1190 should solve the moisture problem for you, too.

For more information, write Armstrong Cork Company, Industrial Division,
8003 Inland Road, Lancaster, Pa. In Canada, 6911 Decarie Boulevard, Montreal.

@'mst rong

ADHESIVES ¢ COATINGS e« SEALERS

« « « used wherever performance counts
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How People Interact
in Conferences

In which talk is subjected to formal observation and analysis.

A sample finding of the investigation: The average conference

group has dual leaders, an “idea man” and a “best-liked man”

of the talking that people do when

they get together. Talk is an elu-
sive object of study, in spite of the fact
that a good deal of it exists. It is also a
rather sensitive subject. Even a friend
might find it hard to put up with a dis-
section of the following kind: “I was just
noticing how much you talk. In the last
10 minutes I noticed that you made a
total of 114 remarks, while I made a
total of 86. According to my count you
gave about twice as many opinions as
facts. Although I agreed with you 15
times and didn’t disagree at all, I noticed
that you stammered once and blushed
twice.”

I first began to develop a systematic
procedure for analyzing social interac-
tion when I became interested in trying
to account for the success of Alcoholics
Anonymous in helping apparently hope-
less drinkers to stop drinking. Although
I attended meetings and talked with
many members, I did not feel free to ask
all the questions I wished. Consequent-
ly I fell back on observation and began
to develop crude methods for recording
who did what, who spoke to whom, and
how. Eventually even this quiet occupa-
tion began to appear sinister and the
effort was abandoned. But by this time
my fascination with the process of so-

f ; ocial interaction is made up largely

by Robert F. Bales

cial interaction had developed to the
point of no return. I decided that I must
pursue my studies in the more favorable
conditions of a laboratory.

A number of laboratories for the study
of social interaction within small groups
and organizations have been started in
the last 10 years—in hospitals, clinics,
special research centers and military in-
stallations. The studies and experiments
I shall describe were conducted in one
of the earliest of these laboratories, estab-
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lished in 1947 at Harvard University.

The laboratory consists of a large,
well-lighted room for the group under
study and an adjoining room for ob-
servers, who listen and watch from be-
hind windows with one-way vision. The
subjects are told at the beginning that
the room has been constructed for the
special purpose of studying group dis-
cussion, that a complete sound record-
ing will be made and that there are ob-
servers behind the one-way mirrors. The

\f me ser..
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purpose of the separation is not to de-
ceive the subjects but to minimize inter-
action between them and the observing
team.

After much research we developed a
4+ standardized task from which sig-
nificant generalizations could be drawn.
A group of persons (ranging from two
to seven in number) is asked to discuss
a complex human relations problem of
the sort typically faced by an adminis-
trator. Each member of the group first
reads a five-page presentation of facts
about the case to be discussed, but each
is left uncertain as to whether he has
been given exactly the same range of
facts as the others in the group. The
members are not introduced to one an-
other or coached in any way; they must
develop their own organization and pro-
cedure. They are to consider the facts
and report to an administrator, as if they
were his staff, their joint conclusions con-
cerning the problem and what should be
done about it. They are allowed 40 min-
utes for the discussion. The group is ob-
served for four such sessions.

On the other side of the one-way
screen the observers systematically re-
cord every step of the interaction, not
omitting such items as nods and frowns.
Each observer has a small machine with
a moving paper tape on which he writes
in code a description of every act—an
act being defined essentially as a single
statement, question or gesture. Acts
ordinarily occur at the rate of 15 to 20
per minute. The recorded information on
each includes identification of the person
speaking and the person spoken to and
classification of the act according to pre-
determined categories. There are 12
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categories, covering positive and nega-
tive reactions, questions and attempts to
solve the problem by the offering of in-
formation, opinion or suggestions [see
table on opposite page].

As this table shows, on the average
about half (56 per cent) of the acts dur-
ing a group session fall into the cate-
gories of problem-solving attempts; the
remaining 44 per cent are distributed
among positive reactions, negative re-
actions and questions. In other words,
the process tends to be two-sided, with
the reactions acting as a more or less
constant feedback on the acceptability
of the problem-solving attempts. The
following is a typical example of the pat-
tern of interchange:

Member 1: “I wonder if we have the
same facts about the problem? [Asks for
opinion.] Perhaps we should take some
time in the beginning to find out.” [Gives
suggestion. ]

Member 2: “Yes. [Agrees.] We may
be able to fill in some gaps in our in-
formation. [Gives opinion.] Let’s go
around the table and each tell what the
report said in his case.” [Gives sugges-
tion.]

This example illustrates that a speak-
er’s first remark is likely to be a reaction,
and if he continues speaking, the prob-
ability is very high that his second act
will be a problem-solving attempt. The
lower chart on the opposite page sums
up this finding statistically: about 50 per
cent of the time a member’s first remark
in a series is a reaction; if he continues,
about 80 per cent of the succeeding
comments are opinions or other offerings
classed as attempts to solve the problem.

When we examine the reactions, we
find that positive reactions commonly
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outnumber negative ones about two to
one during a session. It is as if after every
negative reaction, the members of the
group feel they must make another prob-
lem-solving attempt which meets with
a positive reaction “just to catch up,”
and net forward progress is felt to be
sufficiently secure only when a repeti-
tion of the problem-solving attempt
meets unopposed acceptance. It may be
that members employ repetition, or near
repetition, as an error-checking device to
determine whether the others “really
agree.” Social interaction, in common
with many other goal-seeking control
mechanisms, seems to depend upon error
and correction of error for guidance.

rl‘he process of attempting to arrive at
a group decision through discussion
is in many ways very like the operation
of a large-scale communication and con-
trol system such as an air-defense net-
work. I recently compared the two
processes in collaboration with John
Kennedy of the Systems Research Lab-
oratory at the Rand Corporation.

In the military case there are three
functions to be performed: surveillance
of the air by radar, identification of
planes as friendly or unknown and di-
rection of fighters sent out to intercept
unknown planes. These are something
like the three problems confronting our
groups in the standard interaction task:
assembling the given information on the
case, evaluating it and proceeding
toward a solution as the goal. Now the
stepwise operations involved in the air-
defense system may be tolerably well
described as an interlocking series of
seven types of information-processing
operations [see chart on page 34]. Here




«x stands for the path of a plane tracked
by radar, and O represents the class of
objects unknown. If no known flight
plan of a friendly plane coincides with
x—a fact represented by the symbol y—
then x must belong to the class O. Since
there is a general rule, W, that all un-
known planes are to be intercepted, the
conclusion is that a specific order, w,
should be given to intercept .

Such a decision, involving many
groups and interlocking processes, is ob-
viously a very complicated affair, social-
ly as well as technically. The job of the
decision-making organization is essen-
tially to build and maintain through
means of communication and evaluation
a sufficiently complex and commonly ac-
cepted symbolic structure to guide or
control the stages of behavior of all the
operating units. Effective decision mak-
ing is basically a continuous process of
building and maintaining a structure of
cultural objects which in their totality
constitute the common culture of the or-
ganization affected.

The seven types of acts, or stages, just
described are very general: they apply
quite as well to the interaction of five
experimental subjects in the laboratory
group, trying to decide in 40 minutes
what the administrator in their case
should do about his problem, as to the
large-scale operations of an air-defense
network. Not all of the elements in the
process are primarily logical in charac-
ter. They involve elements of perception,
memory, association and perhaps induc-
tive insight. All sorts of motivational and
evaluative pressures affect the process.
The steps make sense not as a formally
perfect chain of logic, but rather as a set
of symbol transformations which help to
guide, although in an imperfect way, a
process of decision-making behavior.
Error checking is an integral part of this
tallible process.

The reason for calling attention to the
seven-step structure of the process is that
it may help to explain the unequal ratios
of suggestions, opinions and information
offered in the problem-solving attempts
of the groups in our tests. As the first
table shows, of every seven problem-
solving attempts, on the average four are
opinions, two are offers of information
and one is a suggestion. It seems signifi-
cant that in the idealized seven-step out-
line of the air-defense operation two
steps have the interaction form of giving
information, four intermediate steps
have the interaction form of giving opin-
ion and only one step, the final one, has
the form of giving a suggestion.

From the transcription of a group dis-
cussion it is often possible to reconstruct
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TYPES OF ACTS in social interaction may be classed in four main categories: positive
reactions, problem-solving attempts, questions and negative reactions. The averages for 96
group sessions show that 56 per cent of the acts fall into the problem-solving category.
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PATTERN OF ACTION of individuals in a discussion is illustrated statistically. When
a member takes the floor, his first remark (colored curve) is likely to be a reaction to the
preceding speaker. His next remarks (black curve) tend to be problem-solving attempts.

complete seven-step chains leading to
agreement on specific points and the final
conclusion. In a general way there is
even a tendencyv for the steps to pro-
ceed in a regular order in time. During
a session the rates of giving information
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tend to be highest in the first third of
the meeting and to decline in the next
two thirds [see chart on page 35]. Rates
of giving opinion are usually highest in
the middle portion of the meeting. Rates
of giving suggestion are generally low in

33



the early period and reach their high
point in the last third of the meeting.
Rates of both positive and negative
reactions tend to rise from the first third
of the meeting to the last third. These
increases may be connected mainly with
social and emotional problems of the
group process itself. The ratio of nega-
tive to positive reactions tends to be
higher in response to suggestions than in
response to factual statements. The de-

| STATES PRIMARY OBSERVATION:
| OBSERVE A PARTICULAR EVENT, X.

cision point is a critical bottleneck in the
process. Once the decision point has
been passed, however, the rates of nega-
tive reaction usually fall off and the rates
of positive reaction rise sharply. Joking
and laughter, indicating solidarity and
tension release, become more frequent.
With the problems of the task and com-
mon values stabilized for the time being
by the decision, the interaction process
apparently turns to restabilizing: the

2 MAKES TENTATIVE INDUCTION:

THIS PARTICULAR EVENT, X, MAY BELONG TO THE GENERAL

CLASS OF OBJECTS, O.

3 DEDUCES CONDITIONAL PREDICTION:

IF THIS PARTICULAR EVENT, X, DOES BELONG TO THE GENERAL :
CLASS, O, THEN IT SHOULD BE FOUND ASSOCIATED WITH \ =,

ANOTHER PARTICULAR EVENT, Y.

4 STATES OBSERVATION OF CHECK FACT:
| OBSERVE THE PREDICTED PARTICULAR EVENT, Y.

5 |IDENTIFIES OBJECT AS MEMBER OF A CLASS: 4]

| THEREFORE IDENTIFY X-Y AS AN OBJECT WHICH IS A MEMBER

OF THE PREDICTED GENERAL CLASS OF OBJECTS, O.

6 STATES MAJOR PREMISE RELATING CLASSES OF OBJECTS:

ALL MEMBERS OF THE GENERAL CLASS OF OBJECTS, O, SHOULD
BE TREATED BY WAYS OF THE GENERAL CLASS, W.

7 PROPOSES SPECIFIC ACTION:

THIS PARTICULAR OBJECT, X-Y, SHOULD THEREFORE BE TREATED

IN A PARTICULAR WAY, W.

‘I (o] W

®O)®

PROCESS IN REACHING A GROUP DECISION is analogous to the operation of a large-
scale communication and control system such as the air-defense network. The steps consist
of observing an object or event, comparing it with several possible identifications, consid-
ering the associated facts and, once its nature is understood, taking the appropriate action.
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emotional states of the individuals and
their social relations to one another.

There is a good deal of evidence that
the process of social interaction, like
other processes involving feedback,
tends to fall into oscillation as it “hunts”
around a hypothetical steady state. Over
a small time span the action tends to
alternate every few acts between the
problem-solving attempts of one person
and the social-emotional reaction of
some other. But this rapid oscillation is
not quite rapid enough to keep all ele-
ments of the process in perfect balance.
There is a drift toward inequality of par-
ticipation, which in time has cumulative
effects on the social relationships of the
members. The reason for this drift may
be seen fairly easily. When a person has
completed one act, the chances are a
little better than even that he will con-
tinue for another act. After each suc-
ceeding act his probability of continuing
drops, but never as far as if he simply
flipped a coin at each point to determine
whether to continue or to yield the floor.
In fact, relatively speaking, he exceeds
this chance probability by a larger and
larger fraction with each succeeding act.

We have already noted that when a
person continues several acts in succes-
sion the probability is very high that he
is giving information, opinion or sug-
gestion—in other words, specializing in
problem-solving attempts. We may also
infer from the seven-step theory of
problem-solving attempts that the tend-
ency to continue for several acts in suc-
cession is probably due in part to a felt
need on the part of the speaker to pro-
vide inferences and check facts which
will result in the acceptance of a more
advanced step in the series, with an ac-
cepted suggestion as the goal.

This tendency toward inequality of
participation over the short run has cu-
mulative side effects on the social or-
ganization of the group. The man who
gets his speech in first begins to build a
reputation. Success in obtaining accept-
ance of problem-solving attempts seems
to lead the successful person to do more
of the same, with the result that eventu-
ally the members come to assume a rank
order by task ability. In some groups the
members reach a high degree of con-
sensus on their ranking of “who had the
best ideas.” (The members are inter-
viewed by questionnaire after each meet-
ing.) Usually the persons so ranked also
did the most talking and had higher than
average rates of giving suggestions and
opinion,

While one person becomes a specialist
in advancing ideas, another is apt to be



developing a specialization on the reac-
tive side. The men most commonly rated
“best liked” typically have higher than
average rates of showing tension release
(mainly smiling and laughing) and
showing agreement. It is not impossible
for the man ranked at the top in ideas
also to be best liked, but apparently it is
difficult. In one set of experiments the
top idea man had about an even chance
of also being best liked at the end of the
first meeting, but by the end of the
fourth meeting his chances were only
about one in 10. The best-liked man is
usually second or third in the participa-
tion hierarchy.

The task specialist seems to “lock
onto” the person who is most responsive
to what he is saying and address more
remarks to him than to the others. In
turn, the best-liked man talks more and
agrees more with the top-ranking idea
specialist than with any other member.
The idea specialist and the best-liked
man often form a mutually support-
ing pair. However, the best-liked man
may attract the idea specialist even
though they are not always in agree-
ment. Indeed, in order for a person to
become established in the minds of other
members as a social-emotional special-
ist, it is probably more important that he
be representative of their reactions, both
positive and negative, than that he
should ardently support everything the
task specialist says. Apparently reac-
tions that are emotionally gratifying to
other members tend to be generalized
by them into liking for the person who
expresses the reactions.

Giving suggestions, necessary as it may

be for accomplishment of the task,
is more likely to arouse negative re-
actions than is giving information or
opinions. This tends to put the task spe-
cialist in a vulnerable position. The
group commonly develops a certain
amount of negative feeling toward him.
Not only is he likely to lose the status of
being best liked, but he may lose his
position as task leader unless he is sensi-
tive to the problem and is well sup-
ported by other members. Even in a
group which ends its first meeting with
a high consensus on who has the best
ideas, the second meeting is apt to see a
challenge to his leadership, with a rise
in rates of disagreement and antagonism
and a precipitous drop in his popularity.
But then, in a group where the original
consensus was high, a peculiar thing
seems to happen. Apparently as progress
toward accomplishment of the task slows
down, some members rally around the
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leader again and his popularity tends to
rise. By the third meeting the rates of
disagreement and antagonism go down.
The task leader may not retain all the
liking that was transferred to him in his
time of need, but the net effect of the
hunting kind of oscillation that takes
place is a tendency to maintain the orig-
inal rank order of task ability.

In a group that starts with a low de-
gree of consensus on who has the best
ideas, the developments usually are
more dismal. There tends to be a high
turnover in the top ranks throughout the
four meetings, with one would-be leader
replacing another. In such a group the
man ranked as having the best ideas is
less apt to be best liked. Furthermore an
additional specialist is likely to appear—
a man who talks more than anybody else
but is neither best liked nor most highly
respected for his task ability.

It appears probable that whether the
members will agree on who has the best
ideas depends to a large degree on how
well they agree on basic premises or
norms—what we may call the “common
culture.” If such consensus is not present,
at least implicitly, at the beginning, it
may take a long time to build. While
consensus on major values does not solve
all the problems of arriving at a stable
social organization, probably no stable or-
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and positive and negative reactions

increase.

ganization is possible without this control
factor. Ifitis lacking, the interaction proc-
ess becomes primarily a means for the
expression of individual emotional states.

Our studies have made clear that so-
cial stability is an extremely complex
achievement: it takes time and patience
to arrive at a common culture extensive
enough and sensitive enough to regulate
strong counter motives, to promote task
accomplishment, to harmonize social re-
lationships and to rejuvenate itself
whenever the conditions demand. A
clear recognition of the complexity of
cultural control of behavior should en-
courage us to believe that interminable
series of meetings around the conference
table, international and otherwise, are
perhaps worth while after all.
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Radiolelescopes

Their evolution accelerates the pace of astronomy. One now being

built will have a reflector 250 feet across. Another proposed
here would have a main antenna 2,000 feet long and 200 feet high

sensitive to radio waves instead of

light, the sky would appear very
strange. The sun would be much less
bright, while the Milky Way would shine
with tremendous brilliance. Hundreds of
new “stars” would dot the sky, forming
totally unfamiliar constellations. We
would be able to see great turbulent
clouds of gas in space, and the billow-
ing gaseous remnants of exploded stars
called supernovae. One of the brightest
objects in the heavens would be a pair
of galaxies in collision 200 million light
years from us, which are visually so faint
that they can be photographed only by
long exposures with the largest optical
telescopes.

The radio energy given forth by this
source, called Cygnus A, startles even
astronomers, who are used to large num-
bers. In a single second Cygnus A emits
an amount of radio energy which, if con-
centrated and translated to heat, would

If our eyes were suddenly to become

by John D. Kraus

supply all the earth’s requirements of
heat and power for the next trillion
years. Its radio emission is so strong that
it could easily be detected by a radio
telescope even if it were 15 times farther
away—a distance far beyond the reach
of our biggest optical telescope, the 200-
inch on Palomar Mountain.

Cygnus A dramatically illustrates the
new window to the universe opened by
the radio telescope. Radio “sight” opens
up to us a much greater range of space
than we are able to explore visually. It
also brings into “view” for the first time
shorter-range objects which are too cool
to emit much light. And it clears away
mists that fog our vision through optical
telescopes; radio waves penetrate the
clouds and haze of our atmosphere and
the screens of gas and dust in interstellar
space.

Radio astronomy today is in about
the same stage of infancy as visual as-
tronomy was soon after Galileo invented

the first optical telescope. It has opened
a new window, but it is still seeing
“through a glass, darkly.” With all its
advantages, the radio telescope has a
great inherent handicap: radio waves do
not locate and resolve objects as pre-
cisely or sharply as light waves. Our
present radio telescopes cannot pinpoint
radio stars; their sharpest beams define
the source only diffusely. But radio tele-
scopes are developing swiftly. Plans for
the building of larger and more in-
genious versions are being announced
almost every month, and we can look
forward to more exciting discoveries.

The crux of the resolution problem is

the radio telescope’s antenna, which
corresponds to an optical telescope’s
light-gathering and focusing reflector or
refractor. Radio astronomers have given
their imaginations free play in designing
antennas, and today a strange assortment
of dishes and arrays of sensitive radio
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feelers is pointing skyward in various
parts of the world.

Resolving power is the measure of a
telescope’s ability to distinguish separate
objects that are close together. Ideally
the radiation from a point source (a star
or other single astronomical object)
should be brought to a focus at a point
to form an image as sharp as the source.
In practice, even in an optical telescope,
the image is never a point but a smeared-
out dot, brightest in the center and fad-
ing off toward the edge. When two stars
are so close together that their images
overlap, the telescope fails to resolve
them.

The resolution of any telescope—op-
tical or radio—is proportional to its
aperture expressed in wavelengths. The
human eye has an aperture (pupil di-
ameter) of about an eighth of an inch,
which amounts to 6,000 wavelengths of
light. It can distinguish between objects
separated by an angle of about a hun-
dredth of a degree. Radio’s problem is
that it is dealing with wavelengths im-
mensely longer than those of light. To
equal the resolution of the human eye,
a radio telescope receiving signals at one
meter wavelength would need an anten-
na nearly four miles across (6,000 me-
ters). To match the resolution of the
Palomar Mountain telescope, with its
200-inch aperture, a radio antenna re-
ceiving at the one-meter wavelength
would have to be as large as the diameter
of the earth!

No radio telescope will ever approach
the resolving power of the optical in-
struments, but the gap can be narrowed.
Some gain in resolution can be achieved
by selecting for reception the shorter
radio wavelengths of the celestial broad-
casts. However, the major room for im-
provement lies in building larger anten-
nas. This is desirable not only because a
big antenna increases resolution but also
because it collects more radio energy
and hence can detect fainter sources.

In radio terms resolution is measured
by beam width: the sharper the beam,
the better the resolution. A beam in this
sense means that the antenna receives
the signal most strongly when it is
pointed directly at the source; in other
words, the antenna must be directional.
As it swings away from the direction of
the source, the directional antenna re-
ceives less and less of the signal’s
strength. Radio engineers picture the re-
ception pattern schematically as a long
lobe, with the peak of the lobe repre-
senting the maximum strength of the
signal and the curvature of the lobe
representing the fall in signal strength as
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the antenna turns away from the direc-
tion of the source [see upper diagram on
preceding page]. The resolving power is
measured by the sharpness of the peak;
it is usually expressed as the “half-power
beam width,” which means the width of
the arc along which the antenna re-
ceives half or more of the maximum sig-
nal power. The smaller this arc, the
more finely the antenna can pick out
separate objects in the sky.

As we have noted, the aperture, or
diameter, of the antenna and the wave-
length of the signal determine the re-
solving power of a radio telescope. The
half-power beam width is calculated to
be 60 divided by the diameter of the
antenna in wavelengths. Thus an an-
tenna two wavelengths across has a beam
width (or resolution) of 30 degrees; an
antenna 20 wavelengths across has a
beam width of three degrees. When the
antenna is circular or square, its beam
has the shape of a pencil or a cigar.
When it is oblong, the beam is shaped
like a fan or a beaver tail.

T he function of the antenna is to focus

the incoming radio waves at one
point. That s, its action is essentially the
same as that of a light-gathering tele-
scope. One type of antenna is, indeed,
very like the mirror of an optical tele-
scope. A parabolic “dish,” either solid or
made of a wire screen, reflects incoming
radio waves to a focal point, where a
small dipole or rod picks up the energy
and converts it into an electric current
which is then conveyed by a cable to a
sensitive receiver. The receiver amplifies
the signal and records it graphically by
means of a pen tracing curves on a sheet
of paper.

Dishes of this kind are in use at a num-
ber of observatories today. Many of
them are salvaged “giant Wurzburgs”—
the 25-foot dishes built by the Germans
as radar antennas during World War II.
This antenna has a pencil beam which
at a wavelength of 65 centimeters is five
degrees wide. The U. S. National Bu-
reau of Standards is using several such
antennas at Boulder, Col., to study radio
emission from the sun and its day-to-day
effects on radio communication on the
earth. At Harvard University Bart J.
Bok, Harold I. Ewen and their associates
are investigating the radio “song” of hy-
drogen in space with a similar parabolic
reflector.

The nearest approach to an optical
mirror in a radio telescope is a 50-foot
parabolic antenna of cast aluminum at
the Naval Research Laboratory over-
looking the Potomac River in Washing-
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Telescope of the Naval Research Laboratory in Washington, D. C., is 50 feet in diameter.
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Radio interferometer at Sydney, Australia, has a 700-foot array of 32 parabolic reflectors.

Larger telescope near Sydney has 600 dipoles mounted above a chicken-wire reflector 1,500 feet long.
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Telescope built at Ottawa by the National Research Council of Canada has a horn 150 feet long
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ton, D. C. [see photograph on page 38].
This huge dish has a pencil beam less
than one half of a degree wide at a wave-
length of nine centimeters and an even
sharper beam at shorter wavelengths.
The surface of the dish is machined to
such accuracy that it can be operated at
wavelengths of one centimeter and less.
At a wavelength of nine centimeters it
has detected radio signals from a num-
ber of gaseous nebulae. The antenna,
mounted on a converted gun platform,
can be swung in both the horizontal and
the vertical directions.

The largest steerable dish in the world
is now under construction at Manchester,
England [see “Radio Stars,” by A. C. B.
Lovell; SCIENTIFIC AMERICAN, January,
1953]. The parabolic bow] of this colos-
sus will be 250 feet in diameter and
weigh 300 tons. The telescope will op-
erate over a considerable range of wave-
lengths and will be extremely versatile:
it will be used to explore concentrated
radio sources and the clouds of inter-
stellar hydrogen, to locate meteors by
radar, to bounce radar signals off the
moon and possibly also from the planets.
At a wavelength of 1.9 meters it will
have a pencil beam less than two de-
grees wide.

r F he parabolic reflector is only one of
several devices by which radio waves
can be focused. Another is a flat array
of dipoles. When the array faces directly
toward the radio source, the incoming
wave front reaches all the dipoles simul-
taneously, and the signal is recorded at
maximum strength. When the wave front
comes in at a slight angle, it arrives at
one dipole a little earlier than at the next
[see general illustration on page 43].
The resulting interference of the out-of-
phase waves reduces the strength of the
signal. At a slightly greater angle, where
the arrival at each dipole is a full wave-
length behind the one before, the waves
reinforce one another and there is an
increase in signal strength, though not
to the maximum recorded when all the
dipoles face the source. As a result, the
pattern of reception as the array scans
the radio source is multilobed, with the
big central lobe showing the maximum
signal strength and the spaces between
the lobes representing fade-outs of the
signal due to wave interference. If the
dipoles are placed close together (about
a wavelength or less apart), the side
lobes are largely suppressed and the cen-
tral lobe stands out.
An array of dipoles 1,500 feet long
was built recently on flat land near Syd-
ney, Australia, by B. Y. Mills of the
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Commonwealth Scientific and Industrial
Research Organization. This antenna
has 600 dipoles mounted above a 1,500-
foot horizontal reflector made of chicken
wire. Because it is long and narrow, it
has a fan-shaped beam. At a wavelength
of three meters the beam is only one de-
gree wide in its narrow dimension (i.e.,
the fan is one degree thick). The dipoles
are fixed, so that ordinarily the beam
points only at the sky directly overhead.
But by varying the lengths of the con-
nections from the various dipoles to the
receiver—a method called electrical
phasing—the antenna can be “tilted,” in
effect, to sweep the sky as far as 45 de-
grees from the zenith.

To improve the resolution of this tele-
scope a second array 1,500 feet long has
now been built at right angles across the
first, forming a huge cross. Where the
two fan beams intersect, they produce a
pencil beam, which at a wavelength of
three meters is about one degree in
diameter. This arrangement has as fine
resolution as would an antenna 1,500
feet square, though it does not collect as
much power.
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Instead of dipoles the antenna may
use another kind of unit with a more
efficient focusing action. It is a wire
coiled in the shape of a helix. When a
wave front arrives at the upper end of
the helix, the part of the wave that strikes
the wire is slowed down. The remainder
of the wave, traveling faster through the
air, is bent inward toward the helix,
much as a light ray is bent by a lens. In
this way a helix can gather in and focus
much more radio energy than is inter-
cepted by the cross-sectional area of the
helix [see bottom diagram on next page].

An antenna consisting of an array of
helices has been built at the Ohio State
University [photograph on opposite
page]. Its 96 helices are as effective as
nearly 1,000 dipoles. The antenna has a
fan-shaped beam which at a wavelength
of 1.2 meters is one degree thick and
eight degrees wide. The helices are
mounted on a long steel reflector which
can be pivoted on its long axis to sweep
an eight-degree strip of the sky. With
this antenna more than 200 localized
and a number of extensive radio sources
have been detected. One source of radio
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emission, extending over a long path
across the sky, coincides with the plane
of the supergalaxy of which the Milky
Way is a part.

Still another device for focusing radio
waves is borrowed from acoustics. It
uses a horn to funnel the radio waves to
a point. An antenna of this kind has been
built by the National Research Council
at Ottawa, Canada. It is shaped like a
long trough, 150 feet long, 18 inches
wide and only one foot deep. Radio
energy collected by the horn pours
through slots into a pipe (waveguide)

which conducts it to the receiver. With
this horn A. E. Covington obtains a fan
beam one eighth of a degree thick by 22
degrees wide (at 10 centimeters wave-
length). He has employed the beam to
study the radio emission from small areas
or spots 6n the sun.

Combinations of some of the foregoing

methods are of course possible. For
example, the features of a parabolic re-
flector can be joined with those of a
dipole array by placing a line of dipoles
along the focus of a cylindrical parabola.

PARABOLIC REFLECTOR collects radio energy and focuses it on a small dipole, which

converts it into electric current. The reflector

may be a sheet of metal or a grid of wires.

HELICAL ANTENNA refracts the fronts of incoming radio waves so that they are bent in
toward it. This increases the area from which energy can be gathered by a single antenna.
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This has been done by Martin Ryle and
his associates at Cambridge University
in England. Their tiltable antenna has
four such units, each 320 feet long and
40 feet wide. The total aperture is 51,200
square feet—the largest of any tiltable
radio-telescope antenna so far built any-
where in the world.

It was inevitable that the principle of
the interferometer should be applied to
improve resolution without building a
continuous antenna. Ryle’s four units at
Cambridge operate as such an inter-
ferometer, for they are placed at the
corners of a rectangle 1,800 feet long by
180 feet wide. Some systems have been
set up with antennas several miles apart.
The interferometer effect can also be ob-
tained in another way: namely, by set-
ting up a single antenna near a large
reflecting surface so that it receives a
radio wave both directly and by the
longer path it takes when reflected. J. G.
Bolton of Australia has built such an in-
terferometer on a cliff over the sea near
Sydney. The ocean surface acts as the
reflector, and as the antenna he uses an
array of dipoles. Grote Reber, the pioneer
radio astronomer, has recently con-
structed a similar interferometer atop a
10,000-foot volcanic peak on the island
of Maui in Hawaii. There he has an un-
obstructed view of the ocean around al-
most the entire horizon.

Radio telescopes more huge and finer-
beamed than any described here are now
on the drawing boards. At Ohio State
we are testing a small-scale model of a
new design for a super telescope. Its an-
tenna would be a paraboloid 2,000 feet
long and 200 feet high, made of tightly
stretched horizontal wires which would
collect radio waves efficiently but offer
little wind resistance. A flat reflector of
the same construction and about the
same dimensions would deflect radio
waves into the paraboloid. The reflector
would be tiltable vertically from north to
south, and the earth’s rotation would
provide the scan in the other direction.
The radio waves would be brought to a
focus point at the receiver in a building
located near the center of the antenna
layout.

This antenna would have a tiny fan
beam only a tenth of a degree thick and
one degree wide at a wavelength of one
meter. Its cost would be no more than
that of a much smaller, completelv steer-
able type, but its enormous aperture of
400,000 square feet would give it a
range several times that of existing tele-
scopes, and would bring into “view” tens
of thousands of radio “stars” within the
range of the instrument.



RADIO INTERFEROMETER works by this principle. Signals
from direction A have a wavelength of from Al to A2. The crest of
each wave arrives simultaneously at two antennas (two dots at
left) ; thus the signal is reinforced. Signals from direction B have
the same wavelength (B! to B2). The crest of each wave arrives at
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s

HUGE RADIO TELESCOPE has been tested on a small scale at
Ohio State. The antenna (right) would be 2,000 feet long and 200

<>
)

one antenna while the trough arrives at the other; thus the signal is
canceled. Signals from direction C also have the same wavelength.
The crest of each wave arrives at one antenna while the crest of
the next wave arrives at the other; thus the signal is reinforced.
The phenomenon gives rise to the beam pattern shown at the right.

feet high. Radio waves would be directed into it by a tiltable flat
reflector (left). Antenna’s aperture would be 400,000 square feet.
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THE CURTAIN WALL

The walls of a large building

O

once had to support their own weight;

today they are hung from a skeleton. They are Susceptible to further

specialization to preserve the internal environment of the ])uilding

r I Yhe term “curtain wall” is used now-
adays to describe the sheath, or
“skin,” of a modern building. It

looks quite different from its predeces-

sor, the old load-bearing wall, and in
fact it represents a big advance in archi-
tectural evolution. The structural spe-
cialization involved in separation of the
skin and the skeleton in a building cor-
responds to the specialization of tissue
in biological evolution. And it has equal-
ly powerful consequences. The evolu-
tionary step from the load-bearing wall

to the curtain wall has made possible a

new order of performance by buildings.

Any architectural structure has two
quite different tasks to perform. The first
is simply that of carrying loads, vertical
and horizontal. The second is that of con-
trolling the environment within the
building—regulating the interchange of
light, heat, cold, sound, air, water, vapor
pressure and so on. These two tasks are,
generally speaking, mutually exclusive.
Concrete, for example, is an excellent
load-bearing material but an exceedingly
poor thermal insulator. Plate glass is an
excellent transmitter of visible light but
has no load-bearing value. Wood is
fairly strong in tension and compression
but all too pervious to water and vapor
pressure.

Wood, possessing properties which
enable it to serve as the skeleton of a
building, permitted the first steps toward
specialization. But even in those coun-
tries where wood was plentiful the fire
hazard tended to limit its use to floor
and roof beams. In general, the material
used for the wall (commonly masonry)
remained an undifferentiated tissue
serving both for load-bearing and for en-
closure—and performing neither well.
Moreover, it severely limited the size and
shape of the building.

At the very first moment that mate-
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by James Marston Fitch

rials appropriate for specialization be-
came available, the English architect
Joseph Paxton produced a stunning revo-
lution in construction. His Crystal Palace
for the London Exhibition of 1851 was
a phenomenal structure in many re-
spects. It had a light, completely articu-
lated skeleton of prefabricated cast-iron
and wrought-ironmembers. It had a skin
of the new rolled glass, stretched like the
membranes of a bat’s wing or a watex-
lily pad to enclose the huge spaces
within. It was quickly erected and could
be quickly dismantled. And, though the

skin did not yet protect the skeleton
from climatic attack, it showed a com-
plete separation of structural function.

The Crystal Palace was shortly fol-
lowed by two other breath-taking de-
monstrations of the power of specializa-
tion in structure: the Brooklyn Bridge
and the Eiffel Tower. In them steel, a
new material with extraordinary new
properties, was exploited to achieve un-
precedented span and height. And steel
bridges and towers were soon followed
by steel-skeletoned enclosed buildings—
skyscrapers clothed with a curtain wall.

UNITED NATIONS SECRETARIAT building dominates Manhattan’s eastern shoreline.
Its glass walls are double-paned to provide insulation and are tinted green to reduce glare.
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There were three reasons for this
quick development. First, the load-bear-
ing masonry wall had reached the limit
of its practicable height: in the 16-story
Monadnock Building in Chicago the
walls had to be seven feet thick at the
sidewalk line! Second, it was impossible
to achieve high standards of heating, in-
sulation, daylighting or comfort with the
load-bearing wall. Third, the rising cost
of labor gave an economic impetus to
the new structural system. Here were
large, light, prefabricated elements
which could be riveted together rapidly
into an immensely strong frame and
which could reduce the wall to a small
fraction of its former weight and bulk.

With the steel skeleton perfected, ar-
chitectural attention focused on the
skin. As early as the 1890s a light and
reasonably satisfactory curtain wall con-
sisting of cellular glazed clay tiles and
large sheets of plate glass was expertly
employed in Chicago by Daniel Burn-
ham in his Reliance Building and, even
more impressively, by Louis Sullivan in
his Schlesinger Building.

Decades were to pass before Sullivan’s
formula could be improved upon. The
logical next step was to dispense with
masonry entirely and prefabricate the
entire skin in large, light units made of

EQUITABLE LOAN BUILDING, built in 1948 in Portland, Ore.,
was the first skyseraper to incorporate a non-masonry curtain wall.

new sheet materials, such as stainless
steel, porcelain-enameled steel, light-
weight concrete, aluminum or plastics.
Together with synthetic finishes and new
heat-insulatingmaterials, these panel ma-
terials promised walls only three inches
or less thick. But this development was
delayed for half a century, mainly by
two factors: the opposition of building
trades unions and municipal building
codes. The bricklaying craft and others
tied to the old techniques naturally re-
sisted change. And the building codes
had built-in preferences for masonry and
ceramic products. Their specifications
were in terms of how a wall should be
built rather than of what performance
should be expected of it. Only after
World War II did a non-masonry curtain
wall become legal in most U. S. cities.

The first skyscraper with such a skin
was built in 1948. Pietro Belluschi’s
Equitable Loan Building, in Portland,
Ore., has a wall made chiefly of glass
(85 per cent) with aluminum panels
covering the reinforced concrete skele-
ton. The curtain wall was thus reduced
to a membrane less than an inch thick.

The glass curtain wall is the product
of a whole series of developments in
glass technology. The first industrial
production of rolled plate was accom-
plished by the 1880s. But for all its re-
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markable properties, ordinary glass
leaves much to be desired. It is of course
transparent to light and infrared, but it
has a high coefficient of heat transfer.
In cold weather it is therefore wasteful
of heat and produces troublesome con-
densation. What made the glass wall
practicable in Belluschi’s Portland sky-
scraper was the glass sandwich—two
sheets separated by a hermetically sealed
partial vacuum. The double pane in-
creases the insulating value by 51 per
cent. Another recent improvement in
glass as a skin material has to do with
its optical qualities. If the entire wall is
to be of glass, the intensity and direction
of transmitted light must be controllable.
There are all sorts of shading devices in
use, usually placed inside the glass in
the U. S. and outside in Central and
South America, where the problem is to
control heat as well as light. But now the
glass itself has been modified to reduce
the amount of visible light transmitted.
Blue-green glass cuts off some of the
glare and infrared radiation of sunlight.
When used as the outer leaf of an insu-
lating sandwich, it provides a membrane
which gives fairly good control of light
and heat, radiant as well as convected.
It is this glass that gives many of the
new skyscrapers, including the Equi-
table building in Portland and the Unit-

ALCOA BUILDING in Pittsburgh illustrates the present tendency
away from all-glass walls in favor of prefabricated metal sections.
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PITTI PALACE in Florence is a classic example of load-bearing method of construction, already ancient in 1446 when the palace
wall architecture. Its walls are six feet, six inches thick. This was built, was not to be superseded for another four centuries.

CRYSTAL PALACE, erected in London in 1850, demonstrated for separated. The glass-and-iron building was damaged by fire in 1936
the first time how supporting and enclosing functions could be and torn down in 1941 because it was a landmark for bombers.
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ed Nations buildings and Lever House
in New York, their sea-green color.

Parallel with these improvements in

skeleton and skin, major advances
were made in the design of the internal
“control organs” of the skyscraper. A
climate like that of North America, with
its immense variations, places severe en-
vironmental stresses on both human per-
formance and industrial process. The in-
dividual suffers from large and abrupt
variations in temperature, humidity, air
movement and so on, while many indus-
trial processes demand a set of abso-
lutely stable environmental conditions.
These twin factors led to the develop-
ment of year-round air conditioning
with precise control of temperature, hu-
midity, air movement and air purity
(through electric filtration and ultra-
violet irradiation).

Such advances place further demands
upon the performance of the building
skin, requiring improved thermal insula-
tion and more efficient vapor barriers.
These demands have led to the concept
of the hermetically sealed building, in
which any desired set of environmental
conditions may be maintained. The first
expression of this concept was the “win-
dowless factory.” But this made workers
feel so shut in that the opaque wall was
given up for the continuous glass wall.

The sealed-envelope concept has
many virtues, especially for such proc-
esses as pharmaceutical production
(where sterile atmospheres are manda-
tory) and broadcasting (where control
of sound must be very precise). Even in
a skyscraper complete sealing has certain
advantages. It makes the wall simpler
to design and erect, and it eliminates
such troublesome elements as movable
sash, with their drafts, heat losses, rattles
and leaks. Nevertheless, the sealed cur-
tain wall, especially in the glass form,
raises a whole new set of problems for
the skyscraper. One is a simple thing
such as window washing. Always a prob-
lem in skyscrapers with movable sash, it
becomes a major operation in the new
sealed-glass towers. Further, even the
glare-reducing glass sandwich does not
give sufficient control of light and heat.
It still requires shades, blinds, curtains—
as a glance at the new skyscrapers will
prove—to modulate the flow of visible
light into the rooms. And the transpar-
ency of these sandwiches to solar heat,
a virtue in cold weather, becomes a
liability in hot weather. To correct this,
it would be necessary to use shades out-
side the glass, as the Latin Americans
do. But problems of icing and corrosion

HOME INSURANCE BUILDING, built in Chicago in 1883, was the first skyscraper which
had a separate steel skeleton and a curtain wall. It was designed by W. L. B. Jenney.

have so far prevented the use of this
technique in the northern U. S. It is
true that another new heat-absorbing
window glass has been developed which
rejects about two fifths of the sun’s infra-
red radiation. But for most efficient use
it has to be placed outside and free of
the building proper, with space for an
air wash between. And theoretically it
should be used only in summer, since
solar heat is highly desirable in winter.

For reasons such as these, some of the
newest buildings have returned to a
markedly smaller proportion of glass
and the movable sash. Their curtain wall
consists of panels completely prefabri-
cated of stainless steel or aluminum with
a core of the new foamed glass or plastic
insulation materials. The panels are so

© 1955 SCIENTIFIC AMERICAN, INC

large, thin and light that a new 23-story
skyscraper in New York City recently
was completely sheathed from sidewalk
to penthouse in a single working day.

The physiologist Ivan Pavlov once de-

fined the animal organism as a sys-
tem “which exists in surrounding nature
only by means of a constant balancing
between this system and its environ-
ment.” In such a system, obviously, the
marvelous animal epidermis plays a
critically important role. The function of
a building is analogous, yet no building
skin today approaches the performance
of the biological world. The curtain wall
is passive, lacking the power to adjust to
the fluctuating external environment. It
should be able to intervene actively in
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the building’s struggle to maintain its
internal stability.

Consider the thermal problem. On a
cold, sunny, windy winter day, the cli-
mate at the outer surface of the sky-
scraper will vary widely from one ex-
posure to another. The south wall,
shielded from the north wind and heated
by the sun, may have the climate of
Charleston, S. C., while the north wall,
chilled by the wind and untouched by
the sun, may have the climate of Mani-
toba. In summer the contrast may be
equally extreme. Thus the climatic
spread between the north and south

walls might more properly be expressed
in hundreds of miles than in tens of feet.

Now an air-conditioning engineer can
easily calculate the gross heating or cool-
ing loads imposed by such conditions
and provide sufficient capacity to handle
them. But this by no means guarantees
that, from the standpoint of either hu-
man comfort or mechanical efficiency,
the building will operate at an optimum
level. To begin with, air conditioning by
definition manipulates the air tempera-
ture; only indirectly does it influence
the radiant temperature. Thus in a build-
ing heated to an air temperature of 72

ALUMINUM PANEL cross section shows metal surfaces surrounding a layer of insulating
material. Outer aluminum layer (top) is corrugated te give the panel structural rigidity.

oy

GLASS PANEL for a curtain wall, seen in cross section, has two panes which enclose
a partial vacuum. It is 51 per cent more effective as a heat insulator than a single pane.

DESIGN OF THE FUTURE will use sun’s heat efficiently. Coils in the curtain wall, shown
in color, will absorb heait on the sunny side and carry it to the cold wall facing north.
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degrees an office worker sitting in the
sun behind the south glass wall may be
in an environment with the equivalent
of a 90-degree air temperature, while a
worker near the north wall, radiating
heat from his body to the cold glass, may
be in the equivalent of a 60-degree am-
bient temperature.

Ideally the two walls should have
quite different properties. On a cold
sunny day the south wall should be able
to absorb the solar heat and then trans-
port it to the north side, where it is
needed. And the north wall should be
as opaque to heat transmission as pos-
sible. Under different weather condi-
tions the properties of the walls should
change to handle the new circumstances.
One obvious way to accomplish this
would be to introduce into the skin a
capillary heating and cooling system
such as a warm-blooded animal has.

Something of this sort has been at-
tempted in at least one U. S. skyscraper—
the Bankers’ Life Building in Des
Moines. Completely air conditioned in a
conventional manner, the structure also
has a capillary system embedded in its
curtain walls. The inner membrane of
the walls consists of porcelain-enameled
steel panels to the backs of which are
attached flat coils of copper tubing.
These coils circulate either chilled or
heated water. Each of the four exterior
walls is independently controlled by its
own thermostats so that its capillary sys-
tem can operate either to heat or cool
that wall, depending on the climate of
its exposure. On a sunny winter day the
capillary system in a shaded wall will
circulate hot water, while that in a sunny
wall will circulate none or even conceiv-
ably chilled water. On a hot summer day
the sunny walls will call for chilled wa-
ter while those in shade will require less
or none at all.

Such a capillary wall today is too com-
plex and expensive for any building
except one in which precise environ-
mental control is mandatory for the con-
duct of its activity. Yet when the prob-
lem of the storage of solar energy is
finally solved, it should be possible to
have a building skin whose capillary
system could absorb enough solar ener-
gy to meet a large part, if not all, of
the energy requirements of heating and
cooling around the year. Then building
tissue would begin to approach the liv-
ing world in its exploitation of the ex-
ternal environment. A building, like a
living organism, would meet Walter B.
Cannon’s criterion of homeostasis, that
“nearly thermostable state” which was
“one of the most valuable advances in
biological evolution.”



Kodak reports to laboratories on:

magnificent pictures of the human embryo . . . the parent member of the isatoic
anhydride series . ..the low-down on motion pictures for industry

The beginning

This is a 39-day human embryo.
The chorion has been opened and
pinned back to show the fetus in
the intact amnion.

This is a 10-week human embryo
in the intact amnion. The uterus
has been opened to show embryo
and fetal membranes in situ.

These are two of 14 photographs
reproduced in “A Chart of Human
and Primate Embryonic Develop-
ment.” They begin with a photo-
micrograph that shows sperm cling-
ing to the periphery of the ovum
and end with a 56-day embryo.

These magnificent pictures have
been supplied us by the Carnegie
Institution of Washington, Depart-
ment of Embryology. The chart is
on heavy paper, 32 inches wide and
22 inches high. The supply is limited.
We are now prepared to present a
copy without charge to any person
or institution who will assure us
that it will be used under conditions
consonant with the dignity of the
subject.

Requests should be addressed to East-
man Kodak Company, Medical Di-
vision, Rochester 4, N. Y. No gagsters
need apply.

Extramural apathy

There was an inquiry from a cus-
tomer as to whether we could supply
isatoic anhydride:

1
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Too frequently, perhaps, such an
inquiry piques our curiosity enough
to try out an idea or two. First thing
we know, there is the compound,
purified and in a bottle on the shelf.
So we write back and tell the in-
quirer that we have it now, then find
he doesn’t really want it—just won-
dering if we could supply it, which
is his privilege. That is how Isatoic
Anhydride became Eastman 6975.
There, presently, one of our own
chemists from another part of the
enterprise noticed it and put in a
requisition for a few grams. Shortly
afterwards another of our laborato-
ries wanted some. Then another in-
ternal requisition, and another. Apa-
thetic though the rest of the world
might be about Isatoic Anhydride, it
was apparently doing us good inside.
Surely we are not alone in our in-
terest in this echo of Baeyer’s work
of eighty years ago on indigo chem-
istry. Isatoic Anhydride, a creamy
powder melting at 240 C with de-
composition. The name, easily mis-
read, is from isatis, Greek for woad.

We stock some 3500 organic com-
pounds in addition to Isatoic Anhydride.
They’re all in our List No. 39, available
without charge from Distillation Prod-
ucts Industries, Eastman Organic Chem-
icals Department, Rochester 3, N. Y.
(Division of Eastman Kodak Company).

Breaking into the movies

Madison Avenue is a thoroughfare
in the Borough of Manhattan, City
of New York, and a place-symbol
for the art practiced there of creat-
ing your neighbor’s aspirations and
anxieties. (Not yours, your neigh-
bor’s.) Appropriately housed at No.
285 is the headquarters of the Asso-
ciation of National Advertisers, to
which belong about 500 of the prin-
cipal corporations that endeavor
successfully to preserve the econ-
omy from stagnation.

In this endeavor it appears that
money is spent like water. Millions
for a single television comedian.
Millions for microwave relay net-
works, for costumes and sets, for
writers of international repute, for
multi-page, multi-color inserts in
magazines. of multi-million circula-
tion, for mountainsides of timber
converted to coupons and point-of-
purchase displays, for neon water-
falls and consulting psychologists
and puppeteers.

Yet in their madness there is
method. No super-cyclotron build-
ers ever had crueler fiscal watch-
dogs to placate. No civil engineers
ever had more faith in figures than
these watchdogs.

We wish now to draw attention
to one particular set of their figures.
These will interest persons who con-
template the production of a movie.
Movies primarily entertain, but
sometimes they exhort. Sometimes
nothing else exhorts as well. Movies
can exhort chairmen of boards, ad-
mirals, or 8-year-old girls. They can
be subtle. They can be direct. They
can put an attractive face on a
complicated idea. They cost money.

How much they cost, where the
money goes, how many people of
what kind are reached, how they’re
reached, what the life span of a film
is, why it’s done in the first place,
and a great many other questions
are answered through statistics in a
new book called “The Dollars and
Sense of Business Films.” It has
well-illustrated charts and hard cov-
ers and is based on hitherto confi-
dential data supplied the Associa-
tion of National Advertisers by 67
of the nation’s leading companies
about 157 non-theatrical films rep-
resenting a total investment of
$12,000,000.

The book is available for $5 from
Association of National Advertisers, lo-
cated, as we said, at 285 Madison Ave-
nue, New York 17, N. Y. By helping
publicize it, we hope to assist anyone
with a big story to tell. This is little

enough for us to do. The movie business
is a very good customer of ours.

Price quoted is subject to
change without notice.

This is one of a series of reports on the many products
and services with which the Eastman Kodak Company and
its divisions are ... serving laboratories everywhere
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TWO SUCCESSES

...one_familiar...one new

PHENOLICS
make things BRIGHTER

for buyer and seller

For years, Mrs. America’s wash-days
have been brightened materially by the
corrosion resistance of Durez phenolics.
Unaffected by mild acids and alkalies,
these materials in molded agitators re-
main smooth-surfaced for years, pro-
tecting delicate fabrics and assuring
efficient cleaning.

Now the same
consumer benefit
is being extended
to dishwashers
with an impeller
that sends steam-
ing sprays of su-
per-heated water
throughout the washing compartment.

In both types of product, manufac-
turers obtain the efficiency of undu-
lated or convoluted shapes with the
great economy of a one-piece molding,

Pre-eminently the plastics of hard-
working parts, Durez phenolics may
make things brighter for your products

. in production costs or sales appeal
or both. Call freely on our 34 years
of specialized experience for help. And
ask for our monthly “* Plastics News.”

Durez Plastics & Chemicals, Inc., 803
Walck Road, North Tonawanda, N.Y.

Export Agents: Omni Products Corporation,
464 Fourth Avenue, New York 16, N. Y.

PHENOLIC PLASTICS

THAT FIT

TODAY’S PRODUCTS

for the new Competitive Era
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Atomic Energy Progress

he opening weeks of 1955 saw a
I number of events signaling prog-
ress toward useful nuclear power.
At the United Nations a committee of
scientists from seven nations prepared
an agenda for this summer’s international
conference on the peaceful uses of
atomic energy. The meeting, to be held
at Geneva, will begin on August 8. At
least 80 states will be invited, all of them
members of the UN or of its specialized
agencies. I. I. Rabi, Columbia University
physicist, heads the planning group. The
conference president will be Homi J.
Bhabba, chairman of the Atomic Energy
Commission of India, and its secretary-
general will be Walter G. Whitman of
Massachusetts Institute of Technology.
From the U.S.S.R. came an announce-
ment of a 5,000-kilowatt nuclear power
station. Pravda published pictures of the
installation, claimed to be the first in-
dustrial plant in the world. The unit has
been operating since July, 1954. The
Soviet government said that it would dis-
close detailed information about the
power reactor at the Geneva conference.
On the expectation that a good deal
of information will be declassified after
the Geneva conference, the Engineers
Joint Council has scheduled a nuclear
engineering congress in December,
1955. The meeting will be held in
Cleveland. According to John R. Dun-
ning, chairman of the Council’s commit-
tee on nuclear engineering, the declassi-
fication of data will make possible “open
discussion and planning toward wider-
scale peaceful uses of atomic energy.”
The U. S. Atomic Energy Commission

| announced that it has set a schedule of
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prices for nuclear materials. It will sell
or lease natural uranium, thorium and
heavy water to private users and lease
U-235, U-233 and plutonium. It will buy
plutonium and U-233 produced as by-
products in reactors. The prices are
classified and available only to properly
cleared persons. The AEC also invited
specific proposals from industry for
building experimental nuclear power
plants. Chairman Lewis L. Strauss said
the Government would offer assistance
“within the limits of available funds” to
firms with acceptable plans. The help
may include supplying fissionable ma-
terials free of charge, providing research
and development work in AEC labora-
tories and paying contractors for techni-
cal and economic information growing
out of their programs.

At Groton, Conn., atomic motive pow-
er became a reality. The new submarine
Nautilus backed away from her dock,
swung around 180 degrees and headed
down the Thames River to the sea under
nuclear power. Watching the craft glide
her smokeless way through the water, a
young naval officer jeered: “I think she’s
running on batteries.”

Account Closed

he U. S. has agreed to pay, and the

Japanese government to accept, $2
million for damages resulting from last
March’s hydrogen bomb tests. Although
the distribution of the moneyv is “in the
sole discretion of the Government of
Japan,” the U. S. stated that some of the
funds are for the fishermen who were
injured by radioactive ash and some for
the fishing concerns whose cargoes were
contaminated. These concerns had
placed their damages at $5 million. The
U. S. note said the payment was made
as “an additional expression of its con-
cern and regret” but “without reference
to the question of legal liability.”

Last Laugh

he Reece Committee’s investigation

of tax-exempt foundations amused
much of the nation, but it effectivelv ac-
complished its purpose, according to
Robert M. Hutchins, president of the
Fund for the Republic, Inc. In a speech
to the National Press Club in Washing-
ton last month Hutchins asserted that the
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foundations, which should be supplying
the “risk or venture capital in the field of
philanthropy,” now find it safe only to
“attract no attention, arouse no discus-
sion, create no controversy.” He de-
clared: “Congressman Reece was scoffed
at. It was agreed that his investigation
was a farce. I think he had good reason
to be satisfied with himself. I think he
won. Without firing a single serious shot,
without saying a single intelligent word,
he accomplished his purpose, which was
to harass the foundations and to subdue
such stirrings of courage, or even of im-
agination, as could be found in them.”

Slightly Secret

A new Government agency indicated
last month that it was seeking a “vol-
untary” censorship of some nonclassified
technical information. Representatives
of the U. S. press immediately objected.
The agency was the creation of Secre-
tary of Commerce Sinclair Weeks.
Called the Office of Strategic Informa-
tion, it is to advise publishers about non-
classified material which it thinks might
help a potential enemy. Secretary Weeks
said the agency would assure “that in the
necessarily free exchange of scientific
data we do not provide nations whose
interests are inimical to our own with
material which they could some day use
against us.” R. Karl Honaman of the Bell
Telephone Laboratories was named to
head the office.

The American Society of Newspaper
Editors labeled the agency “the most
serious threat to freedom of information
that has developed in the Eisenhower
administration.” Honaman replied in a
letter to Editor & Publisher, stressing
that the censorship would be “truly vol-
untary” and that no decisions had yet
been made on what should not be pub-
lished. J. R. Wiggins of the A.SN.E.
commented that Honaman’s statement
removed none of the publishers” appre-
hensions.

Wiggins found most editorial opinion
on his side. Editor & Publisher called
the plan “abhorrent to a free press.”
Chemical and Engineering News, the
weekly journal of the American Chemi-
cal Society, said “there is no need for an
agency like O.S.1.” The Wall Street Jour-
nal said “the whole plan ought to be
junked right now.”

Dow Corning Silicones
make permanent
lubrication possible .
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motors that burn-out because of bearing

s
Here's proof. Dow Corning 44 ’
Grease has been used successfully for the J

can save some $45000,000 a year now spent

for relubricating and

rewinding industrial
failures.

past & years in the permanenfly sealed bear.
ings of a widely advertised line of industrial

motors.

give consistent performance over a wide tem-
perature span as Dow Corning silicone
greases have been doing for years, in mil-
lions of watt-hour meters that tell with equal
accuracy at —40 or 180° F, how much elec-
tricity you use each month.

withstand oven heat with minimum mainten
ance and relubrication in conveyor bearings
where Dow Corning 41 Grease lasts over
30 {imes as long as the best lubricants previ-

ously available.

and keep time on time in eleciric clocks and
oven timers where bearings are permanently
lubricated with the Dow Corning silicone
oils from which silicone greases are made.

... hecause they're semi-inorganic in com-
position and inherently stable at high temper-
atures * relatively unaffected by oxygen that
combines with other lubricants to form gums
and sludges *= more nearly constant in vis-
cosity or consistency than other lubricants

over a wider temperature span.

If you want to cut the cost of bearing failure
and frequent relubrication, motor failure and
down time, repainting hot metal surfaces, or

maintaining exterior masonry walls

Send This ° , Coupon Today

DOW CORNING CORPORATION, DEPT. 5803, Midland, Michigan

Please send me:
O Tall Tales and Fabulous Facts about Silicone Products.
O Data on Dow Corning Silicone Greases.

first in
silicones

Name. nnw CORNI"G
e CORPORATION
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Address

City. Zone___State. MIDLAND, MICHIGAN

ATLANTA « CHICAGD . CLEVELAND - DALLAS - DETROIT - NEW YORK - LOS ANGELES . WASHINGTON, 0. C
(Silver Spring, Md )

In Canada DOW CORNING SILICONES LTD, TORONTC « In England MIDLAND SILICONES LTD., LONDON o In France CIE. ST. GOBAIN, PARIS
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MALLORY-SHARON reports on

Testing hardness of Mallory
Sharon Titanium alloy ingots.

ONE INGOT
is worth 10,000 words

OU have read many words about Titanium’s glam-
orous future. But the real news is — this new metal
is here today.

Over the past few years, Mallory-Sharon and the few
other titanium producers have approximately doubled
output every year. Technical developments—that took
years with other metals—have been accomplished in
months with Titanium.

Mallory - Sharon is a leading producer of today’s tita-
nium . . . supplying virtually every major aircraft and
jet engine manufacturer with sheet, strip, bars, forgings,
and other mill products.

Use our experience in your application of lightweight
corrosion-resistant Titanium. Mallory-Sharon Titanium
and Titanium Alloys are consistent in quality, and may
be machined and fabricated readily. Promised deliveries
are reliable.

Mallory-Sharon Titanium Corporation, Niles, Ohio

MALLORY SHARON
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| How Long Is a Second?

| As the measuring techniques of science

grow more precise, units of meas-
urement tend to blur. Thus the astro-
nomical time unit—the mean solar day—
is known to have varied by as much as
one part in 10 million during the last 80
years. The U. S. standardkilogram seems
to have put on two thousandths of a
milligram since it was last weighed in
1937. The value for the force of gravity
accepted for the past half-century is
probably a few thousandths of 1 per cent
too large.

These were some of the problems dis-
cussed last fall at the Tenth General
Conference on Weights and Measures at
Sevres, France. Held at six-year inter-
vals, the congress of standards experts
from 35 nations decides on definitions
of units. A summary of the meeting by
one of the U. S. delegates, E. C. Crit-
tenden of the National Bureau of Stand-
ards, appeared in Science recently.

The Conference approved a sugges-
tion of astronomers that the unit of time
be nailed down by referring it to a spe-
cific year. Accordingly the International
Committee is to define the second as:
1/31,556,925.975 of the tropical year
1900. (A tropical year is the period be-
tween successive vernal equinoxes.) In
another change, the absolute tempera-
ture scale was redefined in terms of a
single fixed reference point—the triple
point of water. The temperature of that
point (at which ice, water and water
vapor can exist in equilibrium) is now,
by definition, 273.16 degrees Kelvin.
This step was first suggested 100 years
ago by Lord Kelvin himself.

The International Bureau reported to
the Conference that it had recalibrated
various national standard kilogram
weights against the international stand-
ard. Revision of the value of the force
of gravity was postponed until the next
meeting to permit further measurements,
as was the matter of redefining the stand-
ard meter in terms of the wavelength of
the light in a single spectral line. The
Conference could not make up its mind
whether to choose the red line of cad-
mium, the green line of mercury or cer-
tain lines in the spectra of krypton and
xenon.

Muscle Fuel

Biochemists have become more and

more confident in recent years that
adenosine triphosphate (ATP) is the
source from which animal muscles get
their energy. Last month the British
journal Nature published startling news.




Two groups of researchers reported that
muscles can contract without using up
any of the ATP they contain.

One series of experiments was carried
out by A. Fleckenstein and J. Janke of
the University of Heidelberg in Ger-
many together with Nobellaureate H. A.
Krebs and his colleague R. E. Davies of
the University of Sheffield in England.
This group stimulated contractions in
bits of slow-moving frog muscle, abrupt-
ly stopped the process (both physical
and chemical) by freezing the muscle in
liquid nitrogen and then compared the
ATP content of the contracted tissue
with noncontracted but otherwise iden-
tical controls. They found no decrease in
ATP in the working muscle. A similar
investigation of turtle muscle was car-
ried out by W. F. H. M. Mommaerts of
the Western Reserve University School
of Medicine. Instead of measuring the
ATP, he looked for compounds it would
produce if broken down. He found no
breakdown products.

The European investigators did dis- |

cover that the total quantity of organic
phosphates in the muscle decreases after

a contraction, and that inorganic phos- |

phates increase. If all of the latter come
from the breaking of phosphate bonds
like those in ATP, there would be just
enough energy to account for the work

done by the muscles, assuming the bond |

energy is used 100 per cent efficiently.
The biochemists are now searching mus-
cle tissue for unknown phosphate bond
compounds. They are also checking
other possible energy sources, such as an
uneven concentration of ions in the tis-
sue. These sources presumably pick up
their energy from ATP (produced by the
burning of carbohydrates) and store it
for use in the muscle.

Mommaerts remarks: “The possibility
of a new revolution in muscle physiology
is clearly discernible.”

Yellow Peril

he U. S. is one of the few nations in

the Western Hemisphere where ur-
ban epidemics of yellow fever are still
possible, and it is the only country which
is doing nothing about the problem, ac-
cording to a report at a recent Washing-
ton conference of the Pan American
Sanitary Bureau, regional office of the
World Health Organization.

Most American countries have eradi-
cated the Aédes aegypti mosquito, the
yellow fever transmitter, but it still flour-
ishes throughout the southern third of
the U. S., along the seacoasts of Mexico
and down into Guatemala. The Guate-
malan jungle, like all other such tropical

Where
you
just

can’t

fail . ..

Low pressure ... humidity . .. dust ... fungus... salt
corrosion . . . explosion. All or any one of these can
cause failure of aircraft electronic components, so pro-
tection against them must be near absolute.

Leach Relay Company of Los Angeles achieves
positive protection of their aircraft relays and Hi-Seal
packaged circuitry by pumping out and dehydrating
each unit, filling it with an inert gas and hermetically
sealing it. Heart of the entire procedure is a Consoli-
dated Leak Detector. Working at high speed, locating
leaks undetectable by any other method, the CEC
Leak Detector assures that units will pass the stringent
government sealing specifications . . .

... helps planes and missiles deliver the “punch” de-
signed into them.

Consolidated
leak detection
assures success

Now, two CEC leak detectors
The standard Type 24-101A detects one part of helium

in 200,000 parts of air . . . measures leak rates to 10
std cc/sec. The new ultra-sensitive Type 24-110 detects
one part of helium in 2,000,000 parts of air! It is valuable,
for example, in atomit-reactor equipment and in the pro-
duction of “reliable-type” electron tubes. Send for Bulletin
CEC 1801D-X4.

Consolidated Engineering

ELECTRONIC

Corporation

INSTRUMENTS FOR MEASUREMENT AND CONTROL

300 North Sierra Madre Villa, Pasadena 15, California

Sales and Service Offices Located in: Albuquerque, Atlanta, Buffalo, Chicago,
Dallas, Detroit, New York, Pasadena, Philadelphia, Seattle, Washington, D. C.
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Young man
with a Future

in the

ATOMIC AGE

Today, this young engineer is helping us
solve the complex problems inherent in
the development of a nuclear aircraft
engine.

He is doing engineering that offers
innumerable opportunities for creative
thinking. Frequently, he works on prob-
lems that could lead to early professional
recognition.

Tomorrow, because of his early start
in this still new field, he can look for a
better-than-average future in the Atomic
Age.

Would you like a similar opportunity?
If so, there are still openings for young
men with at least a B.S. degree and up
to 5 years’ experience.

It’s worth investigating. So write today!

We are interested in contacting —
e Engineering Physicists ¢ Metallurgists

Aeronautical, Mechanical & Chemical
Engineers

Please send your complete resume to
Mr. P. R. Smith, Office 11, Employment Dept.

PRATT & WHITNEY
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AIRCRAFT_____ 35—

Division of United Aircraft Corporation
East Hartford 8, Connecticut

areas in the Hemisphere, is a bottomless
reservoir of the yellow fever virus. Mon-
keys harbor the germ, and it is carried in
the jungle by a large variety of mosqui-
toes and probably other insects as well.
Only by the greatest vigilance can the
infection be kept from spreading to
nearby civilized regions. From 1924 to
1948 there were no human cases of yel-
low fever in Central America. But since
1948 a wave of the disease has moved
slowly and steadily up from Panama to
Honduras. If it should reach Guatemalan
cities, either from the jungle interior or
from Honduras to the south, it might
spread to the southern U. S. and erupt
explosively.

Public health authorities at the con-
ference urged that this country join in
the program to wipe out Aédes aegypti.
They also discussed the need for a better
yellow fever vaccine. The present vac-
cine must be refrigerated, and so is al-
most useless in the tropical jungle where
| it is needed most.

New Animal

A tiny primitive creature which no
zoologist has ever seen before, and
which gives new insight into the ances-
try of crustaceans, has been discovered
on the bottom of Long Island Sound by
a Yale University graduate student. The
animal differs so widely from known
types that it has been placed in a new
subclass of crustacea called Cephalo-
carida (“head shields”). It is “certainly
one of the biggest subdivisions of living
animals ever described in this country,”
according to Daniel Merriman, director
of the Bingham Oceanographic Labora-
tory at Yale. Howard Sanders, the dis-
coverer, has given his animals the genus
name Hutchinsoniella, in honor of G. E.
Hutchinson, professor of zoology at
Yale. He named the species he found
macracantha, meaning large-spined.
Hutchinsoniella macracantha is less
than a tenth of an inch long and thin
enough to swim easily through the eye
of a needle. Its eyeless head resembles a
tiny horseshoe crab. It has 18 body seg-
ments and a forked, spiny tail. The large
number of body segments marks it as
| a very primitive form, Sanders says.
Also, its feeding organs are rudimen-
tary and its appendages unspecialized.
The anatomy of Hutchinsoniella macra-
cantha shows striking similarities to
three sharply differentiated higher
forms: Malacostraca, which include lob-
sters, crabs, shrimp and most of the other
well-known  crustaceans; Copepoda,
| which are part of ocean plankton;
J Branchiopoda, which live in fresh-water
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INTEGRATED

THE IMAGINATION FOR RESEARCH —|_ THE SKILL FOR PRODUCTION

... welded into one close knit organization of integrated
responsibility. From the first step in research to the

first production unit, the same engineering group is responsible
for both design and development. This integrated operation
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final responsibility for maximum production design. One group
of specialists with one goal. .. the solution to your problem.

ELECTRONICS

For the past ten years Hoffman Laboratories has

been successfully solving advanced design and production
problems in electronics and electro-mechanics. In almost every
case it has been necessary to reach beyond the routine of
development. . .to develop special test and analytic
equipment...to formulate unique research procedures.
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YOU FURNISH THE PRINT, WE'LL FURNISH THE PART

e TERMINAL INSULATOR
OF SYNTHANE LAMINATED

— RESISTS MOISTURE, HEAT, ARCING, BREAKAGE

Practically everything made requires a combination of
several properties. And this terminal insulator is a shining
example. It has to have high dielectric strength in a
machinable insulator, good moisture resistance, excellent
arc resistance, good heat resistance and mechanical
strength. These and other requirements indicate Synthane
Jlaminated plastics for the job.

Starting with the blueprint, Synthane Corporation pro-
duces the needed base material with the right combina-

SYNTHANE CORPORATION, 2RiverRoad, Oaks, Pa.

Please send me more information about Synthane laminated
plastics and fabrication service.

Name

Title

Company

Address

L

PLASTICS .

tion of properties, machines it with accuracy, and supplies
the finished parts, with no waste, to the customer.

Each year Synthane turns out thousands of different
finished parts. They are made from the more than 33
different grades of Synthane laminated plastics which are
also regularly supplied to industry in sheets, rods, tubes,
and molded parts. Good service and quality are charac-
teristic of Synthane fabrication.

If you are looking for parts with many different
properties — physical — mechanical — electrical — and
chemical, in combination, Synthane may be your answer.
Mail the coupon for information.

SYNTHANE]

LAMINATED S PLASTICS

SYNTHANE CORPORATION < OAKS, PENNSYLVANIA
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ponds. Thus the new subclass may be |
much like the ancestral form from which
the others developed. The find is sig-
nificant because little has been known
about the evolution of crustaceans.

Nine individuals have turned up so
far, all female. They come from observ-
ing stations about 30 feet deep off the
Connecticut coast where Sanders has
been studying bottom life in connection
with a complete oceanographic survey of
Long Island Sound. He described the
animal in The Proceedings of the Na-
tional Academy of Sciences.

Caves and Villages

In recent months the men who investi-

gate the evolution of man and his way
of life have reported two discoveries of
fundamental interest. One sheds light on
the life of men in a South African valley
some 150,000 years ago. The other,
made in Iraq, provides new information
about men living in the agricultural rev-
olution of 7,000 years ago.

In Nature the South African workers
C. K. Brain, C. Van Riet Lowe and Ray-
mond A. Dart published a series of pa-
pers on their study of a remarkable cave
at Makapansgat. The original rock floor
of the cave is overlaid with more than
50 feet of sediment, a lower layer of
which is rich in the bones of the man-
like ape Australopithecus prometheus.
Immediately above this bone-rich strat-
um was a layer of gravel containing
many chipped stones. Brain wrote that
there was no great difference between
the ages of the two layers. Van Riet
Lowe indicated that at least 17 of the
stones could only be tools shaped by
man. Thus it seems certain that man
came to Makapansgat either while man-
like apes were there or very shortly
afterward. The two layers of sediment
are only early pages in a story that un-
folds continuously down to the present.
According to Dart the find “opens up the
astonishing prospect that Makapansgat
may place within our grasp in a single
South African valley a continuous story
of human handiwork and a consecutive
chronology of mankind from the dawn
of the Pleistocene to the present day.”

At M’Lefaat in northeastern Iraq |
Robert |. Braidwood, Unjversity of Chi-
cago archaeologist, dug into the site of a
primitive village. The inhabitants of the
village practiced agriculture, but had no
pottery. Braidwood believes that M'Le-
faat is even older than Jarmo, until now
the oldest known habitation of men who
practiced agriculture (see “From Cave
to Village,” by Robert ]. Braidwood;
ScienTtirFic AMERICAN, October, 1952). l
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CLEANING THE BRUSH is easier today with paint-brush cleaners
containing 5-10% AEerosoL® C-61 Surface Active Agent. This
powerful cationic wetting agent gives added “bite” to volatile
solvents in paint removers. Hard-caked brushes can be renovated
by soaking in formulations containing C-61, then working sol-
vent into bristles. Solvent-type or alkali paint removers with C-61
also are effective on glass, porcelain, metal and clothing. (No. 1)

"MOST GLAMOROUS GARBAGE IN THE WORLD.” That’s what
residents said of a new garbage collection system tested by
Hartford, Conn., and Cyanamid and Union Bag and Paper Corp.
It eliminates garbage spillage, odors, return trips by the collector,
banging of cans on sidewalk and truck. This “package system”
uses a paper bag made with Cyanamid’s Melostrength® Resin,
which gives paper exceptional strength, wet or dry. (No. 2)

Life...on the Chemical

New Product News
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VAT DYES GIVE LASTING LIFE to colorful vacation fashions.
Vat dyes are the best dyes for cotton and viscose rayon fabrics re-
peatedly exposed to sunlight, salt water, perspiration, rubbing and
washing. These characteristics of vat dyes account for their popu-
larity. Cyanamid, producer of Calco® Vat Dyes, works closely
with textile finishers to help get top color performance. (No. 4)
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AROUND THE CLOCK SERVICE to Cyanamid’s customers is pro-
vided by modern phosphate mining, processing and handling
facilities at Brewster, Florida. The rotary stacker-conveyor
(above) helps expedite customers’ shipping schedules of high-
grade phosphate of the desired analysis for both agricultural and
industrial uses. In this system, the boom stacker dumps rock at
the rate of 800 long tons per hour from a height of 86% feet.

Newsfront

STARTER CLUTCH MECHANISMS for the sleek new Martin
B-57b bomber are getting a new carburizing treatment. Made
by General Electric’s Aircraft Accessory Turbine Dept. at
Lynn, Mass., these parts are carburized in Cyanamid’s new
high-speed AErocars® S and R Carburizing Compounds.
They give deep, rapid penetration, minimum distortion. (No. 6)

Underneath the piles of rock is a kidney-shaped tunnel —approx-
imately 1,025 feet long—which contains two 24” belt conveyors
for carrying the phosphate rock to the Drying Plant in the back-
ground. There the rock is dried, further sized if customer re-
quires, and loaded for shipment. Equally specialized equipment
also speeds mining and processing, hel};)ing Cyanamid to give
unusually flexible service to users of this basic chemical. (No. 5)

AMERICAN G/a/m/m'(/ CoMmpPayy

30 ROCKEFELLER PLAZA
NEW YORk 20, NEW YORK

SE ND more information on the following items mentioned
in the March, 1955 issue of LIFE on the Chemical Newsfront:
S. A.

No. 1, 2, 3, 4, 5, 6.
Literature [_| Prices [_| Sample [_] of

Name

Company

Address

Zone. State

City
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UNKNOWN VIRUSES

In Africa and South America investigators discovered 11 viruses not

identified with any disease. These are now studied because they are

potentially dangerous and shed light on the behavior of all viruses

U. S. foreign correspondent whose
A assignment had taken him to Cal-
cutta awoke one morning with a
burning headache. He called a doctor.
After examining him, the British physi-
cian said:

“Looks like three-day fever.”

“And what’s that?”

“Nobody knows, really. There are any
number of uncatalogued diseases that
crop up sporadically. If this is three-day
fever you should be over it in three days.
If you aren’t, we’ll guess something else.”

Incidents like this are not peculiar to
India or other places where one might
perhaps expect to encounter strange in-
fections. Even in the best U. S. hospitals,
with their modern facilities, specialists
and diagnostic aids, a patient’s chart is
occasionally labeled PUO, meaning py-
rexia (fever) of unknown origin. The
contagion now called St. Louis en-
cephalitis appeared suddenly about 20
years ago as a PUO. In recent years
many other odd infections have cropped
up in the U. S., among them rickettsial
pox, Q fever and Coxsackie virus disease.

It has become almost automatic with
physicians, when confronted with an un-
identified infection, to attribute it to a
virus. Such diagnosis is far from scientif-
ic, for only by laboratory test can one
determine whether an agent is a virus,
a bacterium or a protozoon. However,
viral species are so numerous, varied,
elusive and widespread that if one must
give a snap judgment the odds are best
for guessing “virus.” Most of the patho-
genic viruses were discovered by the
triple process of encountering a patient
with an unknown infection, suspecting
a virus and then testing for it by well-
established laboratory techniques.

Some years ago bacteriologists of the
Rockefeller Foundation found them-
selves in the opposite situation: they
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by George W. Gray

discovered some strange viruses and had
to go looking for diseases which these
viruses might cause! While surveying the
extent of yellow fever in Africa and
South America, these workers isolated
11 viruses which no one was able to
identify with any previously recognized
disease. The new viruses were preserved
and brought to New York for further
testing.

Since 1949 these viruses have been
the focus of an intensive research on a
world-wide scale, with headquarters in
the New York laboratories of the Rocke-
feller Foundation’s Division of Medicine
and Public Health and field stations in
Asia, Africa and South America. Impor-
tant results are already appearing. New
aspects of the nature of viruses are be-
ing brought to light, as well as new tech-
niques for exploring them and a pre-
viously unsuspected pattern of kinship
among viruses which suggests possible
hereditary relationships among them.

The Sequence of Discoveries

Seven of the unknown viruses were
discovered in the British protectorate of
Uganda, where a Rockefeller team was
working in collaboration with a British
group at the Virus Research Institute.
The protectorate borders on the vast
jungle belt of central Africa in which
yellow fever is endemic, and the Insti-
tute was seeking to find out whether
yellow fever was active in Uganda. Dur-
ing the winter and spring of 1937-1938
there was considerable illness among
several hundred native workers who
were building a highway in Bwamba
County in western Uganda. Most of the
infections proved to be well known—
malaria, dengue and so on (though no
yellow fever was found in this particu-
lar outbreak). But one day in December,

© 1955 SCIENTIFIC AMERICAN, INC

1937, a worker came to a dispensary
complaining of severe headache, back-
ache and fever. A. F. Mahaffy, a mem-
ber of the Rockefeller staff, found no
recognized microbe in the man’s blood,
but when he injected serum from the
patient into the brains of mice, most of
the animals died.

Dr. Mahaffy, with the assistance of
Kenneth C. Smithburn and J. H. Paul,
began a systematic laboratory investiga-
tion of the serum. It evidently contained
a virus. Tested in rhesus monkeys, it
proved infectious but not fatal to them,
and after their recovery from the illness
thc monkeys’ blood carried antibodies
which neutralized the virus. Meanwhile,
during the next several months, eight
additional cases of the same infection
were encountered among the road
laborers. The agent was named Bwamba
fever virus after the county where it had
been discovered.

In the same month that the Bwamba
virus turned up, another staff man of
the Virus Research Institute discovered a
second strange virus in the West Nile
district of Uganda. A 37-year-old woman
was being examined in a general check
by British colonial medical officers to
detect possible cases of African sleeping
sickness. She denied feeling ill (perhaps
to avoid hospitalization), but was found
to have a temperature of 101.6. Dr. A.
W. Burke tested her serum on 10 mice,
and it killed nine of them. Burke took
the serum to the laboratory and there
studied it with the collaboration of
Smithburn, Paul and T. P. Hughes. The
four virologists found that the new virus,
which they named West Nile, was more
potent and more destructive to nerve
tissue than the Bwamba virus.

The Rockefeller field researchers pro-
ceeded to test the blood of natives in
many parts of Africa for immunity to



SIX “UNKNOWN” VIRUSES appear in these electron micro- center, the Japanese B virus; at lower left, the Anopheles A virus;
graphs. At upper left is the Bwamba virus; at upper right, the Sem- at lower right, the Anopheles B virus. All are enlarged 16,500 diam-
liki Forest virus; at left center, the Bunyamwera virus; at right eters except the Semliki Forest (30,000) and Japanese B (29,000).
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VIRUS SIZE
( MILLIMICRONS))
GROUP A
SEMLIKI FOREST 69-61
_ EASTERN EQUINE 25 R
- WESTERN EQUINE ' 25
VENEZUELAN EQUINE
SINDBIS ||
|
GROUP B l
NTAYA [ 150
WEST NILE 69-61
ILHEUS 61-53
ZIKA 61-53
UGANDA S 53-42
ST. LOUIS ENCEPHALITIS 30-20
DENGUE A 25-17
YELLOW FEVER 25-17
RUSSIAN  SPRING-SUMMER 25.15
JAPANESE B 22-15
MURRAY VALLEY FEVER 22-15
UNKNOWN
ANOPHELES A 170-163
ANOPHELES B 170-163
WYEOMYIA : 170-163
BWAMBA i 163-151
BUNYAMWERA | 18140
SAND FLY | 60-40 a
COLORADO TICK ; 50-35
RIFT VALLEY | 35-23
CALIFORNIA i

VIRUS GROUPS are established by the fact
that antibodies against one virus sometimes
react with certain other viruses. The re-
lationships of nine viruses shown here are
unknown, as are the diameters of three.
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these two strange microbes. In every vil-
lage they found persons whose blood
carried protective antibodies—evidence
that they had had these infections at
some time. Surveys in the Anglo-Egyp-
tian Sudan and in the West Congo
showed as high a frequency of immunity
as was found in Uganda; in some settle-
ments 80 to 90 per cent of those tested
were immune. Clearly both diseases
were prevalent—and yet the only active
infections encountered in the field at the
time were the nine cases of Bwamba
fever among the road workmen and the
single case of West Nile fever in the
woman in whom that virus was discov-
ered. Some of the researchers, however,
became infected with the viruses in the
laboratory—>Mahaffy suddenly found his
blood teeming with the antibodies of
Bwamba fever. Most of these infections
were mild.

Bwamba and West Nile had been un-
der investigation for five years before
the next unknown was spotted. It was
found not in human beings but in mos-
quitoes. The yellow-fever hunters made
a practice of trapping mosquitoes and
testing filtrates from their bodies for the
presence of virus. In 1942 Smithburn
processed a batch of mosquitoes which
had been caught by A. J. Haddow in
the Semliki Forest. This material yielded
another virus unlike any in the cata-
logues. Injected into the brains of mice,
it proved to be the most potent yet of
the new microbes, more potent even
than yellow fever. In a dilution of one
part in a hundred million it killed nearly
100 per cent of the mice. No case of
human illness from Semliki Forest virus
was ever found, but blood tests showed
that numerous persons in Uganda and
many wild monkeys caught in its forests
carried immunity.

Uganda mosquitoes yielded two other
viruses in 1943. Named Bunyamwera
and Ntaya, they were isolated by Smith-
burn with the assistance of Haddow and
Mahaffy. In 1947 came two more, spot-
ted by G. W. A. Dick, a British member
of the team, and isolated with the help
of Haddow and Smithburn. Uganda S
virus was found in three species of mos-
quitoes captured in Bwamba County,
and Zika virus was first detected in the
blood of a monkey that had been teth-
ered on a tree platform in the Zika
forest, a dense wood on an arm of Lake
Victoria.

While these discoveries were accumu-
lating in Africa, a similar yellow fever
survey in South America turned up four
more unknown viruses—three in Colom-
bia and one in Brazil. The Colombian
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finds were made in 1940 by Manuel
Roca-Garcia of the Carlos Finlay Insti-
tute in Bogota. Two of the virus species
were isolated from Anopheles mosqui-
toes, a genus known to transmit the
malaria parasite but not previously
known to harbor any kind of virus. These
two viruses were named Anopheles A
and Anopheles B. Roca-Garcia made a
third discovery in a batch of Wyeomyia
mosquitoes, and accordingly named the
microbe Wyeomyia virus.

The Brazilian virus was isolated in
1941 by Hugo W. Laemmert, Jr., and
Thomas P. Hughes, who were connected
with the Yellow Fever Research Service
of Brazil. Derived from mosquitoes cap-
tured near the town of Ilhéus, in the
state of Bahia, the virus was named
Ilhéus.

Each of the 11 new-found viruses has
its own individual characteristics, but
all have three properties in common:
they are transmitted by the bite of an
insect, they have a peculiar affinity for
nerve tissue and they infect man.

A Dark Continent

Andrew J. Warren, director of the
Rockefeller Foundation’s Division of
Medicine and Public Health, observes
that “virology is one of the dark con-
tinents of medical science, and yet its
subject matter includes some of the most
destructive and crippling diseases known
to man.” This explains why the Founda-
tion embarked in 1949 on a concentrated
study of the 11 new viruses. It was a
natural follow-up to the 30 years of re-
search that the Foundation scientists had
devoted to yellow fever. “When our staff
entered upon this search in 1918,” says
Warren, “we were aware of no experi-
mental animal for studying yellow fever;
the infectious agent was unknown and
was believed to be a form of spirochete;
there was no sure laboratory test for
diagnosing a case of the disease and
determining who was immune. During
those 30 years staff scientists discovered
the susceptibility of the rhesus monkey,
and with this animal as the experimental
subject they proceeded to isolate the
agent of infection and identified it as a
virus. This was accomplished in the
1920s. The next step was to devise the
mouse-protection test for detecting the
presence of yellow fever virus and iden-
tifying its antibodies. Then, a few years
before the outbreak of World War 1II,
Foundation virologists developed the
17-D vaccine, which effectively served
the Allied armies and navies in the
tropics. The final phase of our study was



the survey of selected areas of Africa
and South America in which yellow
fever was suspected of being endemic.

“The studies were terminated in 1949,
when it became clear that governmental
agencies of the countries most concerned
were in position to take over full respon-
sibility for yellow fever control. At the
same time we realized that much of our
knowledge was empirical. There was an
enormous lot of basic information yet to
be learned of viruses—their nature, their
modes of action, their points of weakness
and strength. Now we had in our labora-
tory refrigerator a whole new collection
of unknown viruses. The situation not
only gave us an unusual opportunity for
comparative studies at the fundamental
level but also imposed on us an obliga-
tion to track down the operations of these
new-found agents of infection, to find
out how widely spread they were and
to determine the nature of the diseases
they caused. Since all 11 of the viruses
were transmitted by insects, we decided
to compare them with other arthropod-
borne viruses and see what lines of kin-
ship and points of difference could be
found.”

Field Stations

The first of the field studies under
the new program was begun in India. A
Virus Research Center was established
in 1951 at Poona, in the province of
Bombay, with J. Austin Kerr of the
Rockefeller Foundation in charge. The
laboratory is operated in collaboration
with the Indian Council of Medical Re-
search. One of the main reasons for
starting the research in India was to find
out whether any of the newly discovered
viruses had bridged the Indian Ocean
from Africa to Asia. Through all the cen-
turies yellow fever has never made the
crossing. But it soon became apparent
that other viruses have. Blood speci-
mens taken from natives of Bombay and
neighboring provinces were found to
carry antibodies to the Ntaya, Uganda
S, West Nile and Zika viruses. Although
no active cases of any of these infec-
tions were encountered, it was clear that
there had been active illness in the recent
past.

The next site selected for field study
was Egypt, which lies more than 2,000
miles north of Uganda. During an epi-
demiological survey of infantile paralysis
in a village north of Cairo in 1950, John
R. Paul of the Yale University School of
Medicine had obtained blood specimens
from children, and three of them later
turned out on laboratory analysis to con-

NEUTRALIZATION TEST begins with the injection of an unknown virus into the brain
of a mouse (top center). Serum containing antibodies against a known virus is then added
to a sample of a virus preparation made from the brain of the infected mouse (top left).
Serum containing no antibodies against this virus is added to a second sample of the virus
preparation (top right) . The mice into which the second mixture is injected sicken (right).
The mice into which the first is injected remain healthy (left). This indicates that the anti-
bodies have neutralized the virus, and that the known and unknown viruses are related.
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COMPLEMENT-FIXATION TEST is used here to determine whether serum from an in-
dividual contains antibody against a known virus, and, if so, how much. Three test tubes
(top left) contain different dilutions of the serum (ratios at top). To these tubes is added
(1) a preparation of the virus and (2) complement, a blood fraction that is “fixed” only
by a complex of an antigen (such as the virus preparation) and the antibody against it.
To the same three tubes (left center) two more substances are added: (1) red blood cells
from a sheep and (2) antibodies against these cells from a rabbit. Now the first two tubes
(bottom left) contain a settling suspension of sheep red cells. The third contains a clear
red fluid. This indicates that the serum does contain antibodies against the virus, but not
enough to fix the complement in a dilution of 1:160. In the first stage the complement was
fixed. Thus in the second and third stages there was no complement left to collaborate
with the sheep antibodies in destroying the sheep red cells: the cells merely settled out.
The three test tubes on the right side of the diagram trace what happens when the
serum contains no antibodies against the virus. In the first stage no reaction occurs; hence
in the second stage there is complement left to collaborate with the rabbit antibodies
in destroying the sheep cells. In the third stage these tubes contain only clear fluid.
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tain active West Nile virus. The find was
electrifying, for no one had seen a hu-
man case of this infection since the
original one in 1937. The Rockefeller
Foundation assigned Richard M. Taylor
to inaugurate studies in Egypt. The U. S.
Naval Medical Research Unit in Cairo
appointed him to its research staff and
placed him in charge of its division of
virology. In this capacity Taylor has had
the collaboration of U. S. naval person-
nel as well as the Egyptian government.

The Egyptian studies soon showed
that Egypt was a hotbed of West Nile
infection; close to 100 per cent of the
adults tested were found to have anti-
bodies. The only human blood from
which Taylor was able to isolate active
virus, however, was that of children. He
concluded that West Nile fever was pre-
dominantly a disease of childhood.

An interesting sidelight on these ob-
servations comes from Israel. It was dis-
covered that epidemics there in the sum-
mers of 1950, 1951, and 1952, which
had been diagnosed as dengue, were ac-
tually West Nile fever. Moreover, quite
in contrast with the situation in Egypt,
the great majority of the victims were
grownups—a susceptibility easy to ac-
count for when you remember that
Israel’s inhabitants are predominantly
emigrants from Western Europe who

. probably never before had been exposed

to West Nile infection, as nearly all
Egyptian children must be.

Taylor and his associates have isolated
West Nile virus not only from Egyptian
children but also from mosquitoes (of
the Culex genus) and from hooded crows
and pigeons. A survey in the Sudan has
demonstrated the presence of West Nile
antibodies in baboons, hedgehogs, wart
hogs and gazelles. This is a remarkable
range of hosts—from insects through
birds and lower mammals to man.

Of the other new viruses, the only one
found to have left its mark in Egypt is
Ntaya. About 40 per cent of the popu-
lation surveyed carries antibodies to
Ntaya, which would suggest past infec-
tion of epidemic proportions—although
no Ntaya virus has yet been isolated.

Egypt presently contributed a strange
virus of its own. Isolated from Culex
mosquitoes captured near the village of
Sindbis, it was thought at first to belong
to the family of Coxsackie viruses, but
the Sindbis virus is now believed to be
a new one and is under intensive inves-
tigation in New York.

Other field stations are at Johannes-
burg, South Africa, under Smithburn; at
Port-of-Spain, Trinidad, under Wilbur
G. Downs, and at Belém, Brazil, under
Ottis R. Causey. Like the outposts in



India and Egypt, each is a cooperative
project with health agencies of the host
countries. Downs has already found that
the natives of Trinidad carry a high per-
centage of immunity to Ilhéus—the virus
discovered in Brazil more than a dozen
years ago. (Quite surprisingly, Downs
and his associates last year spotted in
Trinidad 14 cases of yellow fever, three
of them fatal.) In the Amazon Valley
Causey has discovered that wide immu-
nity exists not only to Ilhéus but also to
the Semliki Forest virus of Africa. This
Semliki Forest microbe seems to have
the most general dispersal of all the un-
knowns; Smithburn found antibodies to
it in Malaya and Borneo, and now it
turns up as the first of the African viruses
to leave a mark on the New World.

Laboratory Studies

In the New York laboratories of the
project, housed on two floors of the
Rockefeller Institute for Medical Re-
search, all the facilities and manpower
have been turned to the one objective
of unmasking the unknowns. Special
attention is being given to test-tube
procedures for identifying and charac-
terizing viruses, to the chemical and bio-
logical behavior of these agents and to
their relations with the insects which
transmit them. Max Theiler, a veteran
of two decades of yellow fever research,
who was awarded a Nobel prize in 1951
for his part in the development of the
17-D vaccine, is in general charge of
the basic studies.

“Viruses are by definition small,” said
Theiler. “They were first distinguished
from bacteria by the fact that they were
filtrable, whereas the pores of the or-
dinary porcelain filter blocked the pas-
sage of bacteria. But there are degrees
of smallness, and one of the first in-
vestigations we undertook was aimed at
determining sizes and other physical
properties. This appraisal was begun by
John C. Bugher in 1949, and the plan
was to use collodion filters, the ultra-
centrifuge and the electron microscope
in a triple attack. But in 1951 Bugher
was granted a leave to serve in the
Atomic Energy Commission’s division of
biology and medicine, and in his absence
the filtration studies were completed by
Smithburn.”

Collodion, the plastic-like material
which is widely used for dressing
wounds and in other surgical procedures,
can be cast into films with pores so small
that not even the tiniest virus is able to
slip through. By controlling conditions
under which the collodion solidifies, it is
possible to control the size of the pores.

For the virus studies, a series of films
was cast, with progressively smaller
pores. By such filters the size range of
each of the unknown viruses was meas-
ured. Six of them were found to be rela-
tively large as viruses go (comparable to
that of influenza), while the other five
were small (like yellow fever).

A strange network of kinships among
the viruses has been revealed by cross-
immunization tests. The usual way of
telling whether a person has antibodies
to a given virus is to inject some of the
subject’s blood serum, along with a sus-
pension of the virus, into the brains of
mice. If the mice die, that is a sign the
blood contains no antibodies to this spe-
cific virus. If antibodies are present, they
will neutralize the virus and the mice
will survive. A cross-immunization test
is one which seeks to find out whether
antibodies to one virus will neutralize a
different virus. If they do, the likeli-
hood is that the two viruses are similar or
related in some way. In experimental
work, antibody, or what is known as
immune serum, is produrzd by injecting
virus into an animal.

In the early 1940s it occurred to
Smithburn to use the neutralization test
to compare West Nile with two other
viruses: St. Louis encephalitis and Japa-
nese B encephalitis. He found that anti-
bodies against Japanese B would also
protect animals against West Nile and
St. Louis encephalitis; St. Louis en-
cephalitis antibodies gave protection
against West Nile, but not against Japa-
nese B. On the other hand, West Nile
antibodies did not protect against either
of the other two viruses. These mixed
results were hardly consistent, but they
did suggest that some relationship must
exist among the three viruses.

The New York laboratory decided to
employ the neutralization test to com-
pare each of the 11 new viruses with
various other insect-borne viruses, such
as the agents of yellow fever, dengue,
louping ill, Murray Valley fever, Rus-
sian encephalitis, Eastern, Western and
Venezuelan equine encephalitis and St.
Louis and Japanese B encephalitis. All
of these, incidentally, are small viruses.

The test established that a number of
the viruses are related to one another.
Theiler notes one curious anomaly. The
Ntaya virus is a large one, yet its anti-
bodies give cross-immunity against the
small West Nile, Uganda S and St.
Louis encephalitis viruses. “The discov-
ery of this overlap,” says Theiler, “makes
us want to refilter Ntaya to make sure
that our previous size determination is
not in error. The other large viruses—
Anopheles A and B, Wyeomyia, Bwam-
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HEMAGGLUTINATION TEST is based on the fact that red blood
cells agglutinate, or clump, when virus is added to them. Here again
the test is used to determine whether a serum contains antibodies
against a known virus, and, if so, how much. In the first stage six
test tubes contain different dilutions of serum (ratios at top). In
the second stage a preparation of the virus is added to the tubes.
In the third stage red blood cells from a chick are added. If the
serum contains antibodies against the virus, the virus is prevented
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from agglutinating the red cells and they merely settle out in a
neat pile. If the serum does not contain such antibodies, the
virus causes the cells to agglutinate in a flatter clump. In the
fourth stage the appearance of clumped and unclumped cells is
shown from the bottom of the test tubes. The cells in the first three
tubes are not agglutinated, indicating that the serum contains
antibodies preventing agglutination by the virus through a dilu-
tion of 1:40. The cells in the last three tubes are agglutinated.
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ba and Bunyamwera—have shown no
clear-cut indication of overlap, either
among themselves or with other viruses.”

From Animals to the Test Tube

The neutralization tests have been
using mice at the rate of 2,500 a week.
Moreover, each test takes from a week
to a month to yield a conclusive result,
the time depending on the kind of virus.
So the virologists went looking for ways
to speed up the study. They sought a
procedure that could be performed
quickly in a test tube without having to
await the development of biological
symptoms in animals—and they found
two that proved useful.

The first is the well-known comple-
ment-fixation test. It uses the same type
of reaction that has been harnessed in
the Wassermann test to detect syphilis.
Complement is a mysterious natural
component of blood which collaborates
with antibodies in reacting with viruses,
bacteria and other antigens. It cannot act
alone; both the antigen and the anti-
body must be present to make the reac-
tion with complement go. As the test is
used in the virus research program, three
substances are poured into a test tube:
the antigen (a solution containing the
virus), the antibodies (serum from the
subject whose blood is to be tested) and
complement (a carefully measured
quantity of it taken from guinea-pig
blood). Before the serum containing the
antibodies is added, it is heated mod-
erately to destroy any complement natu-
rally present and insure that only the
measured quantity is there. The test tube
containing this mixture is placed in the
cold-room overnight, and by morning
the answer to the test is waiting.

If the antibodies in the serum are
specific to the virus, the complement will
have combined with them and the virus
and there will be no free complement
left in the solution. If, on the other hand,
the antibodies are of some species for-
eign to the virus, then no such fixation
will occur, and the complement will re-
main unchanged in the solution. To find
out which of these alternative events
has happened, the experimenter adds to
the mixture some red cells taken from
sheep blood and the serum of a rabbit
which has previously been inoculated
with sheep red cells. As a result of this
inoculation the rabbit serum has devel-
oped antibodies to sheep red cells, and
if any free complement remains in the
test tube it will combine with these anti-
bodies and attack the red cells. Such
action will be shown by the disintegra-
tion of the cells and a red discoloration

of the liquid. But if no free complement
is present, the antibodies will be power-
less to act and the red cells will settle
to the bottom of the test tube undam-
aged. What happens to the sheep cells
thus tells the experimenter what, if any-
thing, happened to the complement dur-
ing the night. It thereby reports very
precisely whether there is an immuno-
logical relationship between the virus
and the suspected viral antibodies.

The other testing technique is the
hemagglutination test. In 1940 George
K. Hirst of the same laboratory noticed
that influenza virus, which had acciden-
tally been added to serum containing the
red blood cells of a young chicken,
caused the cells to clump together. In-
vestigation showed that if antibodies
specific to the virus were present, the
agglutination did not occur. The test
was found to apply to many viruses other
than influenza. It is now one of the main
weapons in the attack on the 11 un-
knowns. Jordi Casals, who is in charge
of the complement-fixation and hemag-
glutination studies, reports that the lat-
ter technique is the most sensitive device
yet tried for prying into the hidden ways
and immunological kinships of viruses.

By means of the agglutination test
Casals has been able to distinguish two
families of viruses: Group A includes
Eastern, Western and Venezuelan
equine encephalitis, Semliki Forest and
Sindbis (the new agent discovered in
Egypt last year); Group B is made up
of Ilhéus, Ntaya, West Nile, Uganda S,
St. Louis encephalitis, Japanese B en-
cephalitis, yellow fever, Russian spring-
summer fever and dengue types 1 and
2. The antibodies of any virus within
the same family inhibit all the viruses
in its group from agglutinating the red
cells, but they have no effect on viruses
of the other family. There are certain
conditions of temperature and acidity
without which the reaction of hemag-
glutination does not occur, or if so, only
poorly. For Group A these conditions
are a temperature of 37 degrees centi-
grade and a pH of around 6.5, which
is on the acid side. For Group B the
hemagglutination will occur at either 4
or 22 degrees C. and at a pH of 7, which
of course is neutrality.

A few months ago Casals applied the
agglutination test to specimens of the
virus of sand-fly fever, a common disease
of the Mediterranean area. This virus
agglutinated red cells only at 37 degrees
C. and a pH of around 6.5. “At once I
thought we had another member of
Group A,” he says, “but on testing its
antibodies against the viruses of that
family I was unable to get any inhibi-
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ZONE ELECTROPHORESIS was used to show that virus mate-
rial consisted of three fractions, each with a different property. The
virus material is placed in a groove on a slab of starch (bottom).
When an electric current is applied across the ends of the slab, each
fraction migrates in a characteristic way. The slab is then cut up

tion, and similarly the antibodies of
Group A were impotent to prevent the
sand-fly fever virus from agglutinating
the red cells. I can only conclude that
sand-fly fever belongs to a third family
of viruses, and we are now searching
for other members of this provisional
group.”

Although the complement-fixation and
hemagglutination tests are much more
rapid than the neutralization test (they
take only 24 hours), Casals observes that
the latter is still needed, because it is
the most specific indicator of an un-
known antibody. On the other hand, the
test-tube techniques show the overlaps
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more sensitively, the agglutination more
so than the complement-fixation. Thus
the three procedures represent an as-
cending scale of sensitivity and a de-
scending scale of specificity.

Viruses as Molecules

Interviral relationships excite the
imagination, but they are disturbing to
chemists who expect law and order to
reign among the molecules. An antibody
has been visualized as a molecule that
is “anti” to a specific disease molecule.
How, then, can antibodies react so pro-
miscuously with different viruses? How

© 1955 SCIENTIFIC AMERICAN, INC

and the contents of each sectionanalyzed. The analysis of a strain of
the West Nile virus yielded the graph at the top. The solid line rep-
resents the infective fraction of the virus; the long-dashed line, the
hemagglutinating fraction; the short-dashed line, the complement-
fixing fraction. The latter two fractions have been multiplied by 10.

can one explain, within the discipline of
biochemistry, the fact that the antibody
of West Nile fever, for example, is able
to inhibit the agglutinating activity of
all the viruses of Group B?

For years biochemists have speculated
that a virus may be not one molecule but
a complex of several, and conversely
that infection may stimulate the blood
to produce not a single form of antibody
but one for each molecular component
of the virus. Delphine H. Clarke, who is
in charge of the biochemical part of the
Rockefeller virus program, decided to
explore virus structure by means of
electrophoresis. This technique separates



substances in a mixture according to
their different electric charges [see
“Electrophoresis,” by George W. Gray;
SCIENTIFIC AMERICAN, December,
1951]. Dr. Clarke utilized the method
known as zone electrophoresis, in which
the medium is a solid. Usually it is a
sheet of absorbent paper, but Dr. Clarke
employs as the medium a thin slab of
starch (a variation recently introduced
by Henry Kunkel). The slab is some 16
inches long and four inches wide. She
digs a little trough near one end and
pours into it the virus preparation to be
analyzed. An electric current applied
through two electrodes in contact with
the ends of the slab causes the prepara-
tion to separate into its constituent sub-
stances, or molecular fractions, which
move along the slab at speeds deter-
mined by their electrochemical proper-
ties, their sizes and their shapes. Each
fraction comes to rest in a different re-
gion. After sufficient time has passed for
all the ingredients to have migrated, the
slab is cut into about 40 slices, and the
contents of each piece are investigated.

Analyzing virus extracts from infected
mouse brains in this way, Dr. Clarke has
succeeded in separating the virus ma-
terial into what seem to be three differ-
ent fractions, each possessing a single
property of the virus. The first fraction
shows only the property of infecting
mice; the second combines with comple-
ment in the presence of appropriate
serum; the third causes red blood cells
to agglutinate. The analysis of virus ma-
terial is still far from complete, but ex-
periments with other analytical tech-
niques—for example, ion exchange
combined with high-speed centrifuga-
tion—have strengthened the concept of
the virus as a multiple structure.

“We call the picture we have arrived
at the ‘tangerine’ hypothesis,” says Dr.
Clarke. “The fully infective virus, which
attacks tissue cells and causes disease, is
represented by a whole tangerine, com-
plete with rind. Stripped of its rind, the
tangerine becomes a model for the part
of the virus which, while powerless to
cause infection of tissue cells, can cause
red cells to agglutinate. Finally, the lit-
tle segments inside the tangerine repre-
sent the parts that fix complement but
presumably have no power to infect or
to agglutinate. The three-part virus may
cause the production of two or three
kinds of antibodies: one to combat the
rind and oppose infection, another to
block the agglutinating element and a
third to cause the fixing of complement.
But at present we have only indirect
evidence of that.”

The tangerine hypothesis, Dr. Clarke

hastened to add, “is highly speculative,
and needs to be taken with many grains
of salt, but it serves as a useful working
model of what we think the virus may
be. It suggests, for example, how an im-
mune serum may have one kind of anti-
body that is very specific for a certain
antigen, represented by the rind, and yet
have others which show overlap with
other antigens when it comes to the
properties of agglutination and comple-
ment fixation.”

The biochemical studies have con- |

tributed in an important way to the re-
finement of the test procedures, to the
extraction of viruses from infected tissue
and to other chemical separations. They
have even contributed to the study of
viruses in relation to their vectors—for
Dr. Clarke has found a sharp distinction
between insect-borne viruses and others,
such as polio and Coxsackie, which are
not transmitted by the bite of an insect.
The two orders of microbes behave quite
differently in the ion-exchange column,
showing that they differ in molecular
structure.

Loring Whitman, in charge of en-
tomological studies at the laboratories, is
exploring the capacity of the unknown
viruses to multiply in mosquitoes of dif-
ferent genera. He has found that all the
viruses tested seem to be well adapted
to Aédes aegypti mosquitoes, famous as
the vector of yellow fever, and that sev-
eral in addition multiply in two species
of Culex. The fact that Culex mosquitoes
feed on birds raises a question as to a
possible avian role in the spread of cer-
tain of the viruses—particularly since the
West Nile virus has been found in
hooded crows and pigeons.

There is field evidence that ticks may
have a part in the transmission and per-
petuation of some of the viruses. Ticks
are able to infect their own eggs and thus
may pass the virus indefinitely from one
generation of tick to the next, Whitman
points out. Mosquitoes, by contrast, can-

not transmit virus to their offspring. It is I

possible that infected mosquitoes sur-
viving from one season to the next may
carry the virus over, but Whitman sug-
gests that the possible role of ticks in
perpetuating the “mosquito-borne” vi-
ruses is a promising subject for explora-
tion in the field.

Are They Dangerous?

A lulling aspect of the new viruses is
their apparent mildness. Mahaffy had
Bwamba fever without knowing it. West
Nile is depressing and debilitating for a
few days, but no instance of death from

it has yet been encountered. Except for |
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BALLS

e All Materials

Tungsten Carbides Magnesium
Chromium Carbides Pyrex Glass
Synthetic Sapphire Silver
Stainless Steels Teflon
High Speed Steels Carbon
Titanium Nylon
Zirconium Ceramics
Aluminum Cast Iron

.. and any other workable material

o All Sizes—
Standard and Special

from 1/32” to 6” or larger.

¢ Any Quantity

from 10 balls to millions.

eHigh Precision—
to .000010” on size and sphericity.

eEngineering Service

On request, our Engineering Depart-
ment will assist in selecting the ma-
terial and other characteristics required

for best service on specific applications.
WRITE FOR quotation and descriptive bulletin.

INDUSTRIAL
TECTONICS, Inc.

Ann Arber 5, Michigan
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Analyze

carbon contents

to the fourth decimal
in 5 minutes!

B

carbon
analyzer

Leading laboratories are finding the
Leco carbon analysis technique the
fastest and surest ever. With the Leco
unit, you can analyze to the fourth dec-
imal place in five minutes, using trans-
former sheet, alnico, titanium, low car-
bon stainless, ferrochromium, molyb-
denum, ingot iron, nickel, ferroboron
and many other materials.

WRITE FOR FREE LITERATURE!

Complete details of the Leco Conductometric
Method, plus information about other great lab-
oratory-tested apparatus to speed and simplify
your testing and analysis operations,

LABORATORY EQUIPMENT CORP,
St. Joseph 5, Michigan
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one case of human infection with Zika
virus (a native man in Nigeria who was
found ill of a jaundice-like disease ), none
of the other viruses picked up in Uganda
and none of those in South America has
been found in a human being.

Theiler, asked whether these African
and South American curiosities present
a serious future threat, replied:

“It would be dangerous to discount
the potentialities of any infectious agent.
The history of Rift Valley fever is worth
recalling. This disease appeared in the
Rift Valley of Kenya about 25 years ago,
after sheep raising was introduced into
that region of Africa. The epidemic
killed a number of lambs, and investiga-
tion showed that the cause was a virus.
It was regarded as a curiosity. Then, in
1951, the disease suddenly appeared in
South Africa. There it not only killed
more than 50,000 sheep and 500,000
lambs but infected 20,000 people.

“Soon after our troops landed in Korea
in 1950, many of them came down with
a strange affliction which turned out to
be Japanese B encephalitis. This disease,
although known in Japan, had never be-
fore been reported from Korea. Neutrali-
zation tests disclosed, however, that a
large proportion of the native Korean
population had previously encountered
the infection and were immune.

“It is my opinion that the virus of
Rift Valley fever had been in South
Africa all the time—just as was the case

with Japanese B in Korea. When cir-
cumstances became favorable, the virus-
es were able to sweep over whole popu-
lations. It could happen again. The fact
that so many of the new-found agents
are related to St. Louis encephalitis,
Japanese B encephalitis and yellow fever
is highly suggestive.

“In Africa yellow fever is usually a
mild disease. But every now and then a
severe epidemic occurs: one that swept
the Nuba Mountains region a few years
ago killed thousands of people. Any of
the new-found viruses might follow the
same pattern, given a setting where the
combination of vectors, susceptible pop-
ulation and other conditions was ripe for
a destructive epidemic.”

The discovery of relationships among
the viruses is profoundly significant, in
Theiler’s opinion. “It suggests that the
viruses of Group A, for example, may
have descended from a common ances-
tral stock, and similarly that the lineage
of Group B may trace back to one viral
forefather. Mutations such as those in
genes, which have made possible human
evolution, may operate in a similar way
among the viruses to diversify them. We
know that the infective nature of a virus
may change in the course of a series of
laboratory  experiments. While the

change often moderates the microbe’s
virulence, we must never forget that the
odds in nature are just as strong for a
change in the opposite direction.”

TANGERINE HYPOTHESIS is a model for a virus with three properties. The whole tanger-
ine represents the fully infective virus. The tangerine without its skin represents the fraction
causing the agglutination of red cells. The segments represent complement-fixing fraction.
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HERE’S A
BETTER

ACTUATION
METHOD!

Saginaw ball/ bearing Screws can help you solve
weight, power and temperature problems

WHAT IT IS AND HOW IT WORKS

Let’s start at the begin-
ning, with the familiar
principle that there’s far
less friction in rolling
than in sliding. By ap-
plying this principle,

the Safety ball/bearing
Screw radically increases
the efficiency of rotary-
to-linear motion (and
vice versa). Instead of
sliding, mating surfaces
glideon rolling steel balls.

Like stripes on a barber
pole, the balls travel to-
ward end of nut through
spiral “tunnel’ formed by
concave threads in both
screw and mating nut.

At end of trip, one or
more tubular guides lead
balls diagonally back
across outside of nut to
starting point, forming
closed circuit through
which balls recirculate.

TREMENDOUS ADVANTAGES IN AIRCRAFT ACTUATION

Conventional Acme screw’s efliciency
is less than 25%; Safety ball/bearing
Screw’s ranges from 90 to 95%! Com-
bined with electric, hydraulic or pneu-
matic power source, it forms an actuator
for aircraft (and similar uses) that:

SAVES WEIGHT —permits use of smaller
motors and gear boxes; eliminates pumps,
accumulators, piping, etc.

SAVES POWER—Safety b/b Screw requires
only 1/3 as much torque for same lineal output
as conventional Acme screw.

SOLVES TEMPERATURE PROBLEMS—
operates successfully from — 75°F to +900°F
—and without lubrication, if needed.

ANY SIZE FROM 1!/, INCHES TO
39'/, FEET IN LENGTH
Every Safety b/b Screw is individually
engineered forits particular application.
Our engineers are eager to help solve
your actuator problems now.

MAIL COUPON TODAY FOR

YOUR ENGINEERING DATA BOOK
(or see our section in Sweet’s

Product Design File)

© 1955 SCIENTIFIC AMERICAN, INC

[ e e e e e e e

ASSURES POSITIVE POSITIONING—per-
mits precision control within thousandths of an
inch, plus perfect synchronization.

INCREASES DEPENDABILITY—offers
longer life and added security of exclusive
multiple circuits, plus greatly decreased dirt sen-
sitivity of special “Gothic arch”-shaped races.

REDUCES PART AND INSTALLATION
COSTS—savings in weight, motor size, power
and auxiliary equipment cut cost, too.

[ ————————

<
Saginaw Steering Gear Div. |
General Motors Corp. |
Dept. 2A, Saginaw, Michigan |
Please send your Engineering Data Book to: |
|
|
|
i
I
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Depth Indicator

Ship-to-Shore Radio
and Direction Finders

Inboard and
OQOutboard Magnetos

%

Automatic Pilot and
Remote Steering
Control

The boat business is another big user of Bendix products.
For operators of diesel-powered tugs and fishing boats
in the commercial field through the wide range of
customers in pleasure classes from yachts to outboard
motorboats, Bendix builds products designed to make
their operations safer, more dependable, more econom-
ical. If you own or plan to buy a power boat, here are a
few of the Bendix products available:

Automatic Pilot and Remote Steering Control
. . . steers a straighter course than the best helmsman
day or night in any weather. Pacific Division products.

Magnetos...Provide reliable ignition for outboards
and inboards. A Scintilla Division product—assurance
you can’t buy better.

Ship-to-Shore Radio and Direction Finders ...
Bendix offers a complete line of top-quality radio-tele-
phone equipment. Also radio direction finders which
establish ship’s position via accurate sense bearings on
known radio transmission stations. Pacific Division
products.

Zenith Carburetor
and Flame Arrestor

Diesel Fuel
Injection Pump

Depth Indicator . . . visual indicator favored for
lakes and rivers. Shows up sand bars, underwater ob-
stacles. A Pacific Division product.

Diesel Fuel Injection Equipment . . . another
Scintilla product widely used in marine, industrial and
railroad installations.

Zenith* Carburetor and Flame Arrestor . . .
famous for its economy and dependability. The flame
arrestor is protection against fire that might result from
backfiring.

Aneroid Barometer . . . a dependable instrument
that shows pressure and barometric tendency. A Friez
Division product.

Depth Recorder . . . electronic navigation aid.
Draws accurate profiles of ocean floor. Also shows up
schools of fish. Almost a standard tool of commercial
fishermen, now available to sport fishermen. A Pacific
Division product.

Electric Fuel Pump . . .explosion proof! Eliminates
vapor lock. Delivers more than 30 gallons per hour.

© 1955 SCIENTIFIC AMERICAN, INC



A B

Depth Recorder Electric Fuel Pump

PRINCIPAL DIVISIONS AND BASIC PRODUCTS

PaciFic, NortTH HoLLYywooD, CALIF.
telemetering equipment; hydraulic and electric
actuators; depth recorders; boat steerers.

EcLIPSE-PIONEER, TETERBORO, N. J.
0” o’ : aviation instruments and components; foundry.
@& SCINTILLA, SIDNEY, N. Y.

aviation ignition systems; industrial engine
magnetos; diesel fuel injection; electrical
connectors; ignition analyzers.

RED BaNK, EATONTOWN, N. J.
electron tubes; dynamotors; inverters;
AC-DC generators.

BENDIX RADIO, TOWSON, MD.
radar; auto, railroad, mobile

ﬁnds ﬁsh forecasts and aviation radio; television.

EcLIPSE MACHINE, ELMIRA, N. Y.

navigates . . . steers. . .

. bicycle coaster brakes, Stromberg* carburetors,
weather o o o Communlcates « . electric fuel pumps, starter drives.
d ZeNITH CARBURETOR, DETROIT, MICH.
imp roves Pleasu re automotive, marine and small engine carburetors.

BENDIX-SKINNER, DETROIT, MICH.
micronic filters.

BENDIX FRrIEZ, TOWSON, MD.
meteorological instruments, precision
so many ways ! instruments and recorders.

-

BENDIX PrODUCTS, SOUTH BEND, IND.
automotive brakes, carburetors, power steering;
aviation brakes, landing gear, fuel metering.
MARSHALL-ECLIPSE, TROY, N. Y.
brake blocks, brake lining, synthetic resins.

CINCINNATI, CINCINNATI, OHIO

and Commercial boating

When needed. two or more pumps can be manifolded automatic viscosity regulators, nuclear products.
s .
An Eclipse Machine Division product. BENDIX COZIZ‘IJ.:;R(;J‘H?E zlszws’ CAL1F.
For additional information write the divisions direct. )

. HawmiLToN, HamMILTON, OHIO
Addresses at the right. Jet engine controls and aircraft pumps.

LAKESHORE, ST. JOSEPH, MICH.
power steering and automotive devices.

UTica, UTica, N. Y.

aviation components.

This is another view of Bendix diversity covering a
thousand products made for scores of different industries.
You may now know some of our divi-
sions as sources for a few products you
buy. It will pay you to know the cor-
poration as a source for many products
designed to contribute to the efficiency
of your operations and products in
many ways.

For detailed information write for
‘“Bendix and Your Business’’, an inter-
esting digest of our over-all operation.

MONTROSE, SOUTH MONTROSE, PA.
aviation components.

PI1ONEER-CENTRAL, DAVENPORT, IOowA
aviation instruments and components;
ultrasonic cleaners.

YORK, YORK, PA.
electronic devices; test equipment.

BENDIX-ECLIPSE OF CANADA, LTD.
Windsor, Ont.

BENDIX INTERNATIONAL
New York City

BENDIX AVIATION CORPORATION

*REG. U.S. PAT. OFF.

Fisher Building + Detroit2, Michigan
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The Growth of Crystals

How do atoms or molecules in a vapor or solution form the regular

architecture of a solid? Much can be explained by the assumption

that they fall into place rather like the bricks laid in a spiral ramp

Il metals, indeed nearly all the basic
A solid materials of modern tech-
nology, are made of crystals.
Hence an understanding of how crystals
are built—how they grow—is an im-
portant aspect of the science of ma-
terials. Like many other seemingly sim-
ple phenomena, the construction of a
crystal is not as neat and orderly as it
looks at first sight. Twenty-five years ago
physicists thought they had a reasonable
notion of how crystals grow. Then an
elementary experiment disabused them.
It led to a series of surprising discoveries
and to a new picture of crystals.
Nature builds a crystal somewhat as
a bricklayer builds a brick wall. From
a jumble of atoms or molecules heaped
in no particular order (i.e., in gas or
liquid form) it takes suitable bricks one
by one and stacks them in a regular ar-
ray. If we picture the units (atoms or
molecules) as little cubes and suppose
that they line up consecutively and stay
put, a perfect crystal in course of con-
struction would look like the illustration
at the left below. But of course atoms or
molecules ordinarily have kinetic energy
and are in random thermal motion; they
may light anywhere on the crystal sur-

by Robert L. Fullman

face, and quickly take off again. Thus
even in this idealized picture the growth
of the crystal is not so orderly as the lay-
ing of bricks but proceeds in a more hap-
hazard fashion, illustrated by the second
drawing [at the right below]. A unit that
alights on the crystal surface is likely to
stay bound to the crystal only if it mi-
grates to a niche where at least three of
its six faces are bonded to units already
fixed in the crystal. Moreover, a layer
needs a certain minimum number of
units to assure growth, for if too large a
proportion of its members are at corners
or edges, they will not stick.

The rate of escape from a solid to a
surrounding vapor depends on the in-
tensity of the molecules’ motion—i.e., on
the temperature. The rate of return from
the vapor to the solid depends on the
concentration of molecules in the vapor—
i.e., on the vapor pressure. For every
temperature there is a “saturation vapor
pressure” at which the rates of escape
and of deposit at a step balance. Under
these conditions the cryvstal does not
grow. It can grow only when the vapor
is supersaturated. This model suggests,
further, that after a layer on the crystal
surface has been filled, continued growth

GROWING PERFECT CRYSTAL at an arbitrary point in its development would ap-
pear as at left, if its molecules had no thermal motion. Drawing at right shows the effect
of this motion. Each cube in these highly schematic drawings represents a single molecule.

74
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becomes more difficult; that is, it should
take a higher degree of supersaturation
to start a new layer than to fill one al-
ready well started.

It was at this point that the classical
model of crystal growth fell apart.
Calculations had indicated that the
formation of islands, or nuclei, large
enough to start new layers, so that a crys-
tal could grow, required a vapor pressure
at least 25 to 50 per cent greater than
saturation. But in 1931 the German
physicists M. Volmer and W. Schultze
succeeded in growing crystals from
vapor with a supersaturation of only 1
per cent. The theoretical prediction of
the rate at which a crystal should grow
at this saturation turned out to be too
small by a factor of 101°°°—which may
well be the all-time record for discrepan-
cy between theory and experiment!
How could a crystal initiate and build
new layers so easily? Physicists went
back over their analyses and calcula-
tions, but they could find no answer that
made sense on the basis of the old model.
The problem remained baffling until, in
1949, an English physicist suggested a
new model. F. C. Frank, of the Universi-
ty of Bristol, pointed out that the growth
of a crystal could easily be accounted for
if one supposed that its layers were not
laid independently one upon the other
but were built spiral fashion by a con-
tinuous process. This could occur if the
crystal contained an imperfection of the
type known as a “screw dislocation.”
Imagine a crystal lattice in which two
adjacent sections are sheared along part
of their length, so that one partial sec-
tion is displaced a full layer below the
other [see first diagram on page 76].
The reason this is called a screw disloca-
tion can be illustrated by the fact that if
a tiny observer were to walk in a circle



nates in a defect called a screw dislocation. From the side, the sur-
face looks like an ascending ramp wound around a flat cone.
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crystal are seen magnified 250 diameters. Each spiral step origi-

CRYSTAL GROWTH SPIRALS on the surface of a silicon carbide




SCREW DISLOCATION, illustrated at left, produces its spiral growth
steps in the manner indicated by the succeeding diagrams. A screw
dislocation is the type of imperfection that would result if a cut

CLOSED GROWTH LOOPS can arise from a step which begins and
ends within the surface (left) connecting a right-handed screw disloca-
tion with a left-handed one. This step is anchored at both ends and can

around the end of the cut, starting at the
top, he would find himself one level
lower at the end of each circuit, as if he
were descending a spiral (actually hel-
ical) ramp. The model shown here is
known as a right-handed screw disloca-
tion because the path spirals downward
to the right.

Now Frank realized that such a dis-
location would provide a constantly open
step at which atoms or molecules could
easily gain a foothold and build the

crystal without ever having to start a

new layer. The step would sweep around
the crystal face as new units were added
to it. But in the process it would bend
[see drawings in upper row above]. To
understand why this is so, consider a
line of skaters pivoting around one end.
In order to keep a straight line, the
skaters at the outer end must go faster
than those nearer the pivot, because they
have farther to travel. In the case of the
crystal step, the outer end does not
build faster, for units attach themselves
at random, which is to say at a more or

were made part way through a crystal and the two sides slipped over
one another. The result is a permanent step extending across a por-
tion of the crystal face and anchored at the boundary of the cut.

grow only by bulging. The second drawing shows the bulging step just
beginning to turn back on itself. In the next figure its parts have met
behind its original position. Finally the inner section detaches from

less uniform rate, along the length of the
step. Thus in the build-up the swing of
the outer part of the step around the cir-
cle falls steadily behind, and the step
bends to form a spiral.

Was Frank’s radically new picture of
crystal growth correct? It did not have
to wait long for confirmation. At the
meeting of scientists where his theory
was presented, L. J. Griffin of the Uni-
versity of London showed some photo-
micrographs of crystal surfaces exhibit-
ing the predicted spiral step patterns.

GROWTH STEPS on paraffin crystals are revealed by photomicro-
graphs. Spiral (left) is broken up into a series of straight seg-
ments, and the loops (right) are polygons. The reason for this de-
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parture from circular form predicted by the theory is that these
crystals do not grow equally fast in all directions. The straight sec-
tions advance in the directions of slowest growth along the surface.



MICROWAVE

ENGINEERING
To
Molecules depositing on the surface from a vapor would lodge against the step, causing it to
advance. Since one end is fixed, the step would pivot around that point, with the outer ENGINEERS
points falling behind the inner, producing a never-ending spiral layer on the surface.
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the completed layer and shrinks inward
until it becomes a new straight step located
on top of the growth loop first formed.

What is more, since then intensive ex-
amination of crystals under the micro-
scope has brought to light various
growth patterns which can only be ex-
plained, indeed were predicted, by the
screw dislocation theory.

Nature rarely makes a perfectly regu-
-V lar crystal. There is usually at least
one dislocation—as we have seen, it is a
necessary condition for growth at low
supersaturation. Generally a crystal has
more than one dislocation. The presence
of several dislocations complicates the
crystal’s growth pattern. For instance,
two neighboring dislocations, one right-
handed and one left-handed, may form
a step anchored at both ends [first draw-
ing in second row on opposite page]. As
new units build onto this step, it takes a
semicircular shape [second diagram].
Eventually the build-up produces a ring-
shaped step [third diagram] which then
builds out to complete a layer on the
crystal. But in the meantime a new step
has been formed on top of the original
one, and it becomes the nucleus for a
new layer [fourth diagram]. As the
process repeats, the crystal grows in lay-
ers which are closed rings rather than
spirals. A photograph of such a crystal
is shown on the opposite page [bottom
right]. The steps here are straight-sided

FOUR-LAYERED STEP is formed by four
closely-spaced dislocations of the same kind.

Larger groups give many-layered steps. |

polygons, rather than curved rings, be-
cause growth has not proceeded evenly
all around the periphery.

The height of a crystal step can be
measured. Usually the step is just one
unit high. But some crystals have been
found to have steps many layers high.
The theory suggests that multilayered
steps may arise from a group of disloca-
tions which are close together and all of
the same sense—right-handed or left- |
handed. Each dislocation contributes
one layer to the thickness of the step.
The photographs on the next page show
a cadmium iodide crystal with a step
many layers high. The short, straight
line at the center of the spiral marks the
initiating array of screw dislocations.

Here the theory helps to clear up a
peculiarity of crystal structure which
has long mystified crystallographers. It
has to do with the stacking of layers in
a crystal. To follow the reasoning we
must discard the oversimplified picture
of building units that we have been
using for illustration so far. The build-
ing blocks of a crystal—its atomic or
molecular cells—are not cubes but more
like spheres. Certain crystals have a
close-packed structure, which means
that the spherical units are piled not

one directly above the other but in the
manner of a mound of cannon balls, with
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qualified in this area...

The Microwave Laboratory at
Hughes conducts fundamental
research and long-range

development in the field of

microwave antennas and microwave

clectronics. New positions are
1now open in this area.

THE ANTENNA PROGRAM has
to do with research on linear and
two-dimensional arrays of slot radi~
ators; transmission and radiation of
surface-guided waves; very high
resolution radar antennas; develop-
ment and engineering of airborne
communication, navigation, and fire
control antennas.

THE MICROWAVE ELEC-
TRONICS program is concerned
with (1) basic research involving
study of ferrites, and the discharge of
gases at microwave frequencies, and
(2) applied research and develop-
ment involving microwave circuits,
ferrite applications, microwave in-
strumentation, and circuits for devel-
opmental microwave vacuum tubes.

Scientific and Engineering Staff

HUGHES

RESEARCH AND DEVELOPMENT
LABORATORIES

Culver City, Los Angeles County, California
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TITANIUM CARBIDE

(Melting Point — 5700° F)
This extremely hard substance, with good
oxidation resistance at high temperatures,
offers definite advantages as a component in
sintered cutting tools. Its properties are of
interest in turbine and jet engine parts; the
compound is being tested as a high temperatute
refractory material in reducing atmospheres.

TAM ZIRCON

(Melting Point — 4100° F)
As a refractory brick, crucible, lining or
foundry sand, flour and wash, Zircon's high
refractoriness, high thermal conductivity and
low and straight line thermal expansion are
ideally suited to an increasing number of high
temperature applications.

STABILIZED ZIRCONIA
(Fusion Temp. 4600° - 4700° F)
An extremely high melting point, combined
with other interesting characteristics, has
made ZrO2 an ideal material in high tem-

perature ceramic and refractory applications.

MAY WE LEND A HELPING HAND?

In addition to up-to-date literature which is
yours upon request, our staff of specialists in
the laboratory and our Field Engineers can
assist you in solving your individual problems.
Write our N.Y.C. office.

TAM
PRODUCTS

‘TITANIUM ALLOY MFG. DIVISION

NATIONAL LEAD COMPANY
Executive and Sales Offices:
| 111 Broadway, New York City
| General Offices, Works and Research Laboratories :
Niagara Falls, New York
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GROWING SPIRAL is seen in four successive positions on a crystal of cadmium iodide.
This step, which is many layers high, is produced by a large group of screw dislocations.

each ball nestling in a pocket between
its neighbors. Now a look at such an
array shows that each successive layer
may be stacked on the one below in one
of two positions. In the diagram at the
right, viewing a layer from above, the
positions are marked A and 7. When
a layer is placed on this one, close
packing requires that all the balls be
laid either in the positions marked A
or in those marked V. The next layer
again may be stacked in either one or
the other set of positions. If the layers
are stacked alternately in one position
and then the other, the sequence is de-
noted by AV. But crystals often stack
up in much more complex patterns. For
example, one kind of silicon carbide
crystal has the pattern AAV VYV,
AANNNAN, etc. Here the group form-
ing the repeat in the pattern consists of
five layers. In some crystals of silicon
carbide the repeat unit has been found
to be as large as 29 layers.

How can information about the pat-
tern be transmitted over so great a dis-
tance; that is to say, how can each unit
be matched to one 29 units away? Classi-
cal crystallography could suggest no ex-
planation other than the possibility of
some unknown long-range force between
molecules. The dislocation theory of
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crystal growth now provides a simple,
though incomplete, answer. A series of
screw dislocations may generate a step
many layers high, which then becomes
the pattern unit that repeats again and
again as the crystal grows. One aspect
that the theory does not explain is the
fact that only 14 such variations of the
crystal pattern have been found in sili-
con carbide; the theory suggests that
there should be an almost unlimited

al
1
1

CLOSE-PACKED molecules are repre-
sented by circles, with possible positions
for members of the next layer shown dotted.



When cars have a life expectancy
of 1,000,000 miles. ..

Electron diffraction can help solve problems in chemistry, physics and metallurgy, By diffracting a beam of
electrons from a surface, you can identify the crystal structure of that surface. By using this technic for research
into the structures of lubricants and metals, it’s quite likely that your car of the future will have fantastic longevity.

chances are that research with electron
diffraction will have helped make this come true

® The General Electric electron diffrac-
tion instrument is versatile and easy to
operate. The unit consists of vacuum sys-
tem, electron gun, power supply and
complete camera assembly — all the com-
ponents required to produce both reflec-
tion and transmission photographs from
a wide variety of samples.

This instrument can perform numerous
tasks for industry. In chemistry, for ex-
ample, it can be used to study catalytic
action . . . to analyze surface contamina-
tion as well as foreign particles. In metal-
lurgy, it can help in the selection of cor-
rosion-resistant materials . . . can be used
to examine alloy structures and pigments.
And physicists, too, find many applica-
tions for G-E electron diffraction.

Get further information from the G-E
x-ray representative in your locale . . . or
write X-Ray Department, General Elec-
tric Company, Milwaukee 1, Wisconsin,
for Pub. TT34.
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electronic engineers:

THIS IS AIR ARM ., . .

— T e
R e

Qutlined area shows addition to Air Arm’s multi-million dollar facility.

This is Air Arm . . .leader in electronic development
for America's Air superiority.

Air Arm . . . where creative engineering offers
unlimited opportunities to experienced engineers,

Can you fill a top-level design and development
position? You will find a stimulating and satisfying
atmosphere at Air Arm. You will work in professional
and friendly surroundings. You will enjoy the
spacious, well-equipped quarters that are a part

of a modern, multi-million dollar plant.

Although Air Arm’s home was completed just a liitle
over two years ago, construction is already beginning
on an expansion of engineering facilities.

This expansion creates a need for experienced
electronics engineers who have a strong desire to work
on the projects of tomorrow . . . creating under conditions
that are conducive to creativeness.

ACT NOW! SEE US AT THE I. R. E. SHOW!

TO APPLY—SEND LETTER OUTLINING
YOUR QUALIFICATIONS TO

R. M. Swisher, Jr.

Employment Supervisor, Dept. 99
Westinghouse Electric Corp.

2519 Wilkens Ave., Baltimore 3, Md.

you can 8 SURE...iF 115 %Stiﬂgh()use
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number of possible patterns in the crystal
structure.

How do screw dislocations arise in the
first place? This is still a largely spec-
ulative question. Almost all crystals be-
gin their growth on some small foreign
nucleus, just as raindrops condense on
dust particles. Some of these nuclei may
have surface irregularities which cor-
respond to screw dislocations and are
passed on to the growing crystal. Other
crystals may pick up dislocations as they
grow. A strong mechanical disturbance
may cause a thin growing crystal to
buckle and shear; indeed, thin crystals
have been induced to grow by pressing
a fine needle point against them. Dirt
particles picked up during growth also
may introduce dislocations.

The preparation of metals and other
crystal materials in useful sizes without
weakening dislocations is a still unsolved
problem. If ways can be found to cir-
cumvent the restrictions nature normally
places on the growth of crystals, truly
revolutionary materials will become pos-
sible.  Whether or not this goal is
achieved, the dislocation theory has shed
light on a number of properties of crys-
tals—their strength, the rates at which
atoms diffuse through them and the
rates at which they grow.

DISLOCATION SOURCE may be a dirt par-
ticle encountered by the advancing edge of a
thin crystal plate which is growing in area.

LOOP SOURCE could be formed if grow-
ing crystal picked up a foreign particle
tilted with respect to its molecular layers.
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Fast, sensitive recording of d-c data
from high impedance sources

Y MEANS of a recently developed model
B of the widely used ElectroniK instru-
ment, d-c voltage and current data can be
recorded from high impedance sources . . .
with excellent sensitivity, speed and preci-
sion. This recorder needs no external pre-
amplifier. Designed to have high input
impedance, it causes negligible loading effect
on high impedance circuits or sensing
elements.

It is also applicable to low-level current
measurements in conjunction with spectro-
graphs, photo-cells and other current-pro-
ducing devices.

It records at high speed, with negligible
damping effect by the source. Standard pen
speeds are 24, 12, 414 or 2 seconds for full
scale travel.

Approximate Maximum Sensitivities

3x x
Amplifier Amplifier
Span 2 mw 10 mv

BROWN
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It has high sensitivity . . . is supplied for
ranges of 2 or 10 mv full scale.

Stray a-c voltages, of full scale value for
the 2-second instrument, and of 10 times
the span for the 24-second model, are
rejected with no significant loss in sensitivity.
The amplifier is readily withdrawn for use in
high impedance servo systems, and can be
supplied as an individual unit for such
purposes.

Your nearby Honeywell sales engineer will be
glad to discuss the many possibilities this
ElectroniK instrument offers for your re-
search. Call him today . . . he’s as near as
your phone.

MIiINNEAPOLIS-HONEYWELL REGuLATOR CoO.,
Industrial Division, Wayne and Windrim
Avenues, Philadelphia 44, Pa.

@ REFERENCE DATA: Write for Instrumentation Data Sheet No. 10.0-14.

Voltage sensitivity 1x10-6 volts 8x10-12 amperes MINNEAPOLIS
Current sensitivity 3x10-6 volts 2.5x10-11 amperes oneywe
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H) ot to Coitals
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The Continental Shelf

Around the borders of the continents the bottom of the ocean slopes

off gently for as much as 400 miles before it plunges into the deeps.

This terrace provides an active natural laboratory for the geologist

hroughout geologic time, as far
I back as we can read the rocks, the
continents have repeatedly been
invaded by the oceans. The seas have left
the record of their passage in the form
of sedimentary rocks—sandstones, shales
and limestones formed from the sedi-
ments deposited on the inundated con-
tinental areas. Every part of the North
American continent, for example, except
possibly a certain area in northeastern
Canada, has been submerged time and
again. After each invasion the shallow
waters gradually receded. Today the con-
tinents happen to be largely emergent.
But around the shores of each there is a
margin which is still submerged. This
underwater borderland between conti-
nent and ocean, called the continental
terrace, is a shelf of varying width—
from a few tens of miles to as much as
300 or 400 miles off some coasts. At its
seaward edge it pitches steeply into the
deep ocean basin.

The continental terrace is one of the
main subjects of investigation in subma-
rine geology today. It is, for one thing,
an active geological laboratory—a place
where geologists can investigate the
processes of transportation and deposi-
tion at work. It is also the site of a major
geological mystery—the mystery of the
lost ancient boundary between the con-
tinents and the oceans. The continental
and oceanic blocks of the earth’s crust
have different densities and have been
distinguishable throughout geologic his-
tory. What was the boundary between
them like in the distant, primeval past?
Presumably there were terraces then,
but if so, they have sunk without a trace.
The present comparatively young con-
tinental terraces, built up within the last
100 million years or so, rest not on older
sediments but on basement granite.

82

by Ilenry C. Stetson

What could have happened to the earlier
terraces? Perhaps we shall find the an-
swer to that riddle some day; in the
meantime the probings of geologists into
the present terraces tell an interesting
story of their evolution and the repeated
advances and retreats of the sea.

Ever since rain began to fall and the
oceans came into being the rivers of the
continents have been building aprons in-
to the sea with their wash of silt, clay,
sand and gravel. Let us examine in some
detail two terraces which, though an-
cient, are primitive in structure and
serve as excellent examples of the early
stages of terrace construction. They are
the terrace in the Atlantic Ocean off the
eastern coast of the U. S. and that in the
Gulf of Mexico off the southern coast.
The existence of both terraces is familiar
to most Americans; the one in the Gulf
has recently had a great deal of attention
as the scene of the dispute over “tide-
lands” oil.

Both terraces have been growing in
thickness and in width ever since
the Lower Cretaceous Period some 100
million years ago. They have the same
general structure—a stratified wedge
with the thicker edge on the seaward
side. In the Atlantic terrace the thin edge
of the sedimentary wedge reaches in-
land to the “fall line” (a zone of water-
falls) on the eastern side of the Appala-
chian Mountains. The part of the Gulf
terrace now above water stretches far up
into the middle of the continent; its thin
edge overlaps the southern end of the
Appalachians and reaches to Cairo, Ill.,
the high-water mark of the Cretaceous
seas. This great sedimentary platform,
the dumping ground of the wash of soils
from the midcontinent, is some 700 miles
wide from Cairo to the end of its apron
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in the Gulf, and at the present shore line
of Louisiana and Texas it is estimated to
be more than 40,000 feet thick.

The terrace sediments in the Gulf and
in the Atlantic are very different. In the
Gulf the shelf—the offshore sea bottom—
is muddy; in the Atlantic it is dominantly
sandy. A whole series of notably muddy
rivers, including the Mississippi and the
Rio Grande, is dumping silt and clay into
the Gulf faster than the sea’s currents can
carry it away. On the seaward face of the
terrace even the ridges and plateaus are
covered with a blanket of this fine ma-
terial.

Mud is common in continental ter-
races; what is unusual is the clean, sandy
surface of the Atlantic shelf. There are
several reasons for its freedom from silt.
To begin with, the rivers of the north-
eastern U. S., from New England down
to Chesapeake Bay, are practically clear
and discharge little or no sediment into
the ocean. Chesapeake Bay itself traps
much of the sediment carried by the
muddy Susquehanna, James and other
rivers entering it. Nonetheless consider-
able mud does escape from the bay into
the Atlantic, as is demonstrated by the
color of the outflowing tide between
Cape Charles and Cape Henry, and a
great deal more is washed into the ocean
by the muddy rivers south of Chesa-
peake, notably the Savannah and the
Santee. It does not stay on the shelf,
however; practically all of it is swept off
the platform and deposited on the steep
outer slope plunging into the deep ocean
basin. Probably the reason is that the
Atlantic has swifter bottom currents than
the Gulf. Its tidal currents must be
stronger, because of the greater range
of the tides (roughly four to five feet at
the Delaware breakwater, as compared
with a foot and a half at Galveston).



Storm waves and swells have longer pe-
riods in the wide Atlantic than in the
Gulf, and therefore can move sedimen-
tary material at greater depths. And the
swift, turbulent Gulf Stream also plays
a part in sweeping sediment from the
face of the Atlantic terrace south of Cape

Hatteras. Indeed, the Atlantic currents
not only are washing the shelf clean of
mud but are reworking and redistribut-
ing sediments deposited in an earlier
era.

As a result of the differences in de-
posit and erosion, the Atlantic terrace is

not nearly so thick as the sedimentary
wedge in the Gulf. As logged in an oil
well drilled at Cape Hatteras, the Atlan-
tic wedge at the present shore line is
only about 10,000 feet thick, compared
with the more than 40,000-foot thickness
at the Gulf shore. Offshore the Atlantic
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tone, the bottom from 600 to 6,000 feet; the darkest tone, the bot-
tom below 6,000 feet. The line from Cairo, Ill., to Houma, La., in-
dicates the path of the section at the bottom of the next two pages.
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CONTINENTAL SHELF off part of the coast of North America
is traced by these contours. The lightest colored tone represents
the bottom from sea level to 600 feet below it; the next darkest
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OFF THE GULF COAST the continental shelf is characterized
by ridges and basins. The tones from light to dark gray repre-
sent the contours of the bottom at 2,400, 4,800, 7,200 and 9,600 feet.

terrace is 16,000 feet thick or more, ac-
cording to seismic measurements.
From cores drilled through the Gulf
and Atlantic terraces we can read the
record of each advance and retreat of
the sea. Piled on the underlying base-
ment, which has been subsiding, is a
huge series of overlapping lenses of sedi-
ments. The sea flooded the continental
margin many times, and this resulted in
alternating  deposition and erosion.
When the sea advanced, under the sim-
plest conditions the new deposits over-
lapped the older in a shoreward di-

Cairo,
1

ENTIRE CONTINENTAL TERRACE extends far inland from
the Gulf of Mexico. The sediments (horizontal bands) in this cross
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rection—a process called onlap. In strata
formed at such a time the near-shore sedi-
ments are sandy or gravelly, while the
offshore deposits are muddy. This even-
tually results in an overlapping of shales
on sandstones. It is a time of continuous
accumulation of sediment in a deepen-
ing sea, and the continental shelf grows
in thickness as well as in width. Con-
versely, when the sea level falls, the new
deposits overlap the older in a seaward
direction; this is known as offlap. Some
of the coarser deposits of the shoal-wa-
ter zone are washed seaward over the
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OFF THE ATLANTIC COAST the continental shelf is cut by
deep canyons. The first contour within the lightest tone rep-
resents the bottom at 150 feet; the second, the bottom at 300

older and finer muds previously laid
down in deeper water. The surface of
the shelf is undergoing erosion; the
strata deposited near shore during the
previous onlap are shaved down or re-
moved entirely. Though the shelf is re-
duced in thickness, it continues to grow
in width, because the eroded material
is deposited on the steep seaward slope.

Through all the oscillations of the
shore line, indeed even when the sea
level remained constant, the face of the
slope progressed steadily seaward into
deeper water. As we have seen, the Gulf

section reach beyond Cairo, Ill, to the high-water mark of the
seas during the Cretaceous Period. The black band of sediment was
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feet. The remainder of the tones from light to dark represent
the bottom at 600, 3,000, 6,000 and below 6,000 feet. The deep
cleft of the Hudson River canyon is visible at the left center.

terrace is now some 700 miles wide; the
Atlantic wedge at its widest (at the lati-
tude of Cape May) measures about 175
miles from the fall line to the offshore
break.

The Atlantic terrace is gashed by
many canyons, like the valleys of rivers
with their tributaries. Some of them,
notably the undersea extension of the
Hudson River, are of considerable size.
These spectacular submarine valleys are
still an enigma to geologists. In trying to
explain them the geologist is truly on
the horns of a dilemma. If he chooses to

believe that they were cut by conven-
tional rivers across dry land, he must
assume that the continental margins
once stood thousands of feet above the
present sea level [see “Submarine Can-
yons,” by Francis P. Shepard; SCIENTIFIC
AMERICAN, April, 1949]. This is more
than most geologists will admit is prob-
able. In the last few years many have
leaned to a new theory: that the canyons
were carved by submarine streams
heavily loaded with silt and clay. Flows
of this type, known as turbidity currents,
have never been observed in the ocean,

Houma, La.

SHORELINE

-

¥

OFF THE CALIFORNIA COAST the continental shelf has a topog-
raphy resembling that of the land. The tones from light to dark
gray represent the bottom at 3,000, 6,000, 9,000 and 12,000 feet.

but gentle turbidity currents are known
to flow along the bottom the whole
length of man-made Lake Mead, where
the muddy Colorado River plunges be-
neath the clear waters of that lake. They
have also been observed in some glacial
lakes such as Geneva, where from an
overlooking mountain one can clearly
see the Rhone River drop beneath the
lake waters. Yet there is no proof that
turbidity currents could have cut the
great canyons in the continental ter-
races. The canyons represent an enor-
mous amount of very recent erosicn, and

The depth of the sediment is given in feet by the scales at left and
right. The vertical scale is 10 times larger than the horizontal.

laid down during the Upper Cretaceous. The sediments below it
were laid down earlier ; the sediments above it were laid down later.
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KENNAMETAL"

makes progress on the
irresistible force...
immovable body problem

The Philosophers paradox—the irre-
sistible force and the immovable body

. are coming closer to reality.

Spurred by the economic need for
faster production, tool stresses are
mounting to forces that approach
the “‘irresistible.”

The “immovable body” is coming
closer to reality through the contribu-
tions of Kennametal. Its YME is
90,000,000 psi. For any allowable de-
flection, it will withstand three times
the loading of the hardest known
alloy steel.

You’'ll find Kennametal serving in
metalworking, mining, and oil well
drilling, in oil extraction and refining,
in compressor liners and pistons, in
pump cylinders, pinions, gears and
axle shafts, and many other similar
tough, demanding jobs.

The same qualities of high YME,
extreme hardness, high strength, and
resistance to corrosion and abrasion
that have made Kennametal an out-
standing success in these difficult
applications may make it the means
of getting YOUR idea off the drawing
board . . . and into production. For
detailed physical and metallurgical
information on Kennametal, ask for
Booklet C-53. KENNAMETAL INC.,
Dept. SA, Latrobe, Pa.

*Kennametal is the registered trade-mark
of a series of hard carbide alloys of

tungsten, tungsten-titanium and tantalum.
5304
I N UsSTARY AMND

KE AMETAL

. Pontinons im @wgmw
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ONLAP PROCESS occurs when the sea is advancing. The sediments nearest the shore are
gravelly; those farther out are sandy; those still farther out are muddy. Eventually the sed-
iments become sandstone and shale. Their sequence is determined by borings (dotted lines) .

2
0

OFFLAP PROCESS occurs when the sea is retreating. Some of the gravelly and sandy sedi-
ments are washed out over the muddy ones. In the onlap process the shales lie on top of
the sandstones. In the offlap process the reverse is true: the sandstones lie on top of shales.

the turbidity current theory is difficult to
evaluate quantitatively.

The seaward bank of the terrace in the
Gulf of Mexico presents another puzzle.
Along the western half the upper part of
this steep slope is marked by a succession
of ridges and basins, some of them
closed, while a number of deep channels
slice downward across the lower sections
of the slope. This rough topography is
not too difficult to explain if we accept
the theory that the continental terrace
was built by the slow accumulation of
muddy sediments. At the edge of the ter-
race the stress of gravity may well cause
the unstable sediments to shear and slide
down the steep slope. Such shearing is
familiar on a small scale on earth slopes
and in failures of earth dams, and it has
been observed that they produce a hum-
mocky slope like that of the terrace bank
in the Gulf. Of course slumps and mud-
flows also may play a part in furrowing
the slope, and perhaps turbidity currents
as well. If ever there was a locale favor-
able for the operation of turbidity cur-
rents, it is the western Gulf slope.

There is another phenomenon which
at first sight may seem to throw doubt
on the theory that the steep face of the
continental terrace is built simply by the
piling up of sediments which slowly push
the bank seaward. In the eastern and
western Gulf and in many places off Cal-
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ifornia the continent ends in sharp cliffs
of the kind known as fault scarps. Such
a cliff is created by a shift or upheaval of
the earth’s crust. But its existence at the
edge of a continental terrace does not
necessarily invalidate the sedimentary
hypothesis. It may mean simply that the
sedimentary platform is building across
a zone of crustal movement. If, in build-
ing outward from the continent, the ter-
race reaches a cliff separating the con-
tinental block from the ocean floor, it can
build no farther. Very possibly the trun-
cated sections of the terrace in the Gulf
have reached such a “land’s end.”

rl‘ he continental shelves and slopes

around the world differ greatly from
one another; those off Norway and Cali-
fornia, for example, are very unlike the
ones in the Gulf of Mexico and off the
U. S. eastern coast. Terraces go through
a series of evolutionary changes in the
course of geologic time, and some have
had a more complex history than others.
The Atlantic and Gulf terraces can be
regarded as being in the primitive stage,
although they date from the Cretaceous
and are relatively old. They have been
modified little by geologic upheavals.
This is fortunate for geologists, because
they give us an almost unique opportu-
nity to study a continental terrace still
in process of formation.



Keeping the planets in their orbits .. ..

Timing Beltls

Planetarium constructed by Spitz Laboratories, Inc., Elkton, Md., for the city of
Montevideo, Uruguay, showing the heavens as seen looking southward from Montevideo.

The earth spins on its axis more than 10,756.265 times in the interval it takes
Saturn to make one trip around the sun. Today there is a new planetarium so
accurate that it shows the relative speeds of the sun, moon and the visible
planets of the solar system moving in the same proportionate speed as they
do in the real sky.

To achieve such amazing precision, Spitz Laboratories, Inc., makers of most
of today’s planetariums, uses United States Rubber Company’s PowerGrip
Timing Belts. On each unit, 13 of these belts drive the mechanisms for 8 solar
system bodies with pin-point, split-second accuracy. These belts have teeth
which fit into the pulleys, permitting a completely controlled quiet movement
with absolutely no slippage or creeping. At the lJowest speeds of these belts it is
almost impossible for the human eye to detect any movement. Spitz Labora-
tories says it would be impossible to build so efficient a time and space machine
without the U. S. PowerGrip Timing Belt.

Any product or manufacturing process that requires the transmission of
power can be improved with the revolutionary PowerGrip Timing Belt.
Appliance manufacturers for instance, find that U. S. PowerGrip permits a
more streamlined product, greater efficiency, and more sales. Get in touch
with any of our 27 District Sales Offices or write to address below.

Close-up section of Spitz Planetarium showing
some of the U.S. PowerGrip Timing Belts.

“U.8.” Research perfects it... “U.S.” Production builds it...U. S. Industry depends on it

RUBBER UNITED STATES RUBBER COMPANY
MECHANICAL GOODS DIVISION * ROCKEFELLER CENTER, NEW YORK 20, N. Y.

Hose ¢ Belting ¢ Expansion Joints ¢ Rubber-to-metal Products e Oil Field Specialties  Plastic Pipe and Fittings e Grinding Wheels ¢ Packings ¢ Tapes
Molded and Extruded Rubber and Plastic Products ¢ Protective Linings and Coatings ¢ Conductive Rubber ¢ Adhesives ¢ Roll Coverings « Mats and Matting
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BIRDS AS FLYING MACHINES

A sequel to the article on the aerodynamics of birds in the April,

1952, 1ssue of this magazine. Among the remarkable adaptations

birds have made to life in the air are high power and light weight

he great struggle in most animals’
I lives is to avoid change. A chicka-
dee clinging to a piece of suet on
a bitter winter day is doing its uncon-
scious best to maintain its internal status
quo. Physiological constancy is the first
biological commandment. An animal
must eternally strive to keep itself warm,
moist and supplied with oxygen, sugar,
protein, salts, vitamins and the like, often
within precise limits. Too great a change
in its internal economy means death.
The spectacular flying performances
of birds—spanning oceans, deserts and
whole continents—tend to obscure the
more important fact that the ability to
fly confers on them a remarkably useful
mechanism to preserve their internal
stability, or homeostasis. Through flight
birds can search out the external condi-
tions and substances they need to keep
their internal fires burning clean and
steady. A bird’s wide search for specific
foods and habitats makes sense only
when considered in the light of this per-
sistent, urgent need for constancy.
The power of flight opens up to birds
an enormous gaseous ocean, the at-
mosphere, and a means of quick, direct

by Carl Welty

access to almost any spot on earth. They
can eat in almost any “restaurant”; they
have an almost infinite choice of sites to
build their homes. As a result birds are,
numerically at least, the most successful
vertebrates on earth. They number
roughly 25,000 species and subspecies,
as compared with 15,000 mammals and
15,000 fishes.

At first glance birds appear to be quite
variable. They differ considerably in
size, body proportions, color, song and
ability to fly. But a deeper look shows
that they are far more uniform than, say,
mammals. The largest living bird, a 125-
pound ostrich, is about 20,000 times
heavier than the smallest bird, a hum-
mingbird weighing only one tenth of an
ounce. However, the largest mammal, a
200,000-pound blue whale, weighs some
22 million times as much as the smallest
mammal, the one-seventh-ounce masked
shrew. Mammals, in other words, vary in
mass more than a thousand times as
much as birds: In body architecture, the
comparative uniformity of birds is even
more striking. Mammals may be as fat
as a walrus or as slim as a weasel, furry
as a musk ox or hairless as a desert rat,

long as a whale or short as a mole. They
may be built to swim, crawl, burrow,
run or climb. But the design of nearly all
species of birds is tailored to and dic-
tated by one pre-eminent activity—fly-
ing. Their structure, outside and inside,
constitutes a solution to the problems
imposed by flight. Their uniformity has
been thrust on them by the drastic de-
mands that determine the design of any
flying machine. Birds simply dare not
deviate widely from sound aerodynamic
design. Nature liquidates deviationists
much more consistently and drastically
than does any totalitarian dictator.

Birds were able to become flying ma-

chines largely through the evolu-
tionary gifts of feathers, wings, hollow
bones, warm-bloodedness, a remarkable
system of respiration, a strong, large
heart and powerful breast muscles.
These adaptations all boil down to the
two prime requirements for any flying
machine: high power and low weight.
Birds have thrown all excess baggage
overboard. To keep their weight low and
feathers dry they forego the luxury of
sweat glands. They have even reduced

INTERNAL STRUCTURE of the metacarpal bone of a vulture’s

wing is shown in this drawing of a longitudinal section. The
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braces within the bone are almost identical in geometry with those
of the Warren truss commonly used as a steel structural member.



their reproductive organs to a minimum.
The female has only one ovary, and dur-
ing the nonbreeding season the sex
organs of both males and females
atrophy. T. H. Bissonette, the well-
known investigator of birds and photo-
periodicity, found that in starlings the
organs weigh 1,500 times as much dur-
ing the breeding season as during the rest
of the year.

As early as 1679 the Italian physicist
Giovanni Borelli, in his De motu animali-
um, noted some of the weight-saving
features of bird anatomy: “. . . the body
of a Bird is disproportionately lighter
than that of man or of any quad-
ruped . . . since the bones of birds are
porous, hollowed out to extreme thin-
ness like the roots of the feathers, and
the shoulder bones, ribs and wing bones
are of little substance; the breast and
abdomen contain large cavities filled
with air; while the feathers and the down
are of exceeding lightness.”

The skeleton of a pigeon accounts for
only 4.4 per cent of its total body weight,
whereas in a comparable mammal such
as a white rat it amounts to 5.6 per cent.
This in spite of the fact that the bird
must have larger and stronger breast
bones for the muscles powering its wings
and larger pelvic bones to support its lo-
comotion on two legs. The ornithologist
Robert Cushman Murphy has reported
that the skeleton of a frigate bird with a
seven-foot wingspread weighed only
four ounces, which was less than the
weight of its feathers!

Although a bird’s skeleton is extremely
light, it is also very strong and elastic—
necessary characteristics in an air frame
subjected to the great and sudden stress-
es of aerial acrobatics. This combination
of lightness and strength depends main-
ly on the evolution of hollow, thin bones
coupled with a considerable fusion of
bones which ordinarily are separate in
other vertebrates. The bones of a bird’s
sacrum and hip girdle, for example,
are molded together into a thin, tube-
like structure—strong but phenomenally
light. Its hollow finger bones are fused
together, and in large soaring birds some
of these bones have internal trusslike
supports, very like the struts inside air-
plane wings. Similar struts sometimes are
seen in the hollow larger bones of the
wings and legs.

To “trim ship” further, birds have
evolved heads which are very light in
proportion to the rest of the body. This
has been accomplished through the
simple device of eliminating teeth and
the accompanying heavy jaws and jaw
muscles. A pigeon’s skull weighs about

FRIGATE BIRD has a seven-foot wing span, but its skeleton weighs only four ounces. This
is less than the weight of its feathers. The skeleton is shown against the outline of the bird.
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one sixth as much, proportionately, as
that of a rat; its skull represents only one
fifth of 1 per cent of its total body
weight. In birds the function of the teeth
has been taken over largely by the giz-
zard, located near the bird’s center of
gravity. The thin, hollow bones of a
bird’s skull have a remarkably strong re-

AIR SACS connected to the lungs of a pigeon not only lighten the bird but also add to the
efficiency of its respiration and cooling. The lungs are indicated by the two dark areas
in the center. Two of the air sacs are within the large bones of the bird’s upper “arm.”
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inforced construction [see photograph
on page 92]. Elliott Coues, the 19th-cen-
tury U. S. ornithologist, referred to the
beautifully adapted avian skull as a
“poem in bone.”

The long, lizard-like tail that birds
inherited from their reptilian ancestors
has been reduced to a small plate of bone
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at the end of the vertebrae. The ribs of
a bird are elegantly long, flat, thin and
jointed; they allow extensive movement
for breathing and flying, yet are light and
strong. Each rib overlaps its neighbor—
an arrangement which gives the kind of
resilient strength achieved by a woven
splint basket.

Feathers, the bird’s most distinctive
and remarkable acquisition, are magnif-
icently adapted for fanning the air, for
insulation against the weather and for
reduction of weight. It has been claimed
that for their weight they are stronger
than any wing structure devised by man.
Their flexibility allows the broad trail-
ing edge of each large wing-feather to
bend upward with each downstroke of
the wing. This produces the equivalent
of pitch in a propeller blade, so that each
wingbeat provides both lift and forward
propulsion. When a bird is landing or
taking off, its strong wingbeats separate
the large primary wing feathers at their
tips, thus forming wing-slots which help
prevent stalling. It seems remarkable
that man took so long to learn some of
the fundamentals of airplane design
which even the lowliest English sparrow
demonstrates to perfection [see “Bird
Aerodynamics,” by John H. Storer;
ScIENTIFIC AMERICAN, April, 1952].

Besides all this, feathers cloak birds
with an extraordinarily effective insula-
tion—so effective that they can live in
parts of the Antarctic too cold for any
other animal.

The streamlining of birds of course is
the envy of all aircraft designers. The
bird’s awkwardly angular body is
trimmed with a set of large quill, or con-
tour, feathers which shape it to the ut-
most in sleekness. A bird has no ear lobes
sticking out of its head. It commonly re-
tracts its “landing gear” (legs) while in
flight. As a result birds are far and away
the fastest creatures on our planet. The
smoothly streamlined peregrine falcon
is reputed to dive on its prey at speeds
up to 180 miles per hour. (Some rapid
fliers have baffles in their nostrils to pro-
tect their lungs and air sacs from exces-
sive air pressures.) Even in the water,
birds are among the swiftest of animals:
Murphy once timed an Antarctic pen-
guin swimming under water at an esti-
mated speed of about 22 miles per hour.

A basic law of chemistry holds that the

velocity of any chemical reaction
roughly doubles with each rise of 10 de-
grees centigrade in temperature. In
nature the race often goes to the meta-
bolically swift. And birds have evolved
the highest operating temperatures of all
animals. Man, with his conservative 98.6



ENGINEERS...

As RCA moves ahead, YOU can do the same!

, COLOR TELEVISION
AVIATION ELECTRONICS
ELECTRON TUBES
MISSILE GUIDANCE
RADIO SYSTEMS

RCA expansion opens career
opportunities for you in:

An engineering position with
RCA is a permanent position,
complete with all the
advantages of a well-rounded,

liberal benefits program.

FIELDS OF ENGINEERING ACTIVITY

_ Check the chart for
specific opportunities . . .
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C—Camden, N. J.—in Greater Philadelphia near many
suburban communities.

H—Harrison, N. J).—just 18 minutes from downtown
New York.

Location Code

0—0Overseas—RCA International Division, several locations.

Please send resume of education and experience,
with location preferred, to:

RADIO CORPORATION OF AMERICA
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L—Lancaster, Pa.—in beautiful Lancaster County, about
an hour's drive west of Philadelphia.

M—Moorestown, N. J.—quiet, attractive suburban com-
munity close to Philadelphia.

Mr. John R. Weld, Employment Manager
Dept. A-1C, Radio Corporation of America
30 Rockefeller Plaza
New York 20, N. Y.
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“this is high fidelity”

Here is your guide to an easy understanding of
Hi-Fi—the modern revelation in musical en-
joyment. This non-technical booklet shows you
step-by-step how to select a high fidelity music
system for your home at minimum cost. Tells
you what to look for and how to save money on
every system unit; shows many handsome, prac-
tical installation ideas. If you love good music,
you’ll want this helpful, objective booklet. Write
for it today—it’s FREE.

ALLIED RADIO

America's Hi-Fi Center

e [ ———
Allied Radio Corp., Dept. P-35 s;:::u
100 N. Western Ave., Chicago 80, Ill.

[J Send FREE "This Is High Fidelity” Booklet
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YOU CAN'T ALWAYS
BELIEVE
"YOUR SENSES!

For instance —in judging the rough-
ness of a machined surface by eye or
by “feel”, sometimes you’ll get the
right answer, and sometimes not. You
can never be SURE whether the an-
swer is right or wrong; for the “con-

fusion factors” are many, and the
brain misinterprets what the senses re-
port — the same as with optical illu-
sions.

That’s one reason why men of in-
dustry turn more and more to a con-
fusion-proof shop instrument — the
Profilometer® — when dependable mi-
croinch roughness measurements are
required.

Illustrated Bulletin L23 explains
these ‘“‘confusion factors” —shows why
surfaces that look alike, or feel alike,
often differ in roughness by several
hundred per cent. May we send you a
copy? You'll be interested.

4

)

Profilometer is a regisiered trade mark.
MICROMETRICAL
MANUFACTURING COMPANY
337 S. MAIN ST,

ANN ARBOR, MICH.
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| degrees Fahrenbheit, is a metabolic slow-
poke compared with sparrows (107 de-
grees) or some thrushes (113 degrees).
Birds burn their metabolic candles at
both ends, and as a result live short but
intense lives. The average wild songbird
survives less than two years.
Behind this high temperature in birds
| lie some interesting circulatory and res-
piratory refinements. Birds, like mam-
mals, have a four-chambered heart
which allows a double circulation, that
| is, the blood makes a side trip through
the lungs for purification before it is cir-
culated through the body again. A bird’s
heart is large, powerful and rapid-beat-
ing [see table of comparisons on page
96]. In both mammals and birds the
heart rate, and the size of the heart in
proportion to the total body, increases
as the animals get smaller. But the in-
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creases seem significantly greater in
birds than in mammals. Any man with
a weak heart knows that climbing stairs
puts a heavy strain on his pumping sys-
tem. Birds do a lot of “climbing,” and
their circulatory systems are built for it.

The blood of birds is not significantly
richer in hemoglobin than that of mam-
mals. The pigeon and the mallard have
about 15 grams of hemoglobin per 100
cubic centimeters of blood—the same as
man. However, the concentration of
sugar in their blood averages about twice
as high as in mammals. And their blood
pressure, as one would expect, also is
somewhat higher: in the pigeon it aver-
ages 145 millimeters of mercury; in the
chicken, 180 millimeters; in the rat, 106
millimeters; in man, 120 millimeters.

In addition to conventional lungs,
birds possess an accessory system of five

SKULL OF A CROW achieves the desirable aerodynamic result of making the bird light
in the head. Heavy jaws are sacrificed. Their work is largely taken over by the gizzard.

FRONTAL BONE in the skull of a crow is cut through to show its hollow and braced in-

| ternal construction. The skull of the bird accounts for less than 1 per cent of its total weight.



Looking Ahead ? Include

m| ROLL-BOND |

aluminum evaporators

in your plans for 56

Already proved by over 300,000 re-
frigerators in daily use all over Amer-
ica, Western Roll-Bond evaporators
will play a large part in the 1956 plans
of major refrigerator manufacturers.
Now, right now, every 1955 refriger-
ator being built by one of the largest
manufacturers in the business has a
roll-bonded evaporator. Leakproof,
seamless, with tubes inside single,
homogeneous sheets, Western Roll-

Bond evaporators obsolete the tubing
and crude, low conductivity welds
formerly a part of evaporator design.
Now, pattern designs can be changed
in days and a complete changeover
costs only $50.00, not $50,000.00. Die

and press costs are eliminated forever.

A completed evaporator is entirely
self-contained and installation
takes but a few minutes. Because
of the unique design, voids and
frost blisters are impossible.

Right now is the time to investigate
the advantages roll-bonding will offer
your industry. Call or write for a
folder telling more about roll-bond-
ing, mailed with an actual sample of
bonded metal. Evaporator patterns
shown are in production.

OLIN MATHIESON CHEMICAL CORPORATION

EAST ALTON,
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MAGNESIUM

Easiest to
Lift,
Carry,

or Push:

MAGNESIUM

Aluminum is 50% heavier

Where weight reduction means cost
reduction in terms of power or of
human effort — USE MAGNESIUM.

Magnesium is the lightest of all com-
mercial metals. It is stiff and strong.
It is easily riveted, welded, sawed,
drilled.

Weight-reducing conversions from
heavier metals to Magnesium are pop-
ular — and profitable.

LIGHTNESS
... PLUS

Brooks & Perkins, Inc.

1936 W. Fort St.  Detroit 16, Mich.
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fabricator and rolls its own sheet
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tions of B & P designers are yours
for the asking...Send for literature.
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UPPER ARM BONE, or humerus, of a golden eagle also is cut through to show its construc-
tion. The hollow spaces not only make the bone light but also serve as respiratory air sacs.

or more pairs of air sacs, connected with
the lungs, that ramify widely throughout
the body. Branches of these sacs extend
into the hollow bones, sometimes even
into the small toe bones. The air-sac
system not only contributes to the birds’
lightness of weight but also supplements
the lungs as a supercharger (adding to
the efficiency of respiration) and serves
as a cooling system for the birds’ speedy,
hot metabolism. It has been estimated
that a flying pigeon uses one fourth of
its air intake for breathing and three
fourths for cooling.

The lungs of man constitute about 5
per cent of his body volume; the respira-
tory system of a duck, in contrast, makes
up 20 per cent of the body volume (2
per cent lungs and 18 per cent air sacs).
The anatomical connections of the lungs
and air sacs in birds seem to provide a
one-way traffic of air through most of the
system, bringing in a constant stream of
unmixed fresh air, whereas in the lungs
of mammals stale air is mixed inefficient-
ly with the fresh. It seems odd that
natural selection has never produced a
stale air outlet for animals. The air sacs
of birds apparently approach this ideal
more closely than any other vertebrate
adaptation.

Even in the foods they select to feed
their engines birds conserve weight.
They burn “high-octane gasoline.” Their
foods are rich in caloric energy—seeds,
fruits, worms, insects, rodents, fish and
so on. They eat no low-calorie foods such
as leaves or grass; a wood-burning en-
gine has no place in a flying machine.
Furthermore, the food birds eat is
burned quickly and efficiently. Fruit fed
to a young cedar waxwing passes
through its digestive tract in an average
time of 27 minutes. A thrush that is fed
blackberries will excrete the seeds 45
minutes later. Young bluejays take be-
tween 55 and 105 minutes to pass food
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through their bodies. Moreover, birds
utilize a greater portion of the food they
eat than do mammals. A three-weeks-
old stork, eating a pound of food (fish,
frogs and other animals), gains about
a third of a pound in weight. This 33 per
cent utilization of food compares rough-
ly with an average figure of about 10 per
cent in a growing mammal.

he breast muscles of a bird are the

engine that drives its propellers or
wings. In a strong flier, such as the
pigeon, these muscles may account for
as much as one half the total body
weight. On the other hand, some
species—e.g., the albatross—fly largely on
updrafts of air, as a glider does. In such
birds the breast muscles are greatly re-
duced, and there are well-developed
wing tendons and ligaments which en-
able the bird to hold its wings in the
soaring position with little or no effort.

A bird may have strong breast muscles
and still be incapable of sustained flight
because of an inadequate blood supply
to these muscles. This condition is shown
in the color of the muscles; that is the
explanation of the “white meat” of the
chicken and the turkey—their breast
muscles have so few blood vessels that
they cannot get far off the ground. The
dark meat of their legs, on the other
hand, indicates a good blood supply and
an ability to run a considerable distance
without tiring.

After a ruffed grouse has been flushed
four times in rapid succession, its breast
muscles become so fatigued that it can
be picked up by hand. The blood supply
is simply inadecjuate to bring in fuel and
carry away waste products fast enough.
Xenophon’s Anabasis relates the capture
of bustards in exactly this manner: “But
as for the Bustards, anyone can catch
them by starting them up quickly; for
they fly only a short distance like the



Compact new attack bomber,

designed for carrier operation,

continues trend to

/
/.

“more plane per pound”
o

—the U. S. Navy’s Douglas A4D Skyhawk

Continuing a growing trend, the
Douglas A4D attains maximum effi-
ciency—at lower production cost—
through highly simplified design.
Faster than many of today’s
fighters, the Douglas A4D attack
bomber is so compact that it can

Be a Naval flier—write to Nav Cad, Washington 25, D. C.

Depend on DOU GLAL§

operate from carriers without folding
its wings, giving a consequent reduc-
tion in weight, cost, and fuel con-
sumption. In all respects the Skyhawk
meets, and more than meets, demands
on range, climb, armament, and load-
carrying flexibility —exemplifying the
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Douglas philosophy of more perform-
ance per pound of airplane.

Performance of A4D shows Douglas
leadership in aviation. Planes that
can be built in quantity to fly farther
and faster with a bigger payload are
a basic rule of Douglas design.

/'/
Eu‘: First in Aviation
e e
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Engineers! Scientists!

UNLIMITED OPPORTUNITIES IN

Atomic Power

AT
VVestinghouse

In a new plant on the outskirts of Pittsburgh, Pa.,
atomic energy will be explored as a source of power
for transportation and industry.

Opportunities in this new field are unlimited for:

MECHANICAL ENGINEERS

Fluid flow, heat balance, valves, me-
chanical and hydraulic devices and
mechanisms, design and application of
high pressure piping and systems, heat
transfer, rotating machinery, general
steam apparatus and steam power
systems.

ELECTRICAL AND CONTROL
ENGINEERS

Development, design and application
of control systems and apparatus for
nuclear plants. This includes servo
analysis, application of analog com-
puters, functional and operational
analysis of mechanical and electrical
power systems and the application of
temperature, pressure, flow instru-
ments, nuclear instruments, motor con-
trollers, regulators, control panels and
special electrical controls.

PHYSICISTS

Basic reactor physics, reactor design

CHEMICAL ENGINEERS

Design and operation of chemical
process plants, design and application
experience in plant control instrumenta-
tion, hydraulic systems, heat transfer,
corrosion, ion exchange, thermal insu-
lation, plant construction and pilot
plant design and operation.

CHEMISTS AND RADIO
CHEMISTS

Physical chemists for reaction rate and
mechanisms studies. Radiation chem-
ists for radiation effects studies. Radio
Chemists for transuranic, fission prod-
uct and tracer analysis. Nuclear
chemists.

METALLURGISTS

To conduct basic research in physical
metallurgy, corrosion and radiation
effects on metals; applied research and
development on materials and processes
for reactor components in the field of
vacuum induction melting, ceramics,
powder metallurgy, welding, metal

and analysis, control systems, and working and non-destructive inspec-
experimental testing. tion.
SALARIES

Open. Ample housing available. Benefits include a hospitalization-insurance
program, and graduate study under the Westinghouse program at company

expense.

HOW TO APPLY

United States Citizenship is required!
Send resume concerning your experience and education to:
Mr. C. F. Stewart, Atomic Power Division,

Westinghouse Electric Corporation
P.O. Box 1468S, Pittsburgh 30, Pa.
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PERCENT OF | HEART BEATS

HEART BODY WE!GHT | PER MINUTE
FROG 57 22
MAN 42 72
PIGEON 1.71 135
CANARY 1.68 514
{UMMINGBIR 2.37 615

HEART WEIGHT and pulse rate are com-
pared for a number of animals. The hearts
of birds are relatively large for body size.

partridge and soon tire. And their flesh
was very sweet.”

In birds the active phase of the breath-
ing cycle is not in inhaling but exhaling.
Their wing strokes compress the rib case
to expel the air. Thus instead of “running
out of breath” birds “fly into breath.”

Probably the fastest metabolizing
vertebrate on earth is the tiny Allen’s
hummingbird [see “The Metabolism of
Hummingbirds,” by Oliver P. Pearson;
SCIENTIFIC AMERICAN, January, 1953].
While hovering it consumes about 80
cubic centimeters of oxygen per gram of
body weight per hour. Even at rest its
metabolic rate is more than 50 times as
fast as man’s. Interestingly enough, the
hovering hummingbird uses energy at
about the same proportionate rate as a
hovering helicopter. This does not mean
that man has equalled nature in the
efficiency of energy yield from fuel. To
hover the hummingbird requires a great
deal more energy, because of the aero-
dynamic inefficiency of its small wings
and its very high loss of energy as dis-
sipated heat. The tiny wings of a hum-
mingbird impose on the bird an almost
incredible expenditure of effort. Its
breast muscles are estimated to be ap-
proximately four times as large, propor-
tionately, as those of a pigeon. This great
muscle burden is one price a humming-
bird pays for being small.

A more obvious index of the efficiency
of bird’s fuel consumption is the high
mileage of the golden plover. In the fall
the plover fattens itself on bayberries in
Labrador and then strikes off across the
open ocean on a nonstop flight of 2,400
miles to South America. It arrives there
weighing some two ounces less than it
did on its departure. This is the equiva-
lent of flying a 1,000-pound airplane 20
miles on a pint of gasoline rather than
the usual gallon. Man still has far to go
to approach such efficiency.



Advomees we Applied Roclindion

DEVELOPMENTS in the FIELD OF APPLIED RADIATION ENERGY, its APPLICATIONS and the APPARATUS USED TO PRODUCE IT

HIGH VOLTAGE PIONEERS LINEAR ACCELERATORS

HiIGH VOLTAGE, sole manufacturer of
Van de Graaff particle accelerators, has
just announced the first microwave linear
accelerator offered commercially in this
country.

The initial model of a new line of linear
accelerators to be manufactured by HiGH
VOLTAGE is a radiation-producing machine
designed especially for operation in the 4
to 7-million-volt range. 'The company will
soon introduce several models of this ac-
celerator for cancer therapy, scientific re-
search, industrial radiography, electron-
beam sterilization and radiation proces-
sing of plastics and other chemical prod-
ucts.

This seven-million-volt atom-smasher
has been undergoing an exhaustive test
program at HIGH VOLTAGE’s plant for sev-
eral months. Excellent performance is re-
ported by the company’s physicists and
engineers. Its introduction will fill a long-
felt need for a compact, flexible radiation
machine capable of operating efficiently
in this particular high energy range.
Adapted to cancer therapy, it will sup-
plement the 2-million-volt Van de Graaff
x-ray generator also made by HiGH VoLT-
AGE, nearly a score of which are now in
use in hospitals both in this country and
abroad.

The powerful beam of electrons pro-
duced can be used directly in the treat-
ment of biological or chemical systems,
or it can be fired onto a gold target with
x-rays being produced in the collision.
These x-rays have far greater penetrating
power than x-rays normally used in med-

ATOMANIA

This is a neutron.
It thinks it's a 'miait
plu: an electron
but it's not positive.

ical therapy and industrial radiography.
As an x-ray source, the new linear accele-
rator will produce several hundred roent-
gens of radiation at one meter while oper-
ating at 6 to 7 million volts. Electron beam
power is approximately one kilowatt in
the range from 4 to 6 million volts.

Compactness is a most important fea-
ture of the new accelerator, allowing it
to be flexibly mounted at considerable dis-
tance from its radar frequency power sup-
ply and controls, and to be operated in a
relatively small treatment room. This com-
pactness and the flexibility it makes pos-
sible, together with the very high energy
of the x-rays it produces, make the linear
accelerator a valuable new tool, both for
industry and for the battle against deep-
seated cancer.

Van de Graaff Components for Britain

HiGH VOLTAGE has recently contracted
to supply all the vital components of a
huge 6-million-volt Van de Graaff accele-
rator soon to be located at the Imperial
College, Kensington, England. The heavy
metal components, including the pressure
tank, will be purchased in Britain and the
machine assembled there. It will be used
in a program of fundamental nuclear re-
search conducted by Prof. Samuel De-
vons. The 6-MeV machine will be similar
to those built by HiGH VoLTAGE for Oak
Ridge National Laboratory, Rice Institute
and to another now under construction for
Columbia University.

Cancer Therapy Unit to Cleveland

A two-million-volt Van de Graaff for
cancer therapy will be delivered this
month to University Hospitals, Cleveland,
Ohio, where it will mark the first step in
the expansion of the radiology department
to two or three times its present size. Dr.
Hymer L. Friedell, director of Radiology,
will use the machine for rotational ther-

apy, in which the patient is placed in a
rotating chair and the powerful x-ray
beam precisely focused on the axis of the
tumor. In this way, the tumor is continu-
ously subjected to radiation, while dosage
to the skin and surrounding tissue is mini-
mized.

Radiographic Machine Gets New Mount

The unique one-million-volt Van de
Graaff x-ray generator for industrial ra-
diography recently introduced by HicH
VOLTAGE has now been fitted with a new
mount which accentuates this supervolt-
age machine’s portability. The Lewis-
Shepard Company of Watertown, Mass.,
has designed and built a new version of its
Jack-Stacker especially for use as a car-
riage for this compact x-ray source. With
the new mount, the machine can be moved
to any part of a plant, used at any angle
from horizontal to vertical, and made op-
erative simply by plugging in a power
cable. This radiographic unit is the small-
est (its tank is only six feet long and 36
inches in diameter), the lightest (it weighs
only 2,500 pounds) and the lowest-priced
one-million-volt x-ray generator made. Its
3% millimeter focal spot makes possible
radiographs of remarkable clarity through
metal sections up to five inches thick with
short exposure times.

Hicu VortAGE ENGINEERING CORPORATION

7 UNIVERSITY ROAD

CAMBRIDGE 38, MASSACHUSETTS
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History of a Dig

How does an archaeologist decide where to excavate, and exactly
how does his work proceed? These questions are answered in terms

of the digging at a single site: Cerro Culebra on the coast of Peru

ach year parties of archaeologists
E stick their spades into a few doz-
en sites in more or less deserted
corners of the earth to dig for man’s
buried past. When their needle-in-a-
haystack search is rewarded with some
dramatic new find—the treasures of a
vanished civilization, the tools of early
men long obliterated by geological time
—we are apt to think of the discovery as
a stroke of luck. Any dig of course is a
gamble, but discoveries come often
enough to keep archaeologists interest-
ed in their profession. A modern archae-
ological expedition is not undertaken
lightly: it takes money, equipment and
a great many man-hours. How do archae-

-

AERTAL PHOTOGRAPH was one of many studied to find a pre-
Tiahuanaco site. The photograph shows Cerro Culebra, the site
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by Louis M. Stumer

ologists select a site and carry out their
exploration?

This article will try to answer the
(uestion by giving an account of excava-
tions made at a site in Peru in 1952 and
1953. Like most archaeological field
work, these excavations yielded some
unexpected finds, some disappointments
and some leads for further digging.

Readers of SCIENTIFIC AMERICAN

should be well acquainted with the his-
tory of Peru, for excavations there have
been reported in several articles in this
magazine [see especially “The History
of a Peruvian Valley,” by James A. Ford,
August, 1954, and “The Lost Cities of
Peru,” by Richard P. Schaedel, August,

-
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1951]. Archaeological work in Peru has
been guided primarily by the peculiar
geography of the country—a country di-
vided into many separate communities
by the great ranges of the Andes and by
deserts. The long coastal desert of Peru,
below the towering Andes, is cut into
many valleys by rivers flowing across the
strip from the mountains to the Pacific
Ocean. In the prehistory of Peru small
settlements in these valleys grew into
valley states; the valley states were
united by conquest into kingdoms, and
the kingdoms eventually combined in
the great Inca Empire, which was ended
by the Spanish Conquest in 1532. It is
in the coastal valleys that archaeologists

discussed in this article. The trapezoidal structure at right center
is the temple enclosure. The small pits at left are looted graves.



have done most of their digging for in-
formation on the early history of Peru.

Our expedition wished to investigate

the culture of the Peruvian Central
Coast in the period just before the val-
leys were overrun by a mountain people
(associated with a site known as
Tiahuanaco) from the Andes. The
period in which we were interested is
estimated to date roughly from the time
of Christ to A.D. 500.

Finding a site of this era was not easy,
because its settlements were few and
scattered. Fortunately the Peruvian Air
Force had a complete set of aerial pho-
tographs of our region and generously
made them available to us. The value of
aerial photos to archaeologists cannot be
overemphasized. Not only do they make
possible a quick survey of sites that are
most difficult to reach on foot, but often
it is much easier to identify sand-covered
ruins from the air than on the ground.

We surveyed the photographs and
studied carefully enlargements of those
that contained ruins. The settlements of
each epoch in Peru had a characteristic
pattern or ground plan; thus from in-
spection of the photographs we were
able to narrow our search to the sites
most likely to be of the period we wished
to study. We then visited and made a
thorough examination of each of these
sites, including an analysis of pottery
fragments found on the surface. After
three months of reconnaissance we final-
ly chose a site known as Cerro Culebra
(meaning the hill of the serpent) at the
mouth of the Chillon River some 10
miles northwest of Lima. Cerro Culebra
showed a high concentration of excellent
pottery fragments of the pre-Tiahuanaco
periods; it was uncomplicated by later
reoccupations; it had suffered little from
the attentions of grave robbers; there
was an imposing ceremonial pyramid as
well as an extensive living area, and
there was good evidence of fairly large
and undisturbed cemeteries.

During the reconnaissance we had
been acquiring the tools and equipment
we needed for the dig. It is no longer
necessary to import a great deal of
archaeological equipment to Peru, as
practically everything needed can be
purchased locally at prices which com-
pare favorably with those in the U. S.
We also arranged for storage and labora-
tory space at the Museo de la Cultura
Peruana with its cooperative director,
Luis E. Valcarcel, one of Peru’s outstand-
ing archaeologists. When we had chosen
the site for digging, we applied to the Pe-

ruvian Government for an excavation

LARGE DWELLING of the Playa Grande culture is excavated at Cerro Culebra. The post at
upper right is one of those that supported a loggia. The wall at top is made of poured adobe.

| S i

CHILD’S GRAVE is opened at Cerro Culebra. At the left is a large pottery vessel. At the

right is a wooden plaque on which the photograph is identified for later research purposes.

5

ADULT BURIAL at Cerro Culebra is completely excavated. Although the body is remark-
ably well preserved, it is not mummified. Its preservation is due to the dryness of the soil.
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ANCON
<« NECRGPOLIS

<~ PLAYA GRANDE

— 4 LELPALMO
' l-.cERRO CULEBR“A

SITES mentioned in this article are located on a map showing a small part of Peru. Cerro
Culebra is near the mouth of the Chillon River about 10 miles northwest of Lima. The
expedition to Cerro Culebra also excavated El Palmo. Playa Grande lent its name to one of
the cultures at Cerro Culebra. Ancéon Necrépolis was a famous site excavated earlier.
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permit. It was readily forthcoming, for
Peru’s Director of Archaeology, Jorge
C. Muelle, is an enthusiastic archaeolo-
gist, with a lively desire for the further-
ance of scientific field research and the
solution of the many problems of the pre-
Conquest civilizations. We were fortu-
nate enough to obtain the services of
two of Peru’s most experienced archaeo-
logical workmen to take charge of the
digging; they were available at once be-
cause the government had just suspend-
ed its long excavations at the famous
site of Ancén Necropolis. Skilled and
knowledgeable labor is of the highest im-
portance in any archaeological excava-
tion; it is remarkable how much more
scientific work can be accomplished
when the expedition does not have to
supervise closely the removal of every
shovel load or worry about the break-
age and fiascoes that almost invariably
bedevil a dig begun with inexperienced
workmen.

The most important work is the exca-
vation of the ancient refuse heaps, called
middens, on which archaeologists rely
for establishing the sequence of cultures
at a site—that is, the history and cultural
development of the peoples who in-
habited it. In Peru the chief index of
relative chronology is pottery style. A
midden is carefully peeled layer by layer
(usually 10 or 20 inches at a time), and
the pottery fragments and other human
remains at each level are screened and
analyzed. Great care must be taken to
make sure that the refuse heap used for
dating has not been disturbed, because
the ancient Peruvians had a tendency to
use midden material as fill for building
house foundations and their temple pyr-
amids, thus providing a reverse stratigra-
phy for the unwary!

t Cerro Culebra we began by explor-
ing, with our two workmen, a small
cemetery adjoining the ruins of the an-
cient settlement’s houses. We excavated
eight graves, of which the first five turned
out to be those of children. In them
were found some excellent ceramics,
some extraordinarily well preserved bas-
ketware dolls and two urn burials. The
culture proved to be the one named
Playa Grande, after another site nearby.
It is identified by an interlocking fish or
serpent motif which appears on most of
the pottery and textiles. Remains of the
Playa Grande culture have been found
at various points over a 50-mile stretch
along the Central Coast of Peru. It ap-
pears to have been primarily a fishing
and agricultural civilization, but also to
have attained a high degree of artistic



elegance for its comparatively early
time.

After this first small grave plot was
exhausted, we moved on to a large
mound some 500 yards from the center
of the settlement. Here we encountered
the first of the surprises that were in store
for us. I had expected this mound to be
a large midden, because there was quite
a bit of organic refuse on it. But the first
half day’s digging showed it was not a
midden at all; the mound covered the
remains of the most imposing dwelling
of the period ever found.

We spent six weeks excavating this
ancient house—an elaborate affair of
painted clay cornices, patios, outdoor
loggias and inside and outside hearths.
Near the inside hearth were several cir-
cular storage pits abundantly stocked
with fish, corn, peanuts, yucca and lima
beans. There was also a stone pen for
keeping guinea pigs—still a staple of the
Indian diet in the Andes. The construc-
tion of the house was rather complex.
The outer walls were made of poured
adobe, the partitions of handmade
adobe bricks and the roof and loggia
were supported by a frame of large wil-
low logs. The roof itself was constructed
of heavy cane crossbeams, over which
were laid several layers of lighter canes
lashed together. In the almost rainless
climate of coastal Peru this type of roof
provided all the shelter needed, and the
space between the adobe walls and the
roof-supporting willow logs provided air
circulation during the hot summer
months. All in all, the house was very
well planned and must have been most
comfortable for its time.

Further digging disclosed that the
main patio contained 23 graves, and that
the house overlay another of an earlier
phase of the same culture, also with its
own family burial plot. This rather con-
clusively confirmed a tentative theory we
had formulated in previous excavations
at Playa Grande: that burials of this
period generally occurred in small family
groups and that the practice of interment
in general cemetery areas did not take
hold until somewhat later. We encoun-
tered a strange sight, however, in the up-
per house: in three of its doorways lay
the bodies of infants wrapped for burial.
The meaning of this unsanitary cere-
mony remains obscure.

We excavated only a portion of the
underlying house, as total excavation
would have entailed destruction of the
later dwelling above. What we uncov-
ered showed that the earlier building
had walls of small adobe bricks and
guinea pig pens made of canes rather

it .

WALL PAINTINGS of the Cerro Culebra temple may be seen on the side of the trench in
the foreground. The canes and adobe fragments at the right are remnants of the roof.

than stone. Below the lower house we
found only sterile sand.

Our next excavation was the clearing
of a cemetery plot adjoining a small
cluster of simple dwellings. As might
have been expected, the burials were
simple—poverty-stricken might be a bet-
ter word—but in sufficient number to
provide a representative sample for
analysis of the physical build of the peo-
ple of this period. We were particularly
pleased to find a high percentage of
adults for measurement, because up to
this excavation infant mortality among
the burials had been running around 40
per cent!

f\t the conclusion of this rather dull
phase of the excavations, we pro-
ceeded to the pyramid temple—the heart
of the Cerro Culebra settlement. The
temple has a trapezoidal central pyramid
surrounded by a quadrangular wall, also
in the form of a trapezoid, measuring
820 feet on its longest side. The pyramid
itself is some 50 feet tall at its highest
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point. It was the largest Playa Grande
structure yet encountered.

We began our digging in the central
quadrangle on top of the pyramid. It
quickly became apparent that here, as
on the large house site, there were two
distinct periods. The first builders had
erected the mound and the walled
quadrangle; its architectural style
showed that it had been built during the
period of the upper house I have de-
scribed. Later a massive structure of
poured adobe and a broad ceremonial
stairway had been added on top of this.
Pieces of pottery found at this upper
level identified it with what is known as
the Maranga culture, which followed the
Playa Grande era and came just before
the Tiahuanaco period. Thus this super-
position gave us most of the culture se-
quence we were seeking—a fortunate
circumstance, because the refuse heaps
found at Cerro Culebra cover only the
Playa Grande period and do not connect
with other epochs.

However, the very superposition that
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Pottery was used to date the excavations. These decorated vessels of the Playa Grande culture were taken from

aided us in our chronological problem
hindered us in our study of the temple,
for we could not explore the lower part
thoroughly without demolishing the up-
per part, and the Peruvian Government
frowns on the destruction of prehistoric
architecture,

One day, in my annoyance with the
architectural situation, I kicked at the
sand in front of one of the walls of the
original quadrangle, which projected
only an inch or so above the windblown
sand and rubble. The furrow where I
had kicked the sand away exposed bril-
liant flashes of red, black and white on
the walll I quickly summoned the work-
men, who were busy clearing the great
staircase, and we eagerly dug along the
top of the wall to a depth of some six
inches. This shallow cut showed enough
to make us certain that we had come
upon the best preserved and most ex-
tensive series of wall paintings yet found
on the central coast of Peru. The paint-
ings apparently extended the entire
length of the temple mound. The only
feasible method of uncovering them
without destroying the overlying con-
struction was to sink a narrow trench
along the whole length of the wall.

We engaged extra diggers at once and
went anxiously to work. During the next
weeks we uncovered six distinct panels
of wall paintings, all but one of them in
excellent shape. Some were painted in
as many as nine colors. The panels oc-
cupied the middle 85 feet of the wall,
and some were more than six and a half
feet high. Beyond the ends of the panels
the wall was painted a clear, brilliant
yellow. It had originally been topped
with a cane and clay roof, also brilliantly
painted, but this and the top of the wall
had been destroyed in the building of
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the upper structure. It was possible,
however, to get a mental picture of how
the complete section must have looked
from the many roof fragments found on
the floor of our trench, which was, in-
cidentally, the clay floor of the original
temple itself.

The colors were of vegetable origin
and had been applied over a fine yellow
clay coating with a technique surprising-
ly similar to that of true fresco. The
panels represented deities or demons
and were executed in a most effective
geometric style. They had a prominent
motif of serpents, similar in design to
those found on ceramics and textiles of
the Playa Grande period. Perhaps these
paintings explain the name Cerro Cule-
bra (hill of the serpent), because the
only serpents we ever saw at this site
were those on the frescoes.

[_\side from the paintings’ artistic and
archaeological value, they suggested
a completely new line of exploration.
Several of the motifs, as well as the con-
cept and execution of the serpents, are
remarkably similar to those appearing on
pottery and stone sculpture found in the
Callejéon de Huaylas, a basin in the
Andes more than 200 miles northeast of
the Cerro Culebra site. Somewhere on
the long route between these points
there must be traces of the travels of peo-
ple from one place to the other. Hence
a thorough survey of the territory be-
tween the upper part of the Callején de
Huaylas and the Chillon Valley is defi-
nitely in order and has high possibilities
of being archaeologically productive. It
is not being overoptimistic, I feel, to
think that there may well be one or more
sites in this area equal in importance to
Cerro Culebra.
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We cleared the entire painted por-
tion of the south wall of the inner quad-
rangle, checked the north wall at several
points, where we also determined both
the earlier and final pyramid construc-
tion, penetrated to and through the tem-
ple floor in the inner and outer quad-
rangles, cleared a portion of the main
stairway and temple approaches, and
made cuts in several refuse heaps in the
temple. This intense activity was made
possible by the cooperation of Richard P.
Schaedel, whose archaeological ability
and knowledge of pre-Columbian archi-
tecture enabled me to concentrate on
the wall paintings and location of refuse
deposits with the serene knowledge that
the architectural examinations were be-
ing carried on with a great deal more
competence than I myself could muster.

After devoting some six weeks to this
work we were reluctantly forced to move
on, as time was growing short and our
major task was the examination of grave
contents and stratigraphy. We finished
our field work with excavation of a num-
ber of burials at El Palmo cemetery
near Cerro Culebra. Here surface recon-
naissance had given rise to high hopes
that we might be able to establish at
least the beginnings of an uninterrupted
culture sequence from the Maranga cul-
ture straight through the Tiahuanacoid
periods and well into the epoch of king-
doms and confederations which imme-
diately preceded the Inca Empire. Our
hopes were dashed when actual digging
demonstrated that El Palmo’s earliest
graves apparently went no farther back
than the Tiahuanacoid. However, our
work was not wasted, as sufficient cases
of grave superposition were found to
give us the first solid culture sequence
for the Chillon Valley from the begin-



graves at Cerro Culebra

ning of the Tiahuanacoid to the Inca
epoch. A goodly amount of information
was also gleaned about the spread of
local cultures. In addition, El Palmo
graves yielded good examples of the pot-
tery and other artifacts of the later peri-
ods of central coast prehistory.

lAt the conclusion of this phase of the |

work, the laborers were dismissed
and we proceeded to our laboratory at
the museum for analysis of our Cerro
Culebra finds. We expect to get from
this work a fairly conclusive typing of
the Playa Grande pottery style, especial-
ly when we correlate it with the material
obtained from the excavations at Playa
Grande itself. As for the objects un-
earthed from the graves, they have al-
ready provided a great deal of insight

into the social classes of the PlayaI

Grande civilization, the trade between
the Peruvian coast and the Amazon
River region in early prehistoric times,
and the metallurgy, bone work and tex-
tiles of the Playa Grande culture, which
were more highly skilled than has been
thought up to now.

During this period of evaluation in
the lab at Lima we have also catalogued,
cleaned and packed all the excavated
material to preserve it from the high
humidity of Lima’s foggy winter months,
have photographed all the significant
items and have examined numerous
mummies of children removed from the
graves. During the actual dig daily field
notes were made and many photographs
taken. At the end of a dig there is usually
a good deal of work putting all this field
material in convenient form for detailed
study, and the Cerro Culebra excava-
tions were no exception to the rule. It
should be pointed out that in practically
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all archaeological field work there are
many, many days which are extremely
dull and unproductive and during which
the taking of field notes and photographs
proceeds in an orderly and sometimes
almost drowsy way. At other times, how-
ever—when, for instance, an important
tomb is being opened—everyone is so

| busy that order must perforce go by the

board and it requires an able field as-
sistant to catch and appreciate the sig-
nificance of the many remarks that are
made during the course of the action.

| We were fortunate in having the services

of Patricia Fry in this capacity, and her
enthusiasm and grasp of the work re-
sulted in our records being in eminently
satisfactory condition.

The last stage of a dig is the prepara-
tion and publication of the final report.
This involves research into accounts of
all prior work that might have a bearing
upon the subject, description and classi-
fication of the data, consultation of spe-
cialists on such topics as textiles, plant
remains, architecture and physical an-
thropology, and evaluation of the results.

At this stage the field work itself be-
comes a pleasurable memory, and the
archaeologist, attempting to fit the dead
remains together into a meaningful pic-
ture at his desk in an office or library,
dreams longingly of days on the hot
desert with the wind blowing sand in his
face!

Yhis, then, is the history of a dig, be-
ing in part the actual account of a
series of excavations which only recently
came to an end, and in part a foretaste
of what the author is now going through
and what is necessary before any archae-
ological work can have any real value.
It requires many months of evaluation,
research and writing.

On emerging from the field archaeolo-
gists are apt to swear that wild horses
will never drag them back, and that all
they want is to spend the rest of their
days in the comfortable surroundings of
amuseum or campus. After some months
of having their wish, a certain restive-
ness begins to be noticeable. Conversa-
tions begin to turn to field projects, usu-
ally in areas in which six months before
they would not have been found dead!
Plans for a new expedition crystallize,
and soon the archaeologist is booking
passage on an airline or steamship. As
this article goes to the editor, the writer
is on his way back to Peru. [Last month
Dr. Stumer discovered, at a site 15 miles
up the Chillon Valley from Cerro Cu-
lebra, the ruins of a larger settlement
which seems to have been the capital
city of the Playa Grande culture.—Ed.]
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by Morris Kline

MATHEMATICS AND PLAUSIBLE REASON-
ING, by George Polya. Princeton Uni-
versity Press ($9.00).

athematics has been called the
M science that draws necessary

conclusions, because its proofs
are based on deductive reasoning. But
before a mathematician formulates his
final, thoroughly rigorous proof, many
rehearsals take place, and in these it is
not deductive reasoning but plausible
reasoning that is practiced. Deductive
reasoning becomes useful only when we
know what to prove and how to prove
it. Plausible reasoning is the logic of dis-
covery. In his two-volume work on the
subject Polya, emeritus professor of
mathematics at Stanford University,
does a masterful job of showing just how
plausible reasoning is used in mathe-
matics.

What are the basic methods of plausi-
ble reasoning? Briefly stated, they are
induction, analogy, generalization and
specialization. Let us, following Polya,
examine these methods and their appli-
cation to mathematics. In his first vol-
ume, entitled Induction and Analogy in
Mathematics, he illustrates the methods
with examples.

Induction, as is well known, is the
process of inferring a general conclusion
from a number of special cases which are
observed to be true. How does induction
proceed in mathematics? Suppose that a
mathematician, observing that 2, 4, 6
and 8 are each the sum of two prime
numbers, concludes inductively that
every even number is a sum of two
primes. He has arrived at a conjecture, a
possible theorem. The mathematician
could not prove his conjecture by con-
tinuing to examine even numbers, be-
cause one cannot test all of the infinite
set of even numbers. But he has at least
discovered what to prove.

Analogy, a second method of plausible
reasoning, proceeds on the basis of sim-

BOOKS

The role in mathematics of “plausible”

reasoning, e. g., induction and analogy

ilarity between two situations. If the sim-
ilarity is close enough, one may conjec-
ture that a conclusion which holds in one
situation should hold in the other. For
example, from theorems on polynomials
(expressions containing more than one
term) one might tentatively derive
analogous theorems for a power series,
which is a polynomial of an infinite num-
ber of terms.

Induction and analogy are the most
conspicuous forms of plausible reason-
ing. But less conspicuous ones, such as
generalization, are highly useful. In this
process one passes from a given class of
objects to a more inclusive, larger class.
For example, theorems about triangles,
which are polygons of three sides, often
suggest theorems about polygons of any
number of sides.

In the process of specialization, the
fourth method, one passes from a given
set of objects to a subset. For instance,
to obtain a theorem about all triangles
one might start by examining equilateral
triangles.

Though for clarity the methods of
plausible reasoning have been separately
described, in practice they are not so
sharply distinguishable. For example,
the method of generalization certainly
has much in common with induction. To
pass from knowledge of second- and
third-degree equations to the nth-degree
equation is as much induction as gen-
eralization. Properties of the ellipse may
hold for the hyperbola because they are
both conic sections. Hence analogy is in-
volved. But by a slight change in point
of view one may argue that a property of
the ellipse should by generalization hold
for all the conic sections and therefore
hold for the hyperbola in particular.
What matters, however, is that the pat-
terns exist and can be employed sepa-
rately or collectively.

The simple instances of plausible rea-
soning given above do not do justice to
the variety, depth and fascination of the
examples chosen by Polya. They range
from elementary algebra and plane ge-
ometry to advanced portions of analysis.

Besides the many examples of meth-
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ods of plausible reasoning the first of
Polya’s two volumes deals with other
valuable topics, including a chapter
showing how natural phenomena sug-
gest mathematical problems and meth-
ods of solution. Nature—father and
mother to mathematics—rarely deceives
its offspring, and then only to instruct
it. The solutions that nature suggests are
more than plausible.

In Volume II, entitled Patterns of
Plausible Inference, Polya goes on to
delineate the patterns of plausible rea-
soning in general terms. Suppose that we
have some reason to believe in the truth
of proposition A and that proposition A
implies a second proposition, B. Now if
we discover that B is true, A gains in
credibility. If B, though true, happens
to be a very improbable proposition, we
have all the more reason for confidence
in A, which implies it. Polya treats this
pattern and others as types of inductive
reasoning, but he fails to deal with the
important, basic pattern of induction
that involves inferring a proposition, A,
from special cases. A person might ex-
amine even numbers for months and
never notice the inductive conclusion
that every even number is the sum of two
primes. Apparently this kind of conjec-
ture requires some process which is not
covered by the recognized principles or
patterns of reasoning. I shall return to
this point presently in connection with
mathematical creation.

After induction Polya considers in
similar fashion the patterns of the other
kinds of plausible inference—analogy,
generalization and so on. Suppose that
we wish to establish proposition A and
we note that A is analogous to B and
that B is true. A thereby becomes more
credible. If B is merely credible, we gain
some confidence in A but not as much as
when B is true. Suppose, again, that a
proposition, B, implies A, but B is found
on testing to be false. Then A becomes
less credible. Conversely, a proposition
which is incompatible with B gains in
credibility if B is found to be false. A
more complicated pattern is: C implies
both A and B. If B is found to be true,

107



C becomes more credible, and so does A,
because C implies A.

One of the many fine features of Pol-
ya’s presentation is that he utilizes non-
mathematical examples to make the pat-
terns clearer. Suppose that a person is
accused of blowing up a yacht with
dynamite. Let us call the assumption
that he is guilty proposition A. We learn
that the defendant possessed some dy-
namite; call this fact proposition B. Our
knowledge that B is true does not prove
A (the defendant’s guilt). However, it
certainly renders A more credible, since
A implies B. In a law court this plausi-
ble inference often persuades the jury to
convict. In mathematics A is never es-
tablished until it is proved deductively.

Polya introduces in his second volume
the mode of plausible reasoning based
on mathematical probability. Basically
the mathematical theory of probability
enables us to infer likely conclusions
about random mass phenomena. To take
a simple example, the theory of probabil-
ity asserts that if we throw a pair of true
dice 600 times, say, we may expect a
seven to appear about 100 times; it is
far from certain, but it is likely.

The theory of probability is commonly
used to test statistical hypotheses. Sup-
pose we wish to test the hypothesis that
boy and girl births are equally likely, and
as the test we examine the records of
1,000 births at random. Say the records
show that 525 were boys and 475 girls.
We would apply the theory of probabil-
ity to determine the likelihood that in
1,000 births a deviation of 25 from the
expected number might occur by
chance. If this probability is not too
small—say no smaller than 1/50—the hy-
pothesis of ecual births is acceptable.
If, however, the probability of a chance
deviation of this size is only 1/1,000, we
should reject the hypothesis. In other
words, “the actual occurrence of an
event to which a certain statistical hy-
pothesis attributes a small probability
is an argument against that hypothesis,
and the smaller the probability, the
stronger is the argument” against the
hypothesis.

The theory of probability can be used
to test the credibility of a physical
theory. To use one of Polya’s nontech-
nical examples, suppose that three out
of four cuckoo clocks in a store window
are observed to agree within two min-
utes of each other. Can one rely upon
the time they show? The hypothesis we
wish to test here is that all the clocks
were set to the correct time and that
three have kept nearly accurate time,
while the fourth, being truly cuckoo, has
wandered. We begin by considering the
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possibility that all four clocks were set
going at random and three of them now
happen to agree by chance; that is, run-
ning at different rates, they have caught
up with one another at this moment. To
test the possibility that chance alone ac-
counts for the agreement of the three
clocks, we adopt the hypothesis that all
four clocks are equally likely to record a
given time, and we calculate the prob-
ability that in a 720-minute period (12
hours) three out of four clocks would
chance to agree within two minutes. This
probability turns out to be so small that
we prefer to believe our original theory,
namely, that the clocks were set to the
correct time and one is functioning in-
accurately.

One might apply the same reasoning
to check a bank balance. If the bank’s
statement agrees with my book balance,
it does not follow indisputably that the
balance is correct. However, the proba-
bility in this case is overwhelmingly in
favor of the hypothesis (which we may
call a physical theory) that the bank
and I are accurate in our arithmetic. As-
suming that the balance is a five-figure
number (pennies included, since this is a
professor’s bank account), the proba-
bility that the two balances would agree
purely by chance (allowing the possi-
bility of any number from 00000 to
99999) is only 1/100,000.

Polya’s discussion of the use of the
theory of probability shows how conjec-
tures, possible theorems, physical theo-
ries and statistical hypotheses can be
either supported or discredited. The
theory is therefore a method of plausible
reasoning. However, it also serves an-
other purpose in this book. Polya demon-
strates that probability theory may be
applied to give a rough indication of the
degree of reliability of conclusions ar-
rived at by other methods of plausible
reasoning, though, as he points out, it is
impossible ever to attain an exact numer-
ical measure of the credibility of a propo-
sition.

In mathematics plausible reasoning,
as we noted at the outset, is only the
prelude to deductive proof. How does a
mathematician proceed from one to the
other? On this crucial point Polya’s dis-
cussion is forced and unsatisfying. He
presents some obvious truths and sug-
gestions, noting among other things that
the inductive process itself sometimes
suggests the deductive proof or at least
gives insight into the problem. But he
has little to say about how mathemati-
cians discover a method of proof when
it is not apparent.

This omission brings to focus the one
weakness of Polya’s book. His argument
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suggests that the two essential steps in
mathematics—discovering what to prove
and devising a method of deductive
proof—depend entirely upon plausible
reasoning. Polya says, in fact: “Anything
new that we learn about the world in-
volves plausible reasoning.” But there is
another indispensable element—the cre-
ative act of the human mind. Flashes of
illumination or insight, spontaneous
strokes of genius, ideas suddenly re-
emerging from the storage places of the
unconscious—these often disclose the
theorem or the method of proof. The
greatest mathematicians recognized this
phenomenon. Gauss and Helmholtz
spoke of flashes of lightning. Poincaré
stressed the role of the unconscious in
mathematical invention. Additional testi-
mony can be found in Jacques Hada-
mard’s The Psychology of Invention in
the Mathematical Field.

The creative act owes little to logic or
reason, In their accounts of the circum-
stances under which big ideas occurred
to them, mathematicians have often
mentioned that the inspiration had no
relation to the work they happened to
be doing. Sometimes it came while thev
were traveling, shaving or thinking about
other matters. The creative process can-
not be summoned at will or even cajoled
by sacrificial offering. Indeed, it seems
to occur most readily when the mind is
relaxed and the imagination roaming
freely. In creation “rest is the condition
of work.” Almost everyone has had the
happy experience of awaking with new
ideas after sleeping on a problem.

In the early stages of work on a prob-
lem the methods of plausible reasoning
may at least eliminate nonsense and di-
rect the mind toward a reasonable con-
jecture or method of proof. Likewise,
after the conjecture or possible plan of
proof has occurred, plausible reasoning
may do much to refine the conjecture or
method or to redirect the mind. But in
between there is mystery. It has been
said that the shortest way between two
real truths passes through the imaginary
domain. Unless we admit that there are
processes of discovery which do not ad-
here to a logic of discovery, we cannot
account for failures on the part of com-
petent professionals. Hundreds of great
mathematicians failed in their attack on
the problem of the parallel postulate be-
fore Gauss, Bolyai and Lobachevski suc-
ceeded. One cannot lay genius aside.

Polya may have omitted discussion of
the role of the subconscious in creation
simply because it is so elusive and in-
describable. Certainly it cannot be re-
duced to a pattern. Perhaps, too, Polya
believes that God will favor those who
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help themselves by employing the pat-
terns of plausible reasoning. Nonethe-
less, some mention of this creative ele-
ment in mathematical discovery would
have avoided giving the wrong impres-
sion about the process.

Polya’s main thesis remains an ex-
tremely valuable contribution. The meth-
ods or patterns of plausible reasoning
can be analyzed and are systematic
guides to the discovery of new truths. He
has shown by examples and quotations
just how the great mathematicians used
these methods. In doing so he has let
nonmathematicians in on aspects of the
creative process which are never men-
tioned in books or classrooms, where stu-
dents are given only the pat final results.
Polya wishes to aid students who would
like to invade the seemingly impregnable
domains of mathematics, to help them
attain the delight of discovery and the
thrill of creation. He would have teachers
and textbook writers show the students
how theorems and proofs are arrived at.
As he points out, mathematicians are
rarely satisfied with the mere presenta-
tion of a cold and rigorous proof; they
insist upon seeing the heuristic and in-
tuitive basis for the proof. Teachers have
presented the formal science of mathe-
matics; Polya would have them present
the vitality and the art.

His book is addressed primarily to
students desiring to develop their ability
in mathematics and secondarily to teach-
ers. But a lay reader will also learn much
about the creation of mathematics and
about plausible reasoning. The first vol-
ume presupposes some knowledge of
mathematics, but the second is largely
nontechnical. The material in both vol-
umes is fresh and highly original; the
presentation is stimulating, informal and
occasionally humorous; examples from
science, legal reasoning and daily life
make the arguments clear even to a non-
specialist. Polya’s book is a rare event
among the hundreds of mechanical, un-
illuminating books on mathematics pub-
lished every year.

Short Reviews

Stupy oF History, Volumes VII to

X, by Arnold J. Toynbee. Oxford
University Press ($35.00). These four
volumes complete Professor Toynbee’s
edifice, begun 33 years ago. In the first
six volumes he presented a natural his-
tory of 21 different civilizations (nine
others, by his count, either were hung
up at the wire or failed to run a full
course). He described how 20 of them
began, flourished, aged and expired and
how ours, the 21st, though not yet ex-
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tinct, shows “authentic symptoms of
breakdown and disintegration.” In this
final installment Toynbee examines in
detail some of the institutions of mod-
ern society and ranges over many diverse
topics. He also turns seer and religious
prophet. He considers world government
inevitable but doubts it will come in time
to save our civilization. He regards its
disintegration, however, as not an un-
mixed calamity, for out of the ashes will
emerge at some future time a better kind
of society, man making his “mysterious
spiritual ascent on the wings of mate-
rial catastrophe.” Professional historians
have not taken kindly to Toynbee’s his-
torical methods, much less to his visions,
but the general reading public has evi-
dently embraced both. A Study of His-
tory comprises 3,150,000 words, 6,290
pages and 19,000 footnotes. This incon-
tinence has had no effect upon sales. Six
thousand sets of the first six volumes
have been sold in the U. S. alone. When
completed, these sets (the publisher
says) will make a stack, if piled cne on
another, six times the height of the Em-
pire State Building. Some critics would
regard this statistic as better proof than
any adduced by Toynbee that our civili-
zation is getting out of hand.

OUR AmEeRICAN WEATHER, by George
H. T. Kimble. McGraw-Hill Book
Company, Inc. ($4.75). The U. S. has
lots of weather of all kinds every month
of the year. On the Keweenaw Peninsula
of upper Michigan 115 inches of snow
fell in January, 1950; in the western
Sierras 400 inches a year is common, and
at Tamarack, Calif., there is at least one
authenticated fall of 800 inches in a
single season. The groundhog is a bust
as far as weather prediction is con-
cerned; you might better rely on the
reports from your sinuses or rheumatic
knee. March is the windiest month.
There are plenty of frosts in April but
not every frost is a killer. May has the
most tornadoes. A druggist in Potter,
Neb., made an affidavit in which de-
ponent swore that on July 6, 1928, hail-
stones 17 inches in circumference fell in
his town. Florida has the largest mean
summer rainfall of any state, but it rains
more on Mount Washington in New
Hampshire. Death Valley holds the U. S.
heat record (134 degrees), but in Tripo-
li it gets hotter, and Washington, D. C.,
has recorded 118 degrees—a fact which
invites charity for politicians. In Fort
Yukon, Alaska, the temperature in the
shade has gone as high as 100, and the
Russians avow they once measured the
air temperature to be 88 on an ice floe
crossing the North Pole. September,



The past

is not dead

Last spring the funerary bark of a long
dead Pharaoh was headline news. During
the past year the script of the Homeric kings,
a form of writing which had puzzled scholars
for decades, was finally deciphered. At
Pylos the excavator’s spade is now uncov-
ering the palace of Nestor, wisest of the
Greeks; in Yucatan new Maya pyramid
temples are being reclaimed from the jungle.

These are the spectacular discoveries of
recent archaeology. No less important are
the “small finds”—the pottery, artifacts and
inscriptions—from which the excavator fits
together the pattern of man’s early existence
.. the

institutions by which he was

... his first attempts at agriculture .
laws and
governed . . . the religious beliefs from
which he drew strength for his own times

of trouble.
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though it has hurricanes, is a good time I'
to vacation on Cape Cod. New Jerscy |
is a terrible spot for hay fever. October
is a forest-fire month; November abounds
in fogs and smogs. A professor at Tufts
College measures temperature by count-
ing the chirps per minute of a katydid,
subtracting 40, dividing by 4 and adding
60. And if you wish to know the cause
of wind and weather you can scarcely do
better than read Caxton’s translation of
the Image du Monde by an unknown
French author of the 13th century. who
said that “Wynde is none other Thyng
but Ayer that is Meuyd [moved] so
longe tyl his force be beten down with
the stroke. Thus come ofte clowdes,
raynes, thondres and lygthnings.” Dr.
Kimble’s chatty almanac is full of such
details, but it also has its share of solid
information on what the weather is like
when, where and why.

L,_\SIA, East BY SouTH, by |. E. Spencer.

John Wiley & Sons, Inc. ($8.50).
Professor Spencer, a geographer at the
University of California, has had exten-
sive experience in Far Eastern affairs,
including eight years’ service, beginning
in 1932, with the Chinese Nationalist
Government as an official in the Salt
Administration. His knowledgeable and
objective book deals with the cultural
geography of India, Thailand, the East
Indies, Malaya, the Philippines, China,
Manchuria, Korea and Japan. It presents
information on landscapes, climate, min-
eral resources, soils, plants and plant
cultures, marine life and animals, the
geography of health and disease, lan-
guages, religions, legal and social insti-
tutions. It is a most useful volume, with
maps, charts, statistical tables and an

excellent bibliography.

EPILEPSY AND THE FUNCTIONAL ANAT-

oMy OF THE HumaN BralN, by
Wilder Penfield and Herbert Jasper. Lit-
tle, Brown & Company ($16.00). In this
splendid monograph two leaders in re-
search on the brain—Penfield is a neuro-
surgeon and Jasper a neurophysiologist—
have brought together knowledge from
their respective specialties bearing on
epilepsy. The authors advance fresh
opinions on the mechanisms of cerebral
seizures, on brain function and the seat
of consciousness, on the medical man-
agement of epileptic patients. While de-
voting a good deal of their study to sur-
gical attack on focal epilepsy, Penfield
and Jasper express the hope “that the
day will come when operation is no
longer necessary, when the gray matter,
being better understood, will be cor-

rected by some form of specific medica-
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PHILOSOPHICAL
LIBRARY BOOKS

[J THE GYROSCOPE APPLIED vy K. 1. T.
Richardson. A book, The Gyroscope and Its Ap-
plications, was published in 1916 when secrecy
restrictions prevented reference to many in-
teresting achievements and possibilities. Since
then considerable technical advances have been
made and the secrecy restrictions have been re-
laxed to some extent, although they still apply
in many instances. The present book therefore,
based on that published in 1946, has been almost
entirely rewritten describing much that is new
but at the same time incorporating most of the
information given in the first version, although
this is presented in a different manner and in
some cases from a different viewpoint.  $15.00

[J GLASS REINFORCED PLASTICS cdited
by Phillip Morgan. Glass reinforced plastics is
a many-sided subject, and a proper study of it
involves organic chemistry, design, moulding
processes and the major applications. Each of
these branches might, in itself, fill a small book,
and the present volume is therefore an attempt
to gather together the essential facts for the
general reader, yet explained in sufficient detail
for the specialist. $10.00

[0 DEVELOPMENT OF THE GUIDED

MISSILE by Kenneth IW. Catland. This edition
has been completely revised and greatly en-
larged, a number of useful features having been
added. New chapters deal with problems of pro-
pulsion, research into rocket techniques and re-
quirements, and post-war work on guided
bombs. Of particular importance is the detailed
survey of Russian potentialities for long-range
rocket development. An appendix reveals some
details of the telemetering equipment used in
British missiles, and another appendix shows
photographs, to scale, of over 40 notable rockets
from various countries. The table of charac-
teristics which was an important feature of the
first edition has also been enlarged, and now
provides data on 140 powered rockets from
eight countries. Illustrated. $4.75

[J ELECTRONS, ATOMS, METALS AND ALLOYS
by William Hume-Rothery. An introduction to atomic
theory with special reference to metals and alloys. The
subject matter is presented in the form of a dialogue
between an Older Metallurgist and a Younger Scientist,
bringing out clearly the contrast between the old and
new viewpoints. Revised edition. The author is Lecturer in
Metallurgical Chemistry, University of Oxford. 777 Illus-
trations. $10.00

[0 A TREASURY OF PHILOSOPHY edited by Dagobert
D). Runes. llere is one of the most comprehensive collections
of philosophical writings ever to be gathered between the
two covers of one hook. In a text of over 1200 pages, under
more than 375 separate entries, are to be found, not only
the great philosophers of the West. but the important,
and less familiar, thinkers of the Orient. $15.0

[J THE MICROPHYSICAL WORLD by William Wilson.
The greater part of the book is devoted to present day
knowledge about atoms and molecules, their structure and
behavior and about still smaller things such as protons,
neutrons, electrons, positrons, etc. $3.75

[0 NUCLEAR PHYSICS by Werner Heisenberg. Deals,
among other things, with Bohr’s theory, the periodic system
and the extra-nuclear structure of atoms. The main subject
of the book includes radio-activity, the binding energy of
nuclei, nuclear structure, artificially induced nuclear trans-
mutations and with the methods of observation and of pro-
ducing nuclear transmutations. The work concludes with
some account of the practical applications of nuclear
physics. With 18 halftone illustrations and 32 line illustra-
tions. $4.75

[0 FATIGUE OF METALS by R. Cazaud. Dr. Cazaud
is well known and highly esteemed in research circles; he
is regarded, not only in France but throughout the indus-
trial world, as a leading authority on the fatigue of nllselals.

$12.50

AETHER AND ELECTRICITY by Sir Edmund Whit-
aker. The first exhaustive history of the classical and
modern theories of aether and electricity. Set of two
volumes. $17.50

] ENCYCLOPEDIA OF ATOMIC ENERGY by Frank
Gaynor. More than 2000 entries defining and explaining
concepts and terms in nuclear physics and atomic energy
makes this volume a vital handbook for all those concerned
with atomic science. Illustrations, charts, tables. $7.50

MAIL THIS COUPON TODAY

F—_—_—_——————————————
Mail to your favorite bookseller or directly to i
PHILOSOPHICAL LIBRARY, Publishers |
15 East 40th Street, Desk 96, New York 16, N. Y.
Send books checked. To expedite shipment I enclose l

I remittance $... . I

| NAME . |

|

! ADDRESS



PUBLICATIONS ON

COMPUTERS & ROBOTS

P 2: COMPUTERS AND AUTOMATION. Monthly. Articles
on computing rnachinery, automatic control, cybernetics,
robots, etc. Reference information: roster of organizations,
list of automatic computers, etc. Annual subscription $4.50

P 6: CONSTRUCTING ELECTRIC BRAINS. Reprint of
thirteen published articles. Explains simply how an auto-
matic computer is constructed; how to make it add, sub-
tract, multiply, divide, and solve problems automatically,
using relays or clc‘ctlonxc tubes or other devices. Contains
many examples of circui $2.20
P 10: THE CONSTRUCTION OF LlVING ROBOTS Report.
Discusses the properties of robots and of living beings,
and outlines how to construct robots made out of hard-
ware which wjill have the essential properties of living
beings. Gives circuit diagrams.. $1.00
P 1: CONSTRUCTION PLANS FOR SIMON, the Small Me-
chanical Brain. Complete plans, circuits, essential wiring
diagrams, parts_list, etc., enabling Simon to handle num:

bers up 235, “and to’ perform e mathematical and
logical operations $5.50
P 3: CONSTRUCTION PLANS FOR SQUEE, the Robot Squir-
rel. Complete plans, circuits, wiring diagrams, parts list,

ete. Squee rolls over the floor, picks up ‘mnuts’’ in his
ands’’, takes them to his ‘‘nest’”’, there leaves them
t 4.00

dﬂ(l then’ goes hunting for more nuts

SYMBOLIC LOGIC

16: SYMBOLIC LOGIC—TWENTY PROBLEMS AND SO-
DU oS iaport. Containe Some brobloms by Lewis Car-
roll and John Venn (out of print), and many other new
problems.” Guide to using symboli¢ logic in actual situa:
huns ..$1.80

S: OLEAN ALGEBRA (THE TECHNIQUE FOR MA
NIPULATING ‘AND’; ‘OR’, ‘NOT’, AND CONDITIONS) AND
APPLICATIONS TO' INSURANCE. also DISCUSSION. Re-
print. Lxplains in simple language: what Boolean algebra
15 Mhow o recognize. the  rélations of Boolean algebra
when expressed in ordinary words; and how to calculate
with it. Contains problems, solutions, dis-
cussion. 1.50
P & A SUMMARY OF SYMBOLIC LOGIC AND ITS PRAC-
TICAL APPLICATIONS. Report. Rules for calculating
with Boolean algebra. Other parts of symhollc logic. Ap-
plications of Boolean algebra to computing machinery,
¢ircuits, and contracts. Many complete problems and so:
lutio $2.00
P 14: CIRCUIT ALGEBRA—INTRODUCTION. Report. Ex-
plains simply a new algebra (Boolean algebra modified to
include time) that applies to on-off circuits, using relays,
electronic tubes, rectifiers, gates, flip-flops, delay lines,
etc. Covers both static and sequential circuits. Applica-
fions {0 coNtrol, pregramming, and computing. Problems
and solutions involving circuits.. $1.90

Your money is returned at once you are not satisfied.
You can see these for almost nothing—why not take a look
at them? Send request direct—not through a dealer. (P.S.
We also offer 12 more publications, and 26 courses by mail.
W e have students in 48 states and territories, 20 fnrelgn
countries. Ask us for information.)

= = T T "MAIL THIS COUPON‘_____|

| Ed mund C. Berke ley and Associates, I
815 Washington St., R114, New tonville 60, Mass.

| 1. Please send me publications circled: |
| P P2 P3 P4 P5 P6 PO P14 P16 |

comments,
3

Returnable in 7 days for fun refund if not satisfactory. |
ull payment (add 10c¢ per

naling ‘and  mailmng,

e hnnoumeoment of O publications

I enclose

courses.
My name and address are attached.

New Scientific Publications—
from UNESCO

Cultural Patterns and
Technical Change

Edited by MARGARET MEAD. A
far-reaching survey of technological
change and its effect on the culture pat-
terns of the world. This book offers
important statements about the im-
plications of technical change and the
possible lines of approach to situations
that will be encountered. $2.50

Without the
Chrysanthemum
and the Sword

By JEAN STOETZEL. A searching
analysis of Japanese youth in the post-
war era. This book thoughtfully ex-
amines young people in a changing so-
ciety, and the recent reforms—educa-
tional and social-—designed to bolster
their values. $4.00

Culture and
Human Fertility

By FRANK LORIMER. The rela-
tions of cultural conditions to fertlhty
in agrarian and prumtlve societies.
Special consideration is given to the
family and related cultural values in
Asia and Western Europe and to popu-
lation problems in Africa, Brazil, and
Japan. $4.50
At your bookstore, or order from

__~__ UNESCO PUBLICATIONS
UNESE
———

International Documents Service
Columbia University Press
2960 Broadway, New York 27, N.Y.

tion.” The book is a distinguished con-
tribution to the understanding of
ancient and terrifying affliction.

CLIMATIC Cuances, edited by Harlow

Shapley. Harvard University Press
($6.00). The causes and effects of
weather change are here discussed in a
symposium. The unusually interesting
and varied articles cover climate and
race, climate and civilization, the causes
of the ice ages, solar variation as an ex-
planation of climate change, polar mo-
tion and changes in the earth’s orbit,
climatic changes and radioisotope dat-
ing, tree-ring evidence for -climatic
changes, atmospheric circulation pat-
terns, cyclical aspects of climate. The
book makes it evident that climatology is
a lively, growing science whose prob-
lems appeal to imaginative investigators.

\,[ARKETING: THE 1954 YEARBOOK OF
- AcricuLTure. U. S. Government
Printing Office ($1.75). The 1954 edi-
tion is a pretty dull affair compared with
some of its predecessors, but it has its
uses. It discusses how farmers sell their
produce, how food is transported, stored,
processed and graded. Among other
things it covers farm cooperatives, pric-
ing formulas and price supports, waste
and spoilage, the efficient use of farm
labor. Maps, charts and a marketing
atlas.

EXPLORL\'G Our NaTIONAL PARKS AND

MONUMENTS, by Devereux Butcher.
Houghton Mifflin Company ($4.00).
This is the fourth edition of a helpful
guidebook to 26 major national parks
and to other places of natural and ar-
chaeological interest. The book contains
maps, many halftone illustrations and 16
fuzzy color plates which look as if they
had been printed by an absent-minded
amateur in his basement.

HE DISTRIBUTION AND ABUNDANCE

or AxmmaLs, by H. G. Andrewartha
and L. C. Birch. The University of Chi-
cago Press ($15.00). This exhaustive
800-page monograph deals with ani-
mals’ survival and increase. Among the
topics considered are the innate capac-
ity for increase in numbers, the genetic
aspects of ecology, the factors causing
animals to disperse and the effects of
weather, other organisms and various
kinds of food on habitat and population
size. A most impressive book, presenting
a new theory for specialists in biology.

HE ODYSSEY OF AN ANIMAL COLLEC-

TOR, by Cecil S. Webb. Longmans,
Green and Co. ($6.50). This agreeable
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MINERALS FOR

ATOMIC ENERGY

By Robt. D. Nininger, Asst. Deputy Director
For Exploration, U.S. Atomic Energy Comm.

The most complete reference and guide
to successful prospecting for uranium,
thorium, beryllium—now with new color
plates, A.E. Act 1954, P.L. 585, new areas
for prospecting.

Tells what to look for, where and how to
look, equipment and techniques to use.
Coverseveryfact you need to know,every
area and potential mineral source. In-
cludes extensive appendices on mineral
identification, testing, analysis, counters,
prices, markets, laws, foreign informa-
tion. 379 jam-packed pages.

Still only $7.50

at all bookstores, or write
D. VAN NOSTRAND COMPANY, INC.
250-4th Avenue, New York 3, N. Y.
in Canada

D. VAN NOSTRAND CO., (Canada) Ltd.
25 Hollinger Road, Toronto 13, Canada

Just Publisbea’——
e ¢ MOSQUITOES

Their Bionomics
and Relation to Disease
WILLIAM R. HORSFALL. A complete sum-

mary of the information now available on the
bionomics of the subfamily of mosquitoes. The
combined results of the research of sanitarians,
epidemiologists, ecologists, physiologists are set
forth systematically for easy reference. Material is
arranged according to accepted taxonomic classi-
fications. General information on the subfamily as
a whole and on each genus precedes the more de-«
tailed treatment of particular species.

206 tables, 723 pages. $16.

THE CULTIVATION of
ANIMAL and PLANT CELLS
PHILIP R. WHITE. Theoretical and technical

treatment of laboratory culture methods. Presents
in detail major laboratory practices of both plant
and animal cell culture. Reflects latest changes and
developments in this increasingly important field.
Extensive bibliography. 55 illustrations. $6.

Fresh-Water Invertebrates
of the United States
ROBERT W. PENNAK. First inclusive study of

this subject since 1918. Drawing on more than
5,000 sources, it provides reliable, up-to-date in-
formation on the natural history, ecology, and
taxonomy of free-living, fresh-water invertebrates
of this country. Includes keys to all taxonomic
groups. Keys and text lavishly illustrated.

470 ills., 12 tables, 769 pages. $14.

Order through your bookstore or from=——

THE RONALD PRESS COMPANY
15 East 26th St.. New York 10




volume presents the relaxed memoirs of
an easygoing naturalist who spent more
than 40 years collecting for museums
shrikes, anteaters, chimpanzees, ele-
phants, bare-throated francolins, frogs,
hornbills, platypuses, hoatzins, hippos,
wood nymphs, lesser kudus, ringtailed
opossums, sloths, wallabies and other
wild creatures. Webb enjoyed every mo-
ment of every field trip, no matter how
discomforting or how dangerous. He is
now superintendent of the Dublin Zoo
and is probably as happy as a koala bear

in a eucalyptus tree.

HE PSYCHOANALYTIC STUDY OF THE

CuiLp, Vol. IX, edited by Ruth S.
Eissler and others. International Uni-
versities Press, Inc. ($7.50). The latest
volume of this annual includes articles
by Anna Freud on psychoanalysis and
education, Edith Buxbaum on technique
of child therapy and Emma N. Plank and
Robert Plank on “emotional components
in arithmetical learning.” It also con-
tains the record of a conference on prob-
lems of infantile neurosis.

}IARI)IOND’S AMBASSADOR WORLD AT-

Las. C. S. Hammond & Company
($12.50). This is a reasonably priced
general reference atlas containing 326
maps, of which 241 are in color, and a
full-color wall map, three by four feet,
which is inserted in a pocket. Special
features include maps of congested and
important areas; distribution maps of
continents, showing vegetation, tem-
perature, rainfall, population and the
like; resource maps; transportation route
charts; a useful gazetteer, and tables of
social and economic data.

HE GEOMETRY OF MENTAL MEAs- |

UREMENT, by Sir Godfrey H. Thom-
son. The University of London Press
Ltd. (Six shillings and sixpence). The
primary purpose of this book, based on
lectures to psychology students, is “to
describe a geometrical model from which
can be deduced most of the formulas
used in the factorial analysis of human
ability.” An interesting, intuitive ap-
proach to psychometric problems.

ussia’s SovieT Econoay, by Har-
ry Schwartz. Prentice-Hall, Inc.
($9.00). This is the second edition of a
study of the Soviet economy by the New
York Times specialist on Soviet affairs.
It adds material dealing with develop-
ments from mid-1950 to mid-1954, as
well as other data pertaining to earlier
periods, not available when the first edi-
tion was written. The author obviously
follows the field very carefully, but there

[ LONG-PLAYING 33"3 R.P. M. HIGH-FIDELITY ]

Complete to the last note!

No obligation to buy any
other records—now or later.

NOW YOU can get a real start on a com-
plete record collection. You get ALL
TEN masterpieces — complete to the last note
—and pay NOTHING but the cost of postage.

Of course, this sensational Free Offer bears
no relation to the value of the recordings. These
ten masterpieces would cost you many dollars
at retail prices, in recordings of equal quality.

Why We Make This Amazing Offer

We were FORCED to make this “‘give-away”
offer . . . for only by putting our recordings in your
hands can we convince you how extraordinary their
tonal quality is. Performed by internationally-re-
nowned orchestras, conductors, and soloists. Cus-
tom-pressed on the purest vinyl plastic. Reproduced
with a fidelity of tone which encompasses the en-
tire range of human hearing .. .50 to 15,000 cycles!

HOW CLUB OPERATES: As a trial member, you are
not obligated ever to buy any recordings from us.
You do, however, have the right to try — free of
charge—any of the Society’s monthly selections
which interest you. You receive prior notice of these.
You pay nothing in advance. And you are not obli-
gated to keep those you try . . . even after you have
played them and read the interesting music notes
which accompany each selection. You pay only for
those which—after having tried them—you decide
you really want to own. And for these, you pay only
the low member’s price of $1.65 per long-playing
disc, embodying on the average about 40 minutes
of music by the great masters. A saving of about %
off the usual retuil price!

Think how much beauty and se-

NO STRINGS ATTACHED!

MOZART
Symphony No. 26 in E Flat, K. 184

Netherlands Philbarmonic Orch.,
Otto Ackermann, Conducting

BEETHOVEN

Piano Sonata No. 24 in F Sharp,
pus 7
Grant Jobannesen, Pianist

BRAHMS :

The Academic Festival |
Utrecht Symphony,
Paul Hupperts, Conducting |

BERLIOZ

| The Roman Carnival
Netherlands Philbarmonic Orch.,
Walter Goebr, Conducting

VIVALDI

Concerto in C for
Two Trumpets and Orchestra
Netherlands Philbarmonic Orch.,
H. Sevenstern and F. Hausdoerfer,
Trumpeters, O. Ackermann, Cond.

WAGNER

Die Meistersinger, Prelude, Act 1
Zurich Tonballe Orch.,
Otto Ackermann, Conducting

BACH

Toccata and Fugue in D Minor
Alexander Schreiner at the Organ
of the Tabernacle, Salt Lake City

DUKAS

Sorcerer's Apprentice
Utrecht Symphony,
Paul Hupperts, Conducting

MOUSSORGSKY

Night on Bold Mountain
Netherlands Philbarmonic Orch.,
Walter Goebr, Conducting

CHOPIN

Fantaisie-Impromptu, Opus 66
Robert Goldsand, Pianist

.I'l;;:rrn:ﬁonally Acclaimed!
e te ording is of such perf, i

Ivree r.oox(r):'!’)rmg the artists mtoectmn
—Glorious Sou};l?iur
. Amsterdam. Hru:"r":;.
rdelssecs can pe nged
10 rvation to recorq 4
€ Action, Zurich, Switzg;;‘llrs;sd.

renity these recordings will add to
your life—at a trifling cost. Think
what a cultural advantage your chil-
dren will gain by having great music
as an everyday inspiration.

Mail Coupon Now

We obviously cannot keep “hand-
ing out” such magnificent long-play-
ing recordings indefinitely. Produc-
tion capacity limits the membership
rolls; once filled, the offer has to
be withdrawn. So avoid disappoint-
ment. Mail coupon with only 25¢ to
help cover postage — today! The
Musical Masterpiece Society, Inc.,

The Musical Masterpiece Society, Inc. Dept. 16-3
43 West 61st Street, New York 23, N. Y.
ALL 10 MASTERPIECES — FREE!

I enclose 25¢ to help cover cost of postage. Please send me
ALL 10 of the masterpieces listed above and enroll me as a
trial member. Send me notice of future selections which I
may try for 5 days without cost or obligation. For those
future 1.p. discs I decide to keep after I have tried them, I
will pay only the special member’s price of $1.65 each, plus
few cents shipping. I may cancel my trial membership at
any time. (Offer limited to new members—only one sample
package per family.)

Name,

Address.

16-3

City . State.
In Canada addr 46 Bathurst St., Toronto 4. O

MASTERPIECES
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Engineers —
DESIGNERS-DRAFTSMEN

Electronic and Mechanical

“You just can't hardly

find them no more”

OPPORTUNITIES like those now available at
Melpar are difficult to find. Melpar, leader in elec-
tronic research and development, offers unlimited

opportunities for personal advancement . . .

excelled laboratory facilities at its new plant .

un-

diversified and challenging projects...long-range

military and industrial program . .

find opportunities like them no more.”

For personal interview send resume to
Technical Per I Repr.

Subsidiary of Westinghouse Air Brake Co.

ive,

3000 Arlington Blvd., Dept. SA-15
Falls Church, Virginia
or 11 Galen St., Watertown, Mass,

. and a new
way of life in pleasant suburban Fairfax County
in northern Virginia. Yes, “you just can’t hardly

New positions created
by our expansion require men
with experience in the following fields:

! * Network Theory

j * Microwave Technique
\ “ UHF, VHF or SHF Receivers
| * Analog Computers

: * Digital Computers

| * Magnetic Tape Handling Equipment
i * Radar and Countermeasures
: * Packaging Electronic Equipment
\ " Pulse Circuitry

| * Microwave Filters

: * Flight Simulators

' Servomechanisms

* * Electro-Mechanical Design

OF PRIMITIVE

W HARVARD UNIVERSITY PRESS
0/

The very beginnings

of law |

THE LAW

BY E. ADAMSON
HOEBEL

MAN
From the anarchic Eskimo to the
highly centralized monarchy of the
West African Ashanti — here are
deeply interesting studies of the law
as practiced by primitive societies. Mr.
Hoebel studies actual cases of theft,
adultery, and murder, showing how
different primitive peoples tried and
punished these crimes. As these so-
cieties are any society in simplified
terms, this book sheds much new
light on the general nature, functions,
and evolution of the law under which

we live—and on human nature. $5.50 l

Ask your bookseller |

Cambridge 38, Massachusetts

TRz |
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The scientific use
of hunches

and guesses

MATHEMATICS
AND PLAUSIBLE
REASONING

By GEORGE POLYA, author of How
to Solve It. Professor Polya, a world-

famous mathematician from Stanford |

University, uses mathematics to show
how hunches and guesses play an im-
portant part in even the most rigorously
deductive science. He explains how solu-
tions to problems can be guessed at, and
why good guessing is often more impor-
tant than deduction in finding correct
solutions. This guide to the practical art
of plausible reasoning has relevance in
every field of intellectual activity.

Volume I: Induction and Analogy in —
Mathematics. 336 pages, $5.50 [ -2 o
Volume 1II: Patterns of Plausible I
Inference. 240 pages, $4.50 ||
The set: $9.00
Order from your bookstore,

PRINCETON UNIVERSITY PRESS
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are great gaps in his book; for example,
it has disappointingly little on Russian
mineral resources and only a skimpy
treatment of atomic energy, much of it
based on U. S. popular magazines as

authorities.
A History oF MepICINE, by Ralph H.
Major. Charles C. Thomas ($14.50).
This abundantly illustrated survey in two
volumes by the professor of medicine
and of the history of medicine at the
University of Kansas is “written prima-
rily for the medical student and the med-
ical practitioner.” Dr. Major gives a
straightforward account of the main de-
velopments of medical thought and prac-
tice and biographical details about the
leading physicians of all ages. He ad-
vances no novel interpretations but
rather follows along the lines of the lead-
ing authorities. Despite its modest dis-
claimer, this is a book a specialist can
read with profit and a general reader will
find immensely instructive.

STUTTERING, by Dominick A. Barbara.

The Julian Press, Inc. ($5.00). Dr.
Barbara, aided by his past experience as
a stutterer and his psychiatric experience
in working with stutterers, has drawn to-
gether and critically examined the in-
formation on the subject. He believes
that stuttering derives from a deep un-
conscious conflict and represents an at-
tempt to unify the warring aspects of an
individual. He holds that treatment of
the difficulty must include not only
speech therapy and suggestion but also
investigation of the whole personality.
This is a valuable book for psychiatric
workers, teachers, speech therapists and
the 1 per cent of the U. S. population
who have the misfortune to be stutterers.

Notes

THE MacMILLAN WORLD GAZETTEER
AND GEOGRAPHICAL DICTIONARY, edited
by T. C. Collocott and J. O. Thorne. The
Macmillan Company ($6.95). A sound,
handy, desk-size reference book.

NucLEar GeEoLoGy, edited by Henry
Faul. John Wiley & Sons, Inc. ($7.00).
Some 26 scientists contribute to a sym-
posium on topics ranging from detection
of radioactivity to the origin of the
earth. For graduate students and pro-
fessional geologists.

TeLEvVISION, by V. K. Zworykin and
G. A. Morton. John Wiley and Sons, Inc.
($17.50). In this massive, authoritative
handbook the authors explain everything
about television except the programs.



Dr. David Turnbull, B.S. Monmouth College
(1936), Ph. D. Phys. Chem., University of
Illinois (1939), joined the General Electric
Research Laboratory in 1946 after teaching
chemistry for a number of years at Case
Institute of Technology. He heads the
Chemical Metallurgy Section. The fields to
which he has contributed .include thermo-
dynamies, kinetics of phase transformations,
and kinetics of solid-state processes.

How atoms behave

Dr. David Turnbull of the General Electric Research Laboratory
demonstrates importance of crystal defects In structure changes

New understanding of the mechanisms responsible
for the formation of alloy structures has been
achieved by Dr. David Turnbull and his colleagues in
General Electric’s Chemical Metallurgy Section.

They discovered that crystal imperfections and
foreign particles play a decisive role in controlling
structure development. For example, precipitation
in age-hardening alloys often takes place millions of
times faster than can be explained by known rates
of diffusion in single crystals. Dr. Turnbull showed
that this rapid precipitation is due to the “short

in alloys

circuiting” of diffusion by certain crystal defects.
Because microstructure determines some of the
most important qualities of alloys, including strength
and certain magnetic properties, this new knowledge
will be valuable in the development of stronger, more
versatile materials for tomorrow’s technology.

Progress Is Our Most [mportant Prodluct

GENERAL @B ELECTRIC
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Conducted by Albert G. Ingalls

having a great deal of fun with a

new solution for the old problem of
entertaining tongue-tied guests. They
call their invention “pircuits,” short for
puzzle circuits—electrical switching sys-
tems which play a game or help solve a
puzzle. “Just hand your silent friends a
pircuit,” say the enthusiasts, “and they
will retire in delight to a corner for the
rest of the evening.”

A growing band of amateurs is becom-
ing interested in making these puzzle cir-
cuits. The devices are greatly simplified
digital computers, made with a few re-
lays, signal lamps and other simple ele-
ments. The necessary batteries, wiring
and so on are enclosed in a small box,
and on it is an array of switches, push

E ; ome of our acquaintances have been

ncw gamc
switch

il
P

About little computers that solve puzzles

and an experiment on the “ovroscopic eve”
I 2]

buttons and lights with which you play
a game or solve a given puzzle.

A pircuit differs from the more elabo-
rate computer chiefly in the way infor-
mation is fed into the machine and proc-
essed. Instead of getting its information
from a perforated tape and carrying out
the subsequent computations automa-
tically, the pircuit has the information
built in, and the player directs its opera-
tions bv manipulating keys or buttons.

Designing and building these enter-
taining gadgets combines the age-old
fascination of puzzle solving with that of
performing electrical experiments. Those
who have taken to the new hobby are
quick to point out, however, that its sat-
isfactions go beyond the mere produc-
tion of ingenious playthings. You gain
an insight into the nature of games and
puzzles which acts as a powerful stimu-
lus to the imagination. The theory of
equations, probability, topology, the in-
finitesimal calculus—all these, as Edward
Kasner and James R. Newman pointed
out in their book Mathematics and the
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A circuit for the “battle of numbers” game
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Imagination, have grown out of prob-
lems first expressed in puzzle form.

Pircuit making does not require an
extensive background in mathematics,
although a knowledge of the elementary
principles of symbolic logic comes in
handy. Essentially puzzle solving in-
volves discovering a logical relationship
among terms which has been buried be-
neath an ingenious pattern of rhetorical
statements. The solution can be made
easier by restating the puzzle in simple
language. When this is done, certain key
words generally stand out. These in-
clude: “and,” “or,” “yes,” “no,” “either
but not both,” “but not” and others
[see “Symbolic Logic,” by John E.
Pfeiffer; SciexTiFic AMERICAN, Decem-
ber, 1950]. Such words can be repre-
sented by patterns of electrical keys, re-
lays, diodes and related parts common
to switching systems. The first steps in
designing a pircuit, therefore, consist in
restating the puzzle in simple terms, ar-
ranging the elements in logical sequence
and substituting electrical counterparts
for the key words.

An avid pircuit-maker is Harry Rud-
loe, a 16-year-old high-school boy of
Brooklyn, N. Y. He writes:

“The first project I attempted was the
design of a circuit to represent the ‘bat-
tle of numbers’ game. As this game is
usually played, opponents take turns
picking up matches from a pile of 13.
A player may pick up one, two or three
matches at a time, and the one forced
to pick up the last match loses.

“In my machine a row of 13 signal
lamps is substituted for the matches [see
illustration at left]. Push-button keys
control the lamps. At the beginning of
a game all 13 lamps are lighted. The
machine’s opponent opens the game by
flipping a toggle switch which gives
either himself or the machine the first
move. The player makes his move by de-
pressing the key which turns off the
number of lights he chooses, that is, the
one he presses and all those to the left.
When he releases the key, the machine
registers its move.

“An analysis of the game discloses that
a win can be forced by the player who



moves second. Consider the first 12
lamps (left to right) as consisting of
three groups of four lamps each. If,
after the first player has put out one,
two or three lamps, the second player
puts out the remainder in each group,
he cannot fail to win, because only the
13th lamp will remain lighted after all
lamps in the three groups have been ex-
tinguished in this sequence. Thus, if the
machine is designed with built-in in-
structions to follow this strategy, it will
always win when the opponent elects the
first move. It will also win even when it
is required to make the first move if the
opponent fails to figure out the winning
strategy and carry it out without a mis-
take; if any lamps in a group remain
lighted after the opponent has made his
move, the machine will invariably seize
the advantage. The opponent can win
only by electing to make the second
move and playing a perfect game.

“Each group of four lamps is con-
trolled by a circuit identical with the
others. The diagram here denotes by the
letters A and B some of the possible
opening moves. Consider first a game in
which the machine wins. The toggle
switch has been thrown to position A,
indicating that the machine’s opponent
moves first. He can put out one, two or
three lamps by operating the first, sec-
ond or third key, respectively. Contact
spring A on the operated key transmits
an impulse to relay 1 (associated with
group 1). The relay locks down, because
its winding receives power through the
lower contact from its spring (connected
to the battery through the upper contact
and spring of relay 2 of group 1). This
cuts off power to some of the lamps in
the first group of four. The lamp asso-
ciated with the key and those to its left
will go out—but not those to the right of
the key. Observe that ‘but-not’ elements
(diodes) are inserted between each pair
of lamps in each group. Contact B of the
key now transmits power to the lamps
at the right of the key but not to those
at its left. This completes the opponent’s
play. He now releases the key—which
initiates the machine’s play. Contact B
opens, cutting off power from the alter-
nate ‘but-not’ circuit to all remaining
lamps of the group. This registers the
machine’s move.

“Now consider a game in which the
machine has the losing side. The toggle
switch is operated to position B. This
cuts off power to the first two lamps and
constitutes the machine’s first move. The
opponent gains the advantage by de-
pressing key 4 and thus extinguishing
the remaining lamps in this group. The
contact spring A on this kev transmits

an impulse to the winding of relay 2 in
group 1, and the relay locks down
through its bottom contact (by means of
power supplied through spring B).
Spring B of relay 2 acts as an ‘either-or’
element, supplying power either to the
first group of four lamps or to its lock-
down contact. This prevents power from
entering the first group of lamps for the
remainder of the game. Spring A on re-
lay 2 cuts out the first lamp in the sec-
ond group of four. Contact B on key 4
continues to supply this lamp with pow-
er, however, until the key is released.
The machine could be designed so that
this play would put out either the first,
second or third lamps of group 2. It
could not, however, capture the advan-
tage by any of these plays. Hence in the
interest of keeping the circuit as simple
as possible I confined the machine’s
choice of play to the first lamp. This tac-
tic also gives the opponent the maximum
choice of plays—and the maximum op-
portunity for making an error! The op-
ponent can now preserve his advantage
by operating key 8. This extinguishes
the remaining lamps in the second group.
The machine will reply by putting out
lamp 9. The opponent then operates key
12, putting out the remaining lamps in
the final group and forcing the machine
to lose by putting out lamp 13. None of
my friends has yet discovered the simple
winning strategy of this game, although
a few have won by accident.

“My second machine was designed
around a simple ancient puzzle of the
permutational variety. This puzzle gen-
erally takes the form of confronting a
person with the problem of ferrying him-
self and his possessions across a river
under frustrating circumstances. Its orig-
inal author is supposed to have been the
8th-century scholar Alcuin, a friend of
Charlemagne.

“Take the case of the farmer who
wants to ferry a wolf, a goat and a head
of cabbage across a river in a small boat
which can hold only himself and one of
his possessions. For obvious reasons, he
must never leave the wolf and the goat
alone, or the goat and the cabbage
alone. The problem involves three key
words: ‘either,” ‘and’ and ‘or.” We can
symbolize the conditions of the puzzle
by a circuit with four toggle switches
[see diagram at top of the next page].
Analysis of the puzzle shows that a
trouble situation occurs when the farm-
er is on the opposite side from the goat
and either the wolf or the cabbage is
on the same side as the goat. The func-
tion of the machine is to signal trou-
ble (by flashing a light) so that the

player can switch it off and start again;
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“And-but not” circuit

he wins if he gets all four items across
the river without a ‘trouble’ signal.

“This pircuit is a nice project for the
beginner, because it can be wired up in
a single evening from materials that cost
less than $5 if purchased new and as
little as 75 cents on the war-surplus
market. The circuitry for the puzzle was
fully described and discussed in this de-
partment in the issue of May, 1953.

“In the 16th century Niccold Tartag-
lia, the Italian mathematician and inven-
tor, suggested a somewhat more elabo-
rate version of the same puzzle. Three
lovely brides and their jealous husbands
must cross the proverbial river in the
small boat, holding only two people.
Each husband insists that the crossing
must be so arranged that his wife is
never in the company of another man
unless he, the husband, also is present.

“A circuit representing this situation
is developed by following the same ele-
mentary rules of symbolic logic as in the
simpler farmer problem. Your friends
will find the machine more interesting
if you install signal lamps to indicate the
location of each character as play pro-
gresses. A convenient circuit for accom-
plishing this employs a relay equipped
with front and back contacts (an ‘either-
or’ arrangement) and a pair of double-
pole, single-throw keys. This ‘transfer’
circuit is identical for all characters
in this as well as in other puzzles. The
diagram at the bottom of the next page
shows the circuit for one character. All
the contact springs are assumed to be
connected to the battery unless other-
wise indicated. Operation of the ‘cross’
key closes the bottom contact of the re-
lay and thus energizes the relay’s coil.
The armature accordingly locks down
through the bottom contact of the ‘re-
turn’ key. In effect the arrangement con-
stitutes a memory circuit and relieves
the player of the need to keep account
of his moves or reconstruct them by in-
specting the position of the toggle
switches (or relays, whichever are used
for constructing the trouble circuit).
Operation of the return key releases the

17
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The puzzle of the farmer, the goat, the cabbage and the wolf

memory relay. The ‘break’ contacts of
all keys are wired in series and supply
power to the trouble circuit. When the
player wishes to send a pair of charac-
ters across the river, he operates the key
representing one character and, before
releasing it, operates the other key.
Power is thus prevented from entering
the trouble circuit until the move is
completed.

“As in the farmer problem, the trou-
ble signal operates whenever any hus-
band is on the opposite side of the river
from his wife and she is in the presence
of either or both of the other husbands.
The trouble circuit is shown at the bot-
tom of the opposite page. Although the
diagram omits mechanical linkages, it is
understood that all the switches asso-
ciated with the same character, H;, for
example, operate in unison and in the
same direction. They may be linked
mechanically (toggle switches) or elec-
tromagnetically (relays). For simplicity
relay coils have been omitted from the
diagram of the trouble circuit.

“In a still more complex version of
this puzzle, the husbands and wives be-
come missionaries and cannibals—three
of each. Same river, same two-passen-
ger boat. All the missionaries can row.
Only one cannibal can row. If the can-
nibals on either side of the river out-
number the missionaries at any time—
into the stewpot go the missionaries!

“Outnumbering may occur in these
combinations: three to two, three to one
and two to one. The complete trouble

cross key

:break contacts on: to trouble

all other keys _—

circuit is shown at the top of page 120.
Its action is easier to follow if you di-
vide the circuit into three parts [see
page 121] and examine them one at a
time. The missionary configuration [top]
will register trouble if proper cannibal
circuits are closed when any two mis-
sionaries are opposite the third mission-
ary. Circuit 1 [middle] conducts when
any two or three cannibals are on one
side of the river. It also shows which
side they are on. Circuit 2 [bottom ]
similarly indicates when all three canni-
bals are on the same side of the river
and which side they are on. In com-
bination, the three configurations regis-
ter all the possible trouble situations:
(1) when all three cannibals are on the
same side with just two, any two, mis-
sionaries, (2) when any two or three
cannibals are on the same side with a
lone missionary.

“After constructing a variety of games
and puzzles with built-in ‘intelligence,’
I became interested in the problem of
designing a machine with the ability to
learn from experience and apply its ac-
quired knowledge in avoiding future
mistakes. Claude Shannon’s famous
‘mouse,” which investigates a maze and
learns how to avoid blind passages by
trial and error, fascinated me and I de-
cided to have one of my own.

“His mouse is a simple bar magnet
enclosed in a mouse-shaped covering and
equipped with copper whiskers which
‘ground’ the mouse upon contacting the
brass walls of the maze. It is moved by

circuit
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return key

Part of the circuit for the puzzle of the three brides and their jealous husbands
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other magnets concealed beneath the
maze. Its ‘brain” is located outside the
maze. I wanted a self-contained mouse—
even if that meant building him the size
of a jack rabbit.

“I could not find any published cir-
cuit information on Shannon’s mouse,
but after consulting a few books on
switching systems I finally succeeded in
designing and constructing a mouse
which can learn any maze with the fol-
lowing properties: (1) the correct pas-
sage leads to a fork; (2) every fork leads
into two passages, one of which is a dead
end; (3) there are no more than three
forks and dead-end passages. This last
limitation was imposed by the size of
my pocketbook, for the cost goes up
with the complexity of the maze and the
necessary increase in the mouse’s mem-
ory capacity. Cost also prevented my
mouse from being completely self-con-
tained; its power supply and brain are
located outside the maze.

“The mouse is powered by two mo-
tors, each driving a front wheel. Its rear
is supported by two contact shoes which
slide over a pair of electrically inde-
pendent metal strips fastened to the
floor of the maze. One strip serves as a
ground return. The other strip supplies
juice to one of the motors; the second
motor gets its power by way of a trolley
fastened to the ceiling of the maze. In-
formation is transmitted from the brain
to these motor ‘muscles’ through the
conducting strips. Steering is accom-
plished by cutting off power to one or
the other of the driving wheels, as in the
case of tread-equipped tractors and bull-
dozers. Friction against the sides or walls
of the maze is reduced by mounting
rubber wheels on each side of the mouse.
They also help the mouse negotiate
dead-end passages. These dead ends
terminate in circular or ‘cheesebox’ walls
which force the mouse through a 270-
degree turn. By pivoting an additional
90 degrees the mouse can leave the
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The puzzle of the missionaries and the cannibals

dead-end passage and continue to the
next fork without reversing its motors.

“If it is to profit from experience, the
mouse must be fitted with some means
of sensing its environment, of storing this
information and of drawing upon it for
subsequent use. As a minimum, the crea-
ture must be able to count the forks as
it proceeds through the maze and re-
member where it went wrong in the
sequence; for instance, if a right turn at
fork 2 led to a dead end during the ex-
ploratory run, it must remember and go
left at the same fork the next time.

“This information is sensed by means
of three ‘organs,” all composed of micro-
switches. The first group of microswitch-
es is distributed along the ceiling of the
maze—one at the entrance of each fork.
This sequence of switches advises the
brain whenever the mouse comes to a
fork. The second set of switches, mount-
ed on the walls, signals the mouse when-
ever it arrives at a dead end. The third
group of switches, also wall-mounted at
the entrance to each straightaway pas-
sage, informs the brain that power
should be restored to both motors. All
switches of each group are wired in
parallel.

“The mouse’s brain consists of three
basic elements: ‘neurons’ for remember-
ing (in the form of two relays for each
fork), an associative device (a stepping
switch) and an element enabling the
mouse to choose a fork at random when
it does not know which is correct. The
heart of the latter element is a motor-
driven rotary switch which is alternately
conducting and nonconducting.

“When the mouse first enters the
maze, both of its driving motors receive
power through a master relay. The
mouse accordingly proceeds to the first
fork. Here an impulse from the fork
sensor signals the brain. As a result: (1)
the master relay cuts off power to the
motors; (2) a secondary relay then sup-
plies power to one or the other of the
motors, depending upon the position of
the rotary switch at the moment; (3)
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the stepping switch advances to the first
set of contacts through which the mem-
ory relays are actuated. The mouse, pow-
ered by one motor, turns to the right
or the left as the chance position of
the rotary motor has selected. Now the
straightaway sensors advise that a
straight passage lies ahead, actuate the
master relay and restore power to both
motors. The mouse proceeds through the
passage.

“If the mouse reaches a fork at the
end of the passage, the cycle of opera-
tions repeats. The mouse has learned
nothing. If the passage leads to a dead
end, however, the memory relays come
into action. The dead-end sensor trans-
mits a pulse through the appropriate
spring of the stepping switch and thus
locks down either a ‘right-turn’ or ‘left-
turn” memory relay. With this informa-
tion stored, the mouse negotiates the cir-
cular wall of the dead end and proceeds
to the next fork. The mouse thus learns
only from hard experience. Chance may
lead it through the maze successfully on
the very first run. In that case the mouse
emerges from the experience as ignorant
as though the run had not been made.
On the other hand, chance may cause it
to explore every dead end in the course
of a single run. If it does, the mouse has
learned all there is to know: it will never
make a mistake again!

“The mouse’s memory works this way:
When it reaches the first fork on a second
run, the fork sensor transmits an impulse
which advances the stepping switch to
the first set of contacts and trips the
master relay, cutting power to both mo-
tors. If neither relay is locked down, the
mouse chooses at random. But if one
relay is locked, its break contact inacti-
vates the random-choice circuit, and a
set of ‘make’ contacts on the same relay
feeds power to the motor that turns the
mouse in the correct direction.”

Rudloe’s mouse can scarcely be called
a “thinking” creature. Yet it demon-
strates that with a few hand tools and
junk parts an amateur can design and



build a machine endowed with the abil- |
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ity to exercise free choice, learn from
experience and apply its knowledge. The
schematic diagram of Rudloe’s mouse
could not be fitted into the space of these
columns, but a copy of it and a detailed
analysis of its circuitry will be mailed
to anyone who requests it and sends a
stamped, self-addressed envelope.

Iast November Henri Morgenroth, a
— consulting engineer of Santa Bar-
bara, Calif., suggested an interesting re-
search project to readers of this depart-
ment which he thought might be within
the capabilities of amateurs. The project
was inspired by the article in this de-
partment of March, 1954, on the gyro-
scopic (self-leveling) eye of the copper-
head snake. Morgenroth, who had
confirmed this phenomenon not only in
snakes but also in fish and turtles, won-
dered why these animals need “gyro-
scopic eyeballs” when other creatures do
not, “or if others have them, which spe-
cies do—and why?” What sort of evolu-
tionary adaptation, Morgenroth won-
dered, had freed the higher-order verte-
brates from the necessity of eyes with
freedom of movement in three dimen-
sions? He suggested that amateur zool-
ogists make a start on the puzzle by ob-
serving eye movements.
Much to Morgenroth’s astonishment,

from cannibal
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Acerodynamics

Senior Aerodynamicist

An aerodynamics engineer (5 years or more experience)
experienced in static and dynamic stability of airframes
and autopilots. Able to investigate stability and control
problems in detail with only general guidance. Original
ideas and initiative required.

Senior Aerodynamicist

Four to five years’ experience in performance to do drag
analysis. Must be familiar with the drag problems of su-
personic arcraft.

Aerodynamicist

An aerodynamics engineer (3-4 years experience) experi-
enced in analysis of aerodynamic data and stability prob-
lems. To investigate stability and control problems under
supervision. Extremely interesting work in advanced
problems.

Dynamics

Principal Dynamics Engineer

Supervisory position with outstanding opportunity and
challenging responsibility in the complex field of control
for supersonic aircraft. A combination of analytical ability
and knowledge of experimental techniques is required
along with ingenuity to cope with practical problems. The
work involves application of servo-mechanism theory, use
of analogue computers, and coordination of laboratory in-
vestigations in dealing with dynamics problems in aircraft
hydraulic and control systems. Experience with such prob-
lems is very desirable but not essential.

FHight Test

Senior Flight Test Engineer

Experienced in power plant and performance work. Aero-
nautical plus thermodynamics education preferred. Turbo-
jet experience necessary. Unusual opportunity to fill a
specific responsible vacancy.

Please address complete resume,
outlining details of your
technical background, to:

Mr. R. L. Bortner

Administrative Engineer
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FARMINGDALE, LONG ISLAND, NEW YORK
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eye with the head rotated 90 degrees in the other direction
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letters immediately poured in from criti-
cal readers—some from prominent physi-
ologists. All denied that the eyes of
vertebrates could rotate only in two
dimensions! “I hate to spoil the fun,”
wrote one, “but you have no problem to
investigate. All vertebrates have 3F
eyes.” Wrote another: “This rotation can
easily be observed by looking into a
mirror. If one picks a portion of the iris
pattern as a point of reference and tilts
his head from side to side he will see
his eye rotate about its visual axis a
distance of 70 to 80 degrees.” A third
remarked: “It would be cruel and de-
structive to perform a step-by-step dis-
section on the ‘gyro-eye’ article. Actually
Mr. Morgenroth writes in a very inter-
esting and scholarly manner. We can
only wish that the discussion did not
depend entirely on the conclusion that
the eyes of higher animals do not rotate
when they tilt their heads.”

In support of their criticisms most of
the correspondents referred Morgenroth
to the book Physiological Optics, by A.
von Tschermak-Seysenegg.

During the course of his investigation
Morgenroth had looked not only into
books but also into a mirror. He had
found that his own eyes showed so little
cyclorotation when he turned his head
sideways that they could be considered
2F (rotating only in two dimensions).

To find out whether Morgenroth’s
eyes were unique, we consulted a num-
ber of physiologists who study eye move-
ments outside books and the dissection
theater. None had made an exhaustive
investigation of cyclorotation. So we in-
vited some 50 friends to cooperate in an
experiment. The subjects were strapped
one at a time to a steel framework which
could tilt them to a horizontal position
on either side. Rigidly fixed to the frame
was a 35-millimeter motion-picture cam-
era. The camera could be focused, close
up, on either of the subject’s eyes. Start-
ing from the upright position, pictures
were made as the subject was rotated
slowly sideways, first 90 degrees to the
right, then 90 degrees to the left. Anv
rotation of the subject’s eye could be
measured by a change of position of
natural markings on the pupil.

Measurements of the resulting photo-
graphs showed that the eye rarely ro-
tated more than two degrees to the side
and never more than six degrees—not-

-withstanding the authorities who speak

of 70- to 80-degree movement! The
amount of eye rotation did not increase
even when subjects were kept in a hori-
zontal position for as long as 10 minutes.
A typical set of these photographs is re-
produced at the left.
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to make soup:
add one
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EDIBLEQPABKET

to hot water
... packet and all

Just imagine soup concentrate in a packet
that’s soluble, odorless, tasteless, nontoxic.

Think of other package uses: Powdered
soap or detergents, sugar, puddings and
desserts, pharmaceuticals.

—or any product added to water in fixed
amounts.

They’re all possible with new edible films
that are derived from Glycerine or using
Glycerine as a plasticizer.

The unique balance of properties that
won such wide acceptance for Glycerine in
the past continues to open new doors to
chemical progress. In paints, foods, pharma-
ceuticals, packaging...for tomorrow’s surge
of new specialties . . . in formulations and
reactions yet unknown. Nothing takes the
place of Glycerine. For your free copy of a
16-page booklet on Glycerine properties and
applications, write to—~GLYCERINE PRO-
DUCERS’ ASSOCIATION ¢ 295 Madison
Ave., New York 17, N. Y.

This balanced group of properaies
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A better steel for hetter hridges

® We are in an era of bridge build-
ing. You don’t have to drive very far
through the countryside to be made
well aware of this fact. On almost
any trip you take, one or more de-
tours marked ‘“Bridge under Con-
struction’ have become an accepted
part of today’s motoring.

That’s because an estimated
170,000 highway bridges, considered
inadequate for modern traffic, are
gradually being replaced, or strength-
ened or widened to meet present-day
needs. In 1954 this country spent
almost $500 million for highway
bridges. And that’s only the begin-
ning; to date the backlog of proposed
bridge construction amounts to more
than $2 billion.

Steel is playing an important role
in this tremendous program. For
whether it is a small bridge on an
obscure rural route or one of the
large bridges forming part of a super
highway system, steel almost with-
out exception is a basic part of the
structure.

To reduce the dead weight of
bridges, designers and engineers
needed a high strength steel. For
many years, for long spans in riveted
bridges, where weight saving was an

important consideration, they have
used structural silicon steel (ASTM
A-94) which has a minimum yield
point of 45,000 pounds per square
inch.

About two years ago, United
States Steel metallurgists set to work
to develop a new steel for this pur-
pose, that would be even better than
structural silicon steel.

Now, in USS MaN-TEN (A-242)
Steel, bridge engineers have avail-
able a steel that, in thicknesses up
to and including 114 inches, has a
higher yield point than structural
silicon steel—that has twice the re-
sistance to atmospheric corrosion—
that punches, drills and gas cuts as
well, and, because of its greater duc-
tility, forms more easily. All this at
lower cost.

USS MAN-TEN (A-242) Steel is
available in plates, wide flange
beams, standard structural shapes,
in bars and bar shapes. It is intended
primarily for use in members of
riveted and bolted structures requir-
ing high strength, good fatigue re-

sistance and atmospheric corrosion
resistance equal to that of copper
steel.

A number of bridges, both large
and small, have already been built,
or are under construction, with this
superior steel. Among them are the
West Virginia State Highway bridge
at Wheeling, W. Va., in which 2,500
tons of USS MAN-TEN (A-242) were
used; the Maumee River bridge near
Toledo, Ohio, (1,913 tons); the Red
River bridge at Shreveport, La.,
(2,000 tons); the Delaware River
Turnpike bridge connecting the
Pennsylvania and New Jersey Turn-
pikes, (11,070 tons) and others.

We tell this story because it so
well illustrates how United States
Steel is constantly working to give
America ever finer and more efficient
steels—steels of infinite variety that
can be confidently counted on to
meet every demand that Industry
can make on this most versatile of
metals. United States Steel Corpo-
ration, 525 William Penn Place,
Pittsburgh 30, Pennsylvania.
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NEW DEPARTURES OF TOMORROW
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Even Paul Bunyan couldn’t match the pace of this *‘automatic lumberjack™
of the future. It fells, sections and loads trees—all at the push of a button!

The company that launches this wonder will probably look to New
Departure for ball bearings. For New Departures have proved their
ability to hold moving parts in perfect alignment, cut wear and friction,
and work long hours without letup—or upkeep. Above all, New Departure
has lived up to its name—being first with ball bearing advancements.

So, when improving or designing a product, count on New Departure for
the finest ball bearings.

NEW DEPARTURE e DIVISION OF GENERAL MOTORS e BRISTOL, CONNECTICUT

Cool-running chain saw, like every type of power N E w

saw in use today, uses New Departure ball bearings
for longer life at peak efficiency

PARTURE

BALL BEARINGS

NOTHING ROLLS LIKE A BALL
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