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What's a chemical company doing for the next generation of jets?

Scientists at an Enjay research affiliate have been
working for some time to perfect a better base ma-
terial for supersonic engine lubricants. The engines
for Mach 2 aircraft do not now exist (except as pro-
totypes). Butitis known they will run far hotter than
the jet turbines of today, placing an even greater
strain on engine lubricants. To meet these unprec-
edented needs, we have turned to a commercially

unexplored class of compounds, the Neo Acids.
Anticipating tomorrow is Enjay business today—
whether it's new lubricants for jets, a more shock-
absorbent rubber for auto body mounts, or advanced
chemicals and plastics for a dozen different indus-
tries. For help with your problems, contact Enjay—
the chemical arm of Humble, America’s Leading
Energy Company—at 60 W. 49th St., N. Y. 20, N. Y.

ENJAY CHEMICAL COMPANY, a division of Humble Oil & Refining Company
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This is Venus

85 of these
Sigma Relays went
there on Mariner Il

Sigma Relays were specified for Mariner |l because the
designers knew they'd have no second chance. What
had to be done, had to be done right the first time.
Opening the solar panels, for example. Switching on the
scanning devices as Venus was approached. Initiating
timing sequences. Sampling data for telemetry. The
designers of Mariner Il needed assured reliability in
spite of adverse operating conditions—both predictable
and unpredictable. And they came to Sigma to get it.OJ
Working together, Sigma Application Engineers and

Mariner’s designers specified the Sigma Series 32's and
33’s which performed so reliably on the Venus probe.

Come to Sigma when you have switching or controlling
problems. The same Sigma reliability and Application
Engineering is available to you, whether you're build-
ing space vehicles or commercial equipment. Sigma
Application Engineers will work with you in selecting
the right standard from over 100,000 available. Or, if
a standard won't do, we'll create a special for you.

SICMA DVISION €& SIGMA INSTRUMENTS INC

Braintree 85 Mass
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CUTTING TOOL

On the desk of an engineer,
architect or manager, the
Underwood-Olivetti Divisumma
24 cuts minutes from figure
work and dollars from figure-
work costs. This high-speed
calculator adds, subtracts, mul-
tiplies, divides and prints a per-
manent tape record for fast
checking of entries and attach-
ingtowork sheets for reference.

An extraordinary “memory” de-
vice eliminates the need to re-
enter intermediate results
when performing a sequential
series of calculations. This
saves time, eliminates a source
of error, and makes possible
such operations as accumula-
tion of products, automatic
negative multiplication, and re-
tention of a constant factor.
Where work requires, the
Divisumma 24 can be used as
a high-speed (220 c.p.m.) add-
ing machine.

The Divisumma 24 has a total
capacity of 9,999,999,999,999.
The simplified 10-key keyboard
makes operation easy; most
people needless than five min-
utes instruction. If you'd like to
try one on your own desk, on
your own work, for a week or
two, without incurring any obli-
gation whatsoever, telephone
your Underwood Representa-
tive. Or write to Underwood
Corporation,One Park Avenue,
New York 16, N. Y.

~  underwood
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Best Possible
Returns!

TrHousaNDs of individuals and cor- |

porations are taking advantage of the
unmatched combination of high earn-
ings, safety, and convenience provided
by eleven insured California savings
and loan associations. Each of the
associations currently pays the highest
prevailing rate of return in its area.
Distribution of funds is made to the
associations paying the highest earn-
ings, as follows:

® One Association pays 4.85%.
e Nine Associations pay 4.8%.
e One Association pays 4.6%.

Insured to $110,000!

Accounts at each of the eleven associa-
tions are insured to $10,000 by the Fed-
eral Savings and Loan Insurance Corpo-
ration...permitting a total of $110,000
to be insured in one account name.

One-check convenience!

By simply sending one check to Edward
L. Johnson—who is president of Finan-
cial Federation, owner of the 11 associa-
tions— funds will be placed with one or
more of the associations. You may make
one check to “Edward L. Johnson for 11
S&L Assns.” oR make checks to individ-
ual associations in amounts you wish
and mail in one envelope to the address
below. Add or withdraw with conven-
ient flexibility. No brokerage or service
fee. Earnings are compounded quarterly.
We guarantee funds received by the
tenth of any month earn from the first.

COMBINED ASSETS OVER A HALF-BILLION DOLLARS

For details, write for our Savings/Investment Portfolio
Edward L. Johnson for 11 Insured Savings & Loan Assns.
Dept. 980« 615 S. Flower at Wilshire, Los Angeles 17, Calif.
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THE COVER

The design on the cover is a moiré pattern that appeared bv chance during
the shufﬂm(r of ruled figures being used to illustrate the article “NMoiré Pat-
terns” (page 54). The two components of the moiré are printed in different
colors and can be clearly seen by holding the cover horizontal, at nearly eye
level, and v1e\vm& the (165151] ()bllquelv The two colors pl()duce a secon-
darv color moiré that ranges from red and blue through purple to black,
where the two colors overprint. The ruled figures that create the moiré
are derived from a Gaussian curve (see illustrations on pages 56 and 57).
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THIS IS THE CARD WE HAD UP OUR SLEEVE

IT'S AN ORDINARY TABULATING CARD.

BUT...NEW XEROX EQUIPMENT LETS YOU CONVERT IT INTO A MICRO-
FILM APERTURE CARD ... RIGHT IN YOUR OWN PLANT!

IMPORTANT? YOU BET IT IS! IT MAKES UNITIZED MICROFILM
SYSTEMS MORE PRACTICAL THAN EVER.
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% The best of men and management (my), plus tools (t) and materials (ms),
multiplied by ready availability (a) and proven capability (¢) of the men who
use them, equal performance (p) in the dependable DYNALECTRON manner,

DYNALECTRON CORPORATION

AEROSPACE OPERA CHEY] | i ND-AIR DIVISION

MATTERN DIVISION ’ 1 ; © 1963 SCIENTIFIC AMERICAN, INC 1 : TERMATIONAL, INC,




FROM THIS. .. TO THIS

Now you can convert standard tabulating cards to
aperture cards—right in your own plant—as you need
them. No annoying wait for aperture card delivery
from an outside source. No need to maintain a large
inventory of special aperture cards. Cards won't
stick together. ® The new Xerox equipment which

makes all this possible is an Aperture Maker, Punch,
and Film Mounter. What's more, you don’t have to
buy the equipment; it's available on lease. ® This is
another significant advance by Xerox in the growing
field of engineering drawing reproduction from
microfilm. ® A unitized microfilm system using this
new equipment and xerographic printers can save
your company hundreds of engineering man hours
yearly. Interested? Write for new Booklet 357. XErox
CorroraTION, Dept. CF, Rochester 3, New York. Of-
fices in principal U.S. and Canadian cities. Overseas:
Rank Xerox Ltd., London; Fuji-Xerox Co., Ltd., Tokyo.

© 1963 SCIENTIFIC AMERICAN, INC
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ANACONDA COMMENTS
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—new fact_s about copper—m

NUMBER 9 OF A SERIES

an’s_ oldest metal
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ANACONDA RESEARCH AND TECHNICAL CENTER
PROBES GAS CONTENT OF COPPER METALS

One of the new programs under way at Anaconda’s Research and Technical
Center involves gas analysis at new, lower levels of gas content. This funda-
mental exploration will attempt to improve existing products and to aid in the
development of new products. The areas under study are so fine that once
they were not even considered meaningful. The program, utilizing up-to-date

analytical equipment, has one primary
purpose: to develop methods for deter-
mining exact amounts of gas—infinites-
imal as they may be—in copper metals.

Gases are unavoidably introduced
into most metals during usual melting
and casting operations, and often dur-
ing process annealing and hot working.
Because gases may have a harmful
effect on the properties of metals,
methods capable of analyzing gas con-
tent had to be developed. These
methods, for the most part, are vacuum
techniques in which metal samples are
heated in a vacuum and extracted gases
are collected and analyzed.

Lower Gas Content Meaningful Today

These standard vacuum techniques are
meaningful for most metals. The effect
of the gases present is sufficiently pro-
nounced and the impurity level 1s suf-
ficiently high to enable an analyst to
determine gases present in the quanti-
ties which affect physical properties.

Anaconda research chemist Virginia Hor-
rigan manipulates copper samples to re-
lease captive oxygen and hydrogen atoms
for measurement of low level gas content
of copper alloys.

Multiple specimens are enclosed in the
glass system prior to evacuation. When
the furnace is above the melting point of
copper, one specimen at a time is caused
to drop through the vertical tube into the
furnace. The specimen is pushed to the
opening by means of a ferrous rod (four
can be seen in front of her hand) manip-
ulated by a magnet through the glass.

Pressure increase from the evolution of
gas is a measure of the quantity. Oxides
are reduced by the graphite of which the
furnace crucible is made, and the gas
pressure is due to carbon monoxide from
this source and from other gases present
in the sample, such as hydrogen.

In copper metals, however, only very
minute amounts of residual gases are
present in acceptable castings. Copper
metals have gas contents of the order
of one-tenth of the amount found in
ferrous metals and one-hundredth the
usual level of oxygen and hydrogen
found in titanium and other nonferrous
metals. A copper currently character-
ized as oxygen-free, for example, con-
tains too much oxygen for some of the
newer requirements.

These low gas levels have made it ex-
tremely difficult for analysts to supply
metallurgists with significant data on
the gas content of copper metals.

Analytical Problems

Oxygen, one of the most frequently
analyzed gases, can be extracted from
copper metal samples without too much
difficulty. The problems of analysis
stem from the extremely low gas con-
tent, so small that the effects of gases
held on the surface of the samples be-
come important.

At high oxygen levels, surface effects
are present but they are masked by
the amount of oxygen held internally.
When oxygen contents of less than 10
parts per million (the level of current
specifications) are involved, gases held
on the surface of the sample may com-
pletely obscure the amounts inside the
metal—which alone are of prime con-
cern to users of copper.

A truly oxygen-free copper material
is required, for example, in hydrogen
brazing and ultrahigh vacuum applica-
tions. Anaconda’s current research on
oxygen determination in low-oxygen
copper is concentrated on evaluating
the magnitude of surface gas effects on
analytical values—so that meaningful
data can be provided about the effects
of various fabrication procedures on
the oxygen content of mill products.

Frequently, alloys present special
problems. Difficulties of hitherto un-
known origin encountered during mill
fabrication may well be related to small
gas contents inherent in the metal.
The ability to determine these small
amounts will help the mill metallurgist
pinpoint the cause of these difficulties
and establish corrective measures to
produce sounder products.

The determination of the gas content
of copper alloys is made more difficult
by the presence of lead and zinc, com-
mon alloying elements which volatilize
both rapidly and explosively—compli-
cating the gas evolution and making
data assessment unreliable. To solve
this problem, a considerable portion of

© 1963 SCIENTIFIC AMERICAN, INC

| present Anaconda work is being di-
rected towards procedures for control-
ling the volatilization of low boiling
metals while maintaining conditions
suitable for the complete evolution of
the gases in copper alloy samples.

Fundamental Anaconda research

| keeps copper-base metals modern and
| wellsuited to today’sadvanced needs. If

analysis of the gas content of copper
metals is of special interest to your own
product development, we will be glad to
keep you posted as new breakthroughs
are made. Write, on your company
letterhead, to: Anaconda Research and
Technical Center, Anaconda American
Brass Company, Waterbury 20, Conn.

BACK BY POPULAR DEMAND:

TWO0 MORE
HIGH-STRENGTH
COPPER METALS

Everdur® Silicon Bronze. And Cunisil,
a copper-nickel-silicon alloy. These cop-
per metals give you balanced combina-
tions of properties—including high
strength—for many new applications.
Here’s a quick rundown . . .

Everdur, available in all standard
mill forms, is tough, corrosion resistant,
and offers alloys for hot or cold working,
welding, free machining, forging, and
casting. Depending upon the alloy,
Everdur’s machinability ranges up to
60 (on a scale in which free-cutting brass
is 100), tensile strength to 135,000 psi,
yield strength to 60,000 psi.

Cunisil, in round rod, delivers
strength plus good electrical conduc-
tivity (30 to 42% IACS), high corrosion
resistance, and excellent cold forming
characteristics before heat treatment.
Its tensile strength: 90,000 psi. Yield
strength: 70,000 psi.

Whatever your next design may be—
if you need a material that combines
strength with conductivity or machin-
ability—Think Copper. And think of
Anaconda. As the world’s largest sup-
plier of copper metals in all mill forms,
we can provide the high-performance
alloy you need.

For more information about versa-
tile, high-strength, high performance
copper metals, write: Anaconda Amer-
ican Brass Company, Waterbury 20,
Conn. In Canada: Anaconda American
Brass Ltd., New Toronto, Ontario.

ANACONDA

AMERICAN BRASS COMPANY
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Mariner's silent partner on the Venus flyby

On the morning of December 14, Mariner |l radioed back across 36 million miles
of space its report on mysterious, cloud-shrouded Venus. The success of this great
venture was made possible on the August morning a Lockheed-built Air Force
Agena — after separating from its Atlas booster — put Mariner on the right course
at the precise speed that allowed it to escape the earth's orbit and fall inward
toward the sun and, with a planned mid-course correction, intercept Venus. So com:
plete was the data Mariner sent home to its makers — Cal Tech's Jet Propulsion
Laboratory — that the National Aeronautics and Space Administration has can-
celled plans for two additional Venus missions. Next stop: Mars. Lockheed

Lockheed Missiles & Space Company, Sunnyvale, California

A Group Division of Lockheed Aircraft Corporation

N
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SHERATON-KINGSTON HOTEL, Jamaica, W. I.

ey £
LAl ,

Architect: CHARLES GILLER AND ASSOCIATES, Miami, Florida

With permanent WOLMANIZED® protection . .. wood helongs in any climate

The hotel is the SHERATON-KINGSTON in
Jamaica. People on the island say it’s a
perfect example of how good architec-
ture can make a place look like “it
belongs.” But the construction is unusual
for this hot, moist climate because it's
primarily wood . . . and down here, if
wood isn’t soon eaten away by termites,
it rots. But this wood is different. It’s
pressure-treated WOLMANIZED lumber
. . . lumber treated with a Koppers pre-

servative that permanently protects it
from termites, rot and decay.

Over 500,000 board feet of WoLMAN-
1ZED lumber were used for the framing,
laminated beams, and roof decking. Be-
cause they are wood, the decking provides
excellent insulation, and the laminated
beams provide structural strength and
attractive appearance at low cost.

The permanenceof WOLMANIZED lum-
ber has made it a valuable structural ma-

© 1963 SCIENTIFIC AMERICAN, INC

terial right here at home, where termites
and decay are major problems. Now,
builders can have the economy and
beauty of wood construction where never
before possible. WOLMANIZED lumber
also solves problems in industrial build-
ings where excessive moisture damages
other materials.

Check the coupon for complete infor-
mation about permanent construction
with WoLMANIZED lumber.
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Steel buried 38 years ...
no rust, no corrosion

When city engineers in Brooklyn recently
dug up a 38-year-old steel water line to
add some new connections, they found
that the steel was in perfect condition.
No rust, no corrosion, no reduction in
flow capacity. That’s because, inside and
outside, the 72" steel pipe was coated 38
years ago with BITuMAsTIC® Enamel, a
Koppers coal tar coating.

Koppers coal tar coatings prevent cor-
rosion of steel because they form a tough
permanent barrier against moisture.
Moisture can’t get through the tight
molecular structure of the coal tar. No
moisture—no corrosion.

Koppers makes a complete line of
BiTuMAsTIC coatings for corrosion pro-
tection of steel and concrete in building
construction, pipelines, plant equipment
and transportation equipment. Check the
coupon for complete information.

When the CINCINNATI UNION TERMINAL
was built 30 years ago, two types of
piles were used for the foundation: steel
piles with concrete cores, and pressure-
creosoted timber piles. Both types sup-
port 30 tons per pile. Because permanent
creosoted wood piles resist soil acids and
alkalis and are not affected by moisture
seepage, they were used in the fill areas.
At that time these creosoted wood piles
cost $.67 per lineal foot in place, com-
pared to $1.62 per foot for the steel
shell concrete piles; a savings of $.95
per lineal foot, for a total savings of

reucreosuted foundation iles save $149,000

$149,000 on the 156,840 feet driven.

That was 30 years ago. Today we know
from longtime experience with many
types of structures, as well as recent tests,
that creosoted wood piles can safely sup-
port loads of 40 tons per pile.

And pressure-creosoted wood piles are
still saving money for building owners.
At a recently completed shopping center
in San Leandro, California, they saved
$1.82 per lineal foot in place, as com-
pared to concrete piles. Check the cou-
pon for more facts from Koppers about
money-saving creosoted wood piles.

Switch to DYLITE® foam plastic saves $38,000 in packaging costs

KOPPERS

Pittsburgh 19, Pennsylvania
Divisions: Chemicals & Dyestuffs A
Engineering & Construction

Metal Products e Plastics KOPPERS
Tar Products « Wood Preserving v
International ®

The WAKEFIELD LIGHTING DIVISION,
WAKEFIELD CORPORATION, Vermilion,
Ohio, ships its PRISMATIC® lighting fix-
tures in new single and double unit pack-
ages that consist of just two end pads of
DyLITE expanded polystyrene which
cushion the fixtures inside corrugated
cartons. The old style package contained
interior pieces of folded board. The rigid
DYLITE pieces cut material costs $14.19/-
hundred on the two-light package and
$77.66/hundred on the four-light pack-
age. Based on their sales forecasts, the
new packages will save WAKEFIELD
$38,831 during the current year.

There are other savings in addition to
the material. WAKEFIELD has reduced the
size of the package so that the same box
can be used for two 2-light units or one
4-light unit by changing only the foam
inserts. Thus, storage space and inventory
are reduced. Added savings, not calcu-
lated, are realized in mailing costs and
less breakage in transit.

Shock-resistant, lightweight DyYLITE
may be the answer to your packaging
problems. This Koppers plastic can be
molded in any size or shape to hold your
product firmly and protect it during ship-
ment or display. Check the coupon.

DYLITE pads molded by FOAM PLASTICS, INC., Cambridge Springs, Pa.

1 %

=31
WOLMANIZED® LUM-
BER—Permanent pro-
tection from rot, termites

BITUMASTIC® COAT-
INGS—Coal tar coat-
ings for corrosion protection manent support for loads

up to 40 tons per pile

PACKAGING CORPORATION OF AMERICA, Akron, Ohio

h

PRESSURE-CREO-
SOTED PILING — Per-

DYLITE® EXPAND-

ABLE POLYSTYRENE
—Lightweight, shock-resist-
ant plastic for packaging

and fungus of steel and concrete
Fred C. Foy 7-0 Name
Chairman of the Board

Koppers Company, Inc. Compa

Room 1434A, Koppers Bldg. ompany
Pittsburgh 19, Pa. Title

Please send me additional infor-
mation about the Koppers prod- Street

ucts or services that | have
checked.

City & Zone

State

© 1963 SCIENTIFIC AMERICAN, INC



AND INQUISITIVE MINDS
Are Equally Important

B Your new ideas and your
own pioneering ideas should
find Tube Methods a very
satisfying source of special
supply when cold drawn
tubing is of critical importance,

B By placing greatest
emphasis on our own
pioneering methods we are
constantly in the mood for
new challenges . . . and we
have both the metallurgical
know-how and the desire
to keep our leadership
position which is so vital
to your own product or
process successes.

B You think up the
applications in stainless steel
.. .or in special alloys. ..
and we stand ready to serve
you well with the unique
abilities of TMI hands and
minds. This is the
combination that makes

it possible to keep our
quality and performance
promises. Delivery? Try us!

Tuse METHODS INC.

Metallurgists« Engineers
Manufacturers « Since 1941
Bridgeport Montgomery Countyl Pa.

LETTERS

Sirs:

In Martin Gardner’s article about the
paradox of the unexpected egg [“Mathe-
matical Games,” SCIENTIFIC ANMERICAN,
March] he seems to have logically
proved the impossibility of the egg being
in any of the boxes, only to be amazed by
the appearance of the egg in box 5. At
first glance this truly is amazing, but on
thorough analysis it can be proved that
the egg will alwavs be in box 5.

The proot is as follows:

Let S be the set of all statements.

Let T be the set of all true statements.

Every element of S (every state-
ment) is either in the set T or in the
set C =S — T, which is the comple-
ment of T, and not in both.

Consider:

(1) Every statement within this
rectangle is an element of C.
(2) The egg will always be in box 5.

Statement (1) is either in T or in C
and not in both.

If (1) isin T, then it is true. Butif (1)
is true, it asserts correctly that every
statement in the rectangle, including
(1), is in C. Thus, the assumption that
(1) is in T implies that (1) is in C.

Contradiction

It (1) is in C, we must consider two
cases: the case that statement (2) is in
C and the case that (2) isin T.

If (2) isin C, then both (1) and (2),
that is, every statement in the rectangle,
is an element of C. This is exactly what
(1) asserts, and so (1) is true and is in
T. Thus the assumption that both (1)
and (2) are in Cimplies that (1) isin T.

Contradiction

It (2)isinT (and (1) isin C), then
the assertion of (1) that every statement
in the rectangle is in C is denied by the
tact that (2) is in T. Therefore (1) is
not true and is in C, which is entirely
consistent.

The only consistent case is that in
which statement (1) is in C and state-
ment (2) isin T. Statement (2) must be

true.

© 1963 SCIENTIFIC AMERICAN, INC

Therefore the egg will always be in
box 5.

So vou see that the discoverv of the
egg in box 5 is not so surprising after all.

GEORGE VARIAN
Davip S. BIirkEs

Stanford University
Stanford, Calif.

Sirs:

Martin Gardner’s paradox of the man
condemned to be hanged was read with
extreme interest. I could not resist not-
ing that had our prisoner been a faithful
statistician he would have preferred
hanging on Wednesday, the fourth day.
For if the judge had picked at random
one day out of seven, then the probabil-
ity that the prisoner would be required
to wait x days in order to receive exactly
one hanging is p(x) = 1/7. That is, any
number of waiting days between one
and seven is equally probable. This ob-
servation is a simple case of the more

general hypergeometric waiting-time
distribution
(x=1)!- (N—x)!
l;x—k)! (k=1)! (N—x—h+k)! (h—k)!
plx)=

. L\7! S
(N=R)! (h!)

where p(x) is the probability that x in-
dependent trials must be performed in
order to obtain k successes if there are h
tavorable events mixed randomly among
N. In our case we have N =7 and
(assuming one hanging is more than
adequate) h = k = 1. Thus the “expect-
ed,” or mean, value of x is 1/7(1 + 2
+...+ 7) = 4 days. However, 1 sup-
pose we must always allow for that par-
ticularly tenacious reader who will
rule out Wednesday on the grounds
that it is “expected.”

MiLtox R. SEILER

Worthington, Ohio

Sirs:

The brief article entitled “Polarized
Protons” [“Science and the Citizen,”
ScienTiFic AMERICAN, March] gives the
erroneous impression that I am the sole
inventor of the method of dynamic
nuclear polarization. In actuality the
achievement of polarized proton targets
is due to the efforts of many scientists
over the years, beginning a decade ago



How do computers cerebrate?

Plug in Minivac and see!

This amazing little machine
was conceived by Dr. Claude
E. Shannon (now Donner
Professor of Science at
M.LT) to satisfy the clamor
of scientists, educators, busi-
ness men, technologists and
all future users of computers
who wanted to understand
(or teach) how and why digi-
tal computers work. Mini-
vac demonstrates computer principles. Behind its
deceptively simple facade lies circuitry intricate
enough to go through all the motions of machines
almost as complicated as the human brain. Here is
all you have to do to make Minivac come alive:

1. Put it on the table (in your living room, if you
like).

2. Glance through any of the six informative Mini-
vac Manuals (amply illustrated and written in
easy-to-follow English) and decide which of 200-
pluselectronicexperiments you would like to try.

3. Program Minivac with the insertion of color-
coded wires into prescribed terminals. (Programs
are easily changed as desired).

4. Feed information through input pushbuttons or

switches.

Read answers on output lights or on the dial

of the motor-driven rotary indicator.

(&2

6. Calm your excited audience.

On a small scale, at $135, Minivac 601 thinks in
the same fascinating way as its multi-million dollar
brethren. It adds, subtracts, multiplies, divides (in
binary). It makes decisions (with or without suffi-
cient information). Explains the handling of pay-
roll problems, employee selection, language trans-
lation, inventory control, processing of bank checks.

Minivac 601, a Digital Computer Simulator weighing only 17
pounds. It comes with six manuals, containing 179 pages of
information about modern computers.

It delights in tackling
simulation assign-
ments, machine coding
and decoding (it de-
codes Morse Code with
ease). It transmits mes-
sages with differential
spacing. And if these
functions seem mun-
dane, let Minivac com-
pose poetry. Or, in
your more whimsical moods, have Minivac tell your
fortune, or accept its challenge to Tic-Tac-Toe (it
will outdo you every time).

Minivac was designed by scientists for the scien-
tifically minded. Yet no special knowledge of mathe-
matics or science is needed to understand or operate
it. Perhaps your only pre-requisite is additional in-
formation about this amazing little machine. Why
notsend for descriptive literature or for Minivac 601.

—— e — —— e — e ——

Scientific Educational Products Corporation, Dept. 135
30 East 42nd Street, New York 17, N. Y.

— Rush me your free 12-page brochure, “Minivac
601 — A new Adventure in the World of
Computers”!

_ Please send Minivac 601 and its accompanying
manuals. I understand there is a money-back
guarantec of satisfaction. $135 check or money
order enclosed.

NAME

ADDRESS

CITY__ __ZONE STATE
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<«— Vaclon Pump
with Internal Heater

why high
vacuum often
needs a baked
pump...

If your work requires vacuum down in the range of 10~ to 10" torr, you
know that the system is usually baked. When a Vaclon® Pump is used,
the entire system, including the pump, can be baked. Many of you have
gone through the procedure of putting a getter-ion pump in an oven and
baking a lot of things (magnets and electrical connectors) that don't need,
even shouldn't have baking. How do you get around this? Let's look at a
special series of Varian Vaclon Pumps: B For simplicity and economy,
we put the heater inside the pump, where the heat is most efficiently
directed to the pump walls. Magnets are held within their temperature
limits, and bulky, costly ovens are eliminated. The graph above tells the
story in terms of time and ultimate pressures that can be attained this
way. B What are your requirements? Vaclon Pumps in 40 to 10,000 liter
per second capacities are available with built-in heaters and controls, as
are special purpose Vaclon Pumps with increased capacities for han-
dling hydrogen or heavy noble gases. B If you’'d like to read more about
Vaclon Pumps with internal heaters, write for our technical paper en-
titled “Vaclon Pumps With Internal Heaters”. Our engineers and scien-
tists are always prepared to help you solve vacuum application problems.

Vaclon®is aregistered trademark of Varian Associates

® VARIAN

|4

ASSOCIATES PALO ALTO, CALIF.
VACUUM PRODUCTS DIVISION
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| with the original idea of A. W. Over-

hauser and the experiments of T. R.
Carver and C. P. Slichter on metals,
whichestablished that microwave pump-
ing could enhance the nuclear polar-
ization by twa orders of magnitude.
This concept was generalized to other
nuclear-electron systems, notably bv A.
Abragam, and variations were developed
by several groups. The particular idea
utilized in the polarized targets (using
forbidden microwave transitions to di-
rectly flip nuclei with electrons) ap-
parently occurred independently to sev-
eral people: myself; N. Bloembergen
and P. P. Sorokin; A. Abragam and
W. G. Proctor; E. Erb, |. L. Motchane
and J. Uebersfeld; and probably others.
Initial experiments on the target mate-
rial, rare-earth hydrated salts, were done
by M. Abraham, M. A. H. McCausland
and F. N. H. Robinson. Extensive work
on these crystals at Berkeley established
that high proton polarizations (70 per
cent) can be obtained.

Actual polarized targets have been de-
veloped by A. Abragam, M. Borghini et
al. at Saclay for very thin targets suitable
for low-energy scattering; and by O.
Chamberlain, C. Schultz, G. Shapiro et
al. at Berkeley for larger targets, de-
signed for very-high-energy scattering.

These developments have been inter-
national, as so often happens in science.

CARSON |EFFRIES

Department of Physics
University of California
Berkeley, Calif.
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The story of the indomitable
spark plug and a

World War 1 airplane engine
called Liberty.

Before 1916 (and as early as 1860),
spark plug insulators were made of
porcelain, glass, mica and even
forms of pottery.

These materials worked fine in
low-compression engines. But not
in the 12-cylinder, 420-horsepower
Liberty Motor.

It created an immediate demand
for insulator materials with better
resistance to heat shock breakage.

Luckily, an insulator of clay, flint
and feldspar satisfied the urgent
needs of the old Liberty engine. Yet
at best, it was a stopgap solution.

After World War |, other combi-
nations were tried.

There was little progress.

(Inatypical example, an insulator
of fused quartz glass resisted heat
but collapsed under mechanical
shock.)

In 1930, the situation became
critical.

Automobile engines were better.

So were fuels.

They boosted requirements for
spark plug insulators even higher.

Suddenly in 1932, word came that
a German electrical firm had de-
veloped and marketed an alumina
insulator.

Two years later limited numbers

were used in the U.S.A. with good
results.

But there was a hitch.

The German process didn't fit the
mass production methods of this
country’s automobile industry.

And there was something else.

The threat of another war.

In the anxious months that fol-
lowed, ceramic engineers buckled
down with Alcoa® Tabular Alumina
to work the bugs out of insulator
production methods.

Meanwhile, the aircraft industry
was struggling along with a mica-
insulated plug.

Ever since World War |, strong
feelings had persisted that mica
was the best material for the job.

But that theory was shattered at
Wright Field in 1940.

Advanced engine flight tests proved
that temperatures attained by an
insulator tip under take-off power
were too high for mica.

Right then and there, our defense
program could have been seriously
crippled.

Except for one thing.

Ceramic engineers never gave up
on the alumina spark plug insulator
and it was ready when we needed
it most.

The war years found alumina insu-
lators in light, medium and heavy
bombers, fighter planes, tanks and
in nonmilitary equipment such as
trucks, buses and passenger cars.

Of course, real progress came
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after the war.

Today, alumina insulators are in
sports cars that bolt from zero to
100 mph in less than 15 seconds.

They'reinjetaircraftthattravelon
the other side of the sound barrier.

They are in missile ignition sys-
tems that lift powerful rockets into
space and inall internal combustion
engines.

Since 1933, Alcoa Aluminas have
been usedinthe production of spark
plugs. This is one of the reasons
why a broken spark plug insulator
is almost a thing of the past.

Alcoa Aluminas are also used in
nose cones, electronic parts, refrac-
tories, cutting tools, bearings—even
gyroscopes.

Write for our booklet, Ceramics—
Unlimited Horizons. It might spark
anidea foryour nextceramic project.

Aluminum Company of America,
Chemicals Division, 949-E Alcoa
Building, Pittsburgh 19, Pa.

Entertainment at Its Best
ALCOA PREMIERE Presented by Fred Astaire
Thursday Evenings, ABC-TV

ALCOA



The man up front
IS your man

The most important responsibility of the man who cap-
tains your United Mainliner® is you.

And with this responsibility goes complete authority,
for your United Air Lines Captain is a highly qualified,
professional flight executive.

In planning your flight, he is assisted by scores of
technical experts, computers, and the scientific resources
of our own weather center, the largest in the industry.
He is at liberty to select the smoothest approved airway
around rough-weather areas.

If, in his opinion, your flight should not take off,
his decision 1is final.

And all during your flight, you can be absolutely
sure that your Captain is United Air Lines’ chief execu-
tive as far as your welfare is concerned.

Assisted by his crew—highly qualified professionals,
also—he will make every effort to get you there on
schedule, but only after your comfort and safety have
been given first consideration.

This genuine concern for you as an individual, com-
bined with skill and experience, makes him truly “your
man up front.”

And this is typical of what we expect from every-
one who works with United . .. the ability to do a job
well . . . plus the attitude of extra care—for people—that
guides everything we do. With the great human respon-
sibilities involved, there can be no better basis for running
—or choosing—an airline.

s
UNITED
L g

®
THE EXTRA CARE AIRLINE

© 1963 SCIENTIFIC AMERICAN, INC







Why do more people save
at Full Service Commercial Banks
than anywhere else?

(BECAUSE IT HELPS THEM BUILD THEIR FINANCIAL FUTURE. READ HOW.)

C ',J{iﬂﬂ

Most people choose one of these three
places for their savings:

A savings and loan association, which
may pay a little higher return on sav-
ings, but is engaged mostly in making
home loans.

A mutual savings bank (common in
the East), which also may offer a little
higher earnings but is—again—involved
primarily in making home loans.

A Full Service commercial bank,
which sometimes pays a little less on
savings than the other two. (We’ll talk
about their loans later.)

Despite this apparent disadvantage,
Full Service banks are America’s most
popular place to save money. You have
probably guessed why.

People with plans prefer a

Full Service commercial bank
Unlike other financial institutions, Full
Service commercial banks are not re-
stricted to making only a few types of
loans. On the contrary, they can offer
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loans and other services that no other
institution can duplicate: checking ac-
counts, savings accounts, trust services,
home loans, personal loans, auto loans,
farm and business loans — full banking
services and counsel, all under one roof.

How do you get established
with a Full Service bank?

Just do three things:

1. Do all your banking business with
a Full Service bank, both checking and
savings accounts. Keep these accounts
active and try to maintain fairly rea-
sonable balances.

2. Get acquainted with one or more of
the bank’s officers so that you know
where you stand financially right now.
A good way to do this is to fill out a
Personal Financial Statement for the
bank’s file. Your banker can help you
with this.

3. Use one of the bank’s low cost loans
whenever you need a little extra cash.
Paying the loan back as promised will
do wonders for your credit reputation.
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The rest comes naturally

Pretty soon, you’ll find “they know you
at the bank.” And you’ll find, too, that
they’re ready to help you grow finan-
cially in a dozen different ways—
through advice on how to manage your
income to credit references and a good
credit rating.

Most important of all, they’re ready
to help you by lending you money at
low bank rates for any useful purpose.
The slightly lower earnings you may get
on your savings are usually more than
offset by lower rates on loans. In short,
many people do their saving at a Full
Service commercial bank so they can
do their borrowing easier and less ex-
pensively from the same bank.

If you haven’t already decided on a
Full Service bank as your “financial part-
ner,” it isn’t too early to start right now.

Khook
R

Your Full Service
Commercial Bank

COPYRIGHT 1962/FOUNDATION FOR COMMERCIAL BANKS/PHILA. 1, PA,



Memory Screen:

The dark strands of this woven wire memory screen for
computers are Teflon*-coated, the light strands are bare
wire. This unusual configuration is typical of the intricate
woven wire products produced by Howe Precision Prod-
ucts Co., a division of Howe Sound Company.

Howe Precision specializes in developing unusual woven

wire products especially engineered to fit your
applications. We are capable of weaving up to
500 mesh in plain weaves, and down to 2 mi-
crons in particle-retention. Or a herringbone
twilled weave 150 x 150 mesh of .004"” alumi-
num wire, probably the finest wire cloth prod-
uced. Another example is a Dutch weave 40 x

*REGISTERED TRADEMARK FOR DU PONT FLUOROCARBON RESINS

220 aluminum mesh for sound suppression in jet engines.

Unique methods enable us to weave intricate patterns,
from a 1” x 1” prototype to commercial quantities, with
little or no scrap for setting up. We can also produce

experimental or commercial quantities of expanded metal

HOWE

SOUND

from ductile precious or exotic metals.

Howe Precision offers you other advantages:
we can call upon Howe Precision’s Fine Wire
Department for custom processed wire in
many metals and alloys. If you have an un-
usual application for wire, woven wire or ex-
panded metal, make a point to get in touch with
Howe Precision Products Co., Danbury, Conn.

HOWE SOUND COMPANY, 500 FIFTH AVENUE, NEW YORK 36, N.Y.
DIVISIONS: ROLLING MILLS e DENTAL/SURGICAL ® SUPERALLOY PRODUCTS e METALLURGICAL/REFRACTORIES e PRECISION PRODUCTS/TESTING
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In versatility, and in speed,

one computer output device stands alone,
challenged only by the imagination of its users

The S-C 4020 Recorder is the
only proven equipment, available
now, which converts and records
digital output in combinations
of curves, vectors and characters
at speeds consistent with today’s

large-scale computers.

Users of the S-C 4020 have imagina-
tion. They are proving it in more than
a score of data processing labs across
the country. Some of the current ap-
plications of the S-C 4020 even sur-
prise the designers of the equipment.
But our users are willing to share their
ideas, applications and programming
techniques.

USERS SOCIETY

To do this, they have formed a society
of users of the S-C 4020 named
UAIDE for “Users of Automatic Infor-
mation Display Equipment.” UAIDE
has already set up a software library
to exchange programming and appli-
cation data.

VARIETY OF OUTPUY

Tapes from a large-scale computer
(typically a 7090 or 7094) are fed
through the S-C 4020 which translates
the numerical language by using an
improved CHARACTRON® Shaped-
Beam Tube. Directly opposite the tube
face is a recording camera, either
35mm or 16mm. Another optically
aligned camera is optional which gives
you page-size paper copies. A slide
projector allows standard formats to
be superimposed on the frame or page
automatically at the command of the
computer program. The microfilm can
be viewed through a standard viewer,

20
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reproduced into multiple reports, pro-
jected for group viewing, or placed
into storage and retrieval systems.

SPEED

The S-C 4020 will accept data from
magnetic tape at input rates up to
90,000 six-bit characters per second.
The S-C 4020 will print this data at
speeds in excess of 17,000 alphanu-
meric or symbolic characters per sec-
ond. Frames combining characters,
vectors and curves vary with the com-
plexity of the drawing, but an average
annotated graph can be recorded in
fractions of a second.

ECONOMICS
The S-C 4020 can be leased by the

month or purchased. We also operate

The S-C 4020 is not “blue sky”.
There are more than 20 machires in
use, and orders exist for many more.

APPLICATIONS
The S-C 4020 can be employed to

record tabular and other alphanumeric
information such as stock catalogs,
program debugging, and other statisti-
cal data at speeds of 17,000 characters
per second. The equipment’s versa-
tility, however, is best illustrated by
applications involving combinations of
both drawing and character recording.

SCIENTIFIC CURVES

In many scientific computer labs the
4020 is being used to plot highly ac-
curate curves involving one or more
parameters. All axis and grid lines,

first be played on the S-C 4020 which
makes a drawing of the part. The
drawing can be checked for errors
prior to making a part, and can also
be used for final inspection. In addi-
tion to tool path drawings, the 4020
can be used for such computer draft-
ing applications as logic and flow dia-
grams, ship and missile design.

SCHEDULE NETWORKS

PERT and other critical path charts

can be produced and updated on the
S-C 4020 in seconds.

MAPPING

The 4020 is producing maps for such
uses as weather patterns, satellite track-
ing and population studies. The map
itself may be superimposed by the slide
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Business Graphs

a service bureau where you can lease
4020 time by-the-hour and try some
of your own problems on the machine
for evaluation. Prices on the 4020 have
lifted some eyebrows of prospective
users — but only at first glance. Used
properly, the 4020 is paying its way
many times over in labs throughout
the U.S. For example, one user is doing
a complex plotting job required daily
by his engineering analysis group
which was previously done in several
days by more than 100 draftsmen. The
S-C 4020 is producing the same an-
notated curves complete with grids,
axis lines and titles in minutes for
considerably less cost. The equipment’s
high density input tape adapter results
in minimum use of valuable computer
time for S-C 4020 tape preparation.
Part of our lease or sales price includes
trained customer engineers to install
and maintain your S-C 4020.

annotations and titles are included in
the program. For curves requiring
more than one frame length, a continu-
ous graph may be plotted by butting
the frames together under program
control. Typical curves include flight
tests, engine performance, missile tra-
jectory simulation, etc.

BUSINESS GRAPHS

The recorder is proving its usefulness
daily by plotting curves and other
business charts for cost analysis, pro-
duction control, manpower forecasts,
projected sales, and other administra-
tive tasks. The machine’s ability to
summarize the data in a visual form
speeds decision making, saving time
and money.

TOOL PATH DRAWINGS

Magnetic tapes programmed in APT
language to guide machine tools can

] [] RS G ) .00

Tool Path Drawings

projector. The CHARACTRON Tube
then displays the variable information,
or the entire map may be drawn by
the tube, allowing area expansion by
computer command.

SEQUENTIAL EVENTS

One of the exotic uses of the equipment
is the drawing of a series of slightly
changing graphs for calculation of
core reactor characteristics, simulation
of shock waves and explosions, or for
training aids. The series is then pro-
jected and viewed as a movie giving
a time scale sequence.

Challenge the imagination and in-
ventiveness of your programmers, en-
gineers and managers to utilize your
digital computer more fully in new
ways through the S-C 4020. Write to
Department D-29, General Dynamics|
Electronics-San Diego, P.O. Box 127,
San Diego 12, California.

b i ]
GENERAL DYNAMICS | & i rmmonices ( I II IJ 1 I ) SN DIEGO
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For a complimentary reprint of this Artzybasheff illustration, write: Avco, Dept. SAR, 750 Third Avenue, New York 17, N.Y.

Avco helps harness the ‘“horses’’ for a world on the move. » That takes the knowledge that
is developing electric propulsion for space flight . . . arc-jet power for satellites and space
probes...multi-fuel engines for ground vehicles. » The skill and facilities that are produc-
ing Lycoming reciprocating and gas turbine engines for fixed-wing aircraft, helicopters,
hydrofoil vehicles, and industry. » The capacity to envision advanced propulsion systems
of the future. This is Avco capability—helping to keep defense and industry in motion.

UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS ... REGARDLESS OF RACE, CREED,A vca

COLOR, OR NATIONAL ORIGIN ... WRITE AVCO TODAY. AVCO CORPORATION, 750 THIRD AVE., NEW YORK 17, N.Y.
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TAKE A
CLOSER
LOOK

Project Stratoscope II will do
just that. From an 80,000-
foot-high balloon platform,
above 96% of the earth’s
dusty and turbulent atmos-
phere, its precision telescope
will provide a photographic
resolution three times greater
than earth-based instruments.

Stratoscope, directed by
Princeton University and
sponsored by the National
Science Foundation, Office of
Naval Research and NASA,
may help answer many basic
questions about the universe—
What is the composition of
Mars’ atmosphere, the nature
of Venus’ cloud patterns?
What clues to stellar evolu-
tion and the formation of the
sun lie hidden in the core of
nebulae and star clusters?

The Stratoscope telescope, a
forerunner of satellite observ-
atories, was designed and built
by Perkin-Elmer. New con-
cepts were employed to de-
vise its complex command
and telemetry, precise guid-

© 1963 SCIENTIFIC AMERICAN, INC

ance and optical systems.

This telescope system is
another example of Perkin-
Elmer’s dedication to the de-
velopment of instruments and
techniques for precise meas-
urement for industry, science
and defense. The Perkin-
Elmer Corporation, Norwalk,
Connecticut.

March 1-2, 1963. Stratoscope
I1, on its first flight, success-
fully obtained infrared data
on the composition of Mars’
atmosphere.

PERKIN-ELLMER




THE
ICE AGE
IS OVER....

liquid
DRI-COOL the first /C0:
freeze-dry equipment

Stow the screw driver and hammer. The
answer to safe, inexpensive and accurate
freeze-drying of heat-sensitive laboratory
specimens is here. It's called DRI~C020L. .
offering laboratories, hospitals and research
centers the first liquid carbon dioxide freeze-
dryer ever developed. Processing of blood,
viruses, vaccines, protein extracts and other
labile substances is safe, fast, and without
the mess of dryice. No danger of fire or toxic
reaction from the acetone or alcohol used
with dry ice devices either. Just hook up a
bottle of instantly available liquid CO-2,
which can be stored indefinitely, flick a few
switches, open a valve, and you're off! We
think DRI-CQOL is the best freeze-dryer in
this cold, cold world. The price? That’s cool
too ... just a fraction of the cost of com-
parable mechanical refrigeration units! Ask
your supplier to demonstrate one. Better
yet, write us for literature, and we'll tell
him to call on you.

sociated

ASSOCIATED TESTING LABORATORIES, INC.
164 Route 46, Wayne, N. J. ¢ CLifford 6-2800
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20 AND 100
YEARS AGO

SICIENTIFIC /A MERIEAN

MAY, 1913: “It is the opinion of many
that the present development of the
gasoline omnibus, which is now such a
success, is to have (uite an influence
on the question of passenger traffic on
roads. Heretofore we have been familiar
with light electric or steam railroads for
use in the country districts, but it often
happens that there is comparatively little
traffic on such lines. In some cases the
estimated profits from such roads are not
enough to warrant a great layout of capi-
tal, so that here the power wagon omni-
bus will fill the needs in the best manner.
An example of this is seen in Italy, where
the 'bus lines are developing considera-
bly throughout the country.”

“A new type of internal combustion
engine, designed to run at the extraor-
dinary speed of 4,200 revolutions per
minute, has just been put on the market
by a British manufacturer. Although it
is chiefly intended for aeronautic use, a
similar model for automobile use is in
preparation. The engine has eight steel
cvlinders of 2%-inch bore and 2%4-inch
stroke, arranged in V shape on a tubular
steel crankcase. The cylinders are set on
the crankcase in staggered fashion. The
motor develops 50 horse-power at the
normal speed of 4,200 revolutions per
minute and weighs complete only 112
pounds; it works with a compression of
80 pounds per square inch.”

“The recent radio-telegraphic tests
conducted between the scout cruiser
Salem and the Arlington station have
demonstrated that waves produced by
the electric arc are less modified by ab-
sorption than waves produced by spark
apparatus. Up to a distance of about 900
miles there was very little to choose be-
tween the two types of waves. It was
possible for the Arlington station to reach
the Salem at a distance of 2,100 miles.
But as the distance was increased be-
yond 2,000 miles, it was found that the
waves produced by the electric arc
showed a relatively increasing efficiency
and possessed an energy much greater

| than those from the spark apparatus.”
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“On March 23, at San Diego, Cal,
Lieutenant Harold Geiger and Lawrence
Sperry, son of the inventor of the gyro-
scopic compass and the gyroscope for
stabilizing ships, both of which inven-
tions are at present being widely used
in our Navy, made a preliminary test
flight of 35 minutes’ duration in a
Curtiss flying boat equipped with Mr.
Elmer A. Sperry’s new gyroscopic con-
trol for aeroplanes. The flight was suc-
cessful in every way. Experiments are
still being continued, and the final test
is to be a deliberate attempt to upset the
machine while flying over the bay. The
control consists of a small gyroscope
weighing only 2% pounds, which oper-
ates the warping by means of a com-
pressed-air motor the valves of which the
gyroscope controls. We understand that
Count Zeppelin, in Germany, has also
just brought out a successful gyroscopic
control for aeroplanes and applied it to a
monoplane of his invention. In this case
two large gvroscopes are used to operate
the ailerons and the elevator.”

MAY, 1863: “Sir Charles Lyell, the
distinguished geologist, infers from re-
cent researches and discoveries of imple-
ments in various parts of Europe that
man may have lived on the earth thou-
sands of centuries before the era of his
advent according to common belief.
France, England, Denmark and Switzer-
land were once peopled by a race that
used flint hatchets and arrow heads, like
the old North American Indians. After
them came a race that used implements
of bronze; and again these were suc-
ceeded by a race that used implements of
iron. In one case Lyell shows the section
of an ancient hut that had been built on
the Scottish seacoast. It had been sub-
merged by the sea for so long a period
that 60 feet of marine strata had formed
over it, and after this, by some convul-
sion or gradual upheaval of the earth, it
was elevated to its former position out of
the sea. This hut affords evidence of hav-
ing been erected in a far remote pre-
historic period.”

“A large barometer has been lately
erected in the National Astronomical Ob-
servatory of Santiago de Chili. Hum-
boldt had observed that the barometer
rises and falls during the day in a pecu-
liar manner, being at its maximum hight
at 10 A.M. and 2 P.M., whilst the lowest
readings are between 4 P.M. and 4 AL



NEW DEEP-SEA AMPLIFIER TRANSMITS 128 TELEPHONE CONVERSATIONS

Our engineers have developed a new amplifier
which simultaneously transmits 128 telephone
conversations in both directions over a single
cable. It is designed to operate without repair
or maintenance on the ocean floor for 20 years.

The new amplifier (illustration below) is an
important advance in deep-sea communica-
tions technology.

To make a single amplifier operate in two
directions, it was necessary to provide a pre-
cise, complex filter system to separate the
signals. Signals traveling in one direction oc-
cupy a frequency band from 116 to 512 kc.,
and those traveling in the other direction,
from 652 to 1052 kc.

The gain of each amplifier must accurately
compensate for its share of cable loss. The
total loss varies over the frequency band and,
in a transatlantic system, reaches a maximum
of 9000 decibels. Since there is no way to ad-
just an amplifier on the ocean floor, the per-

formance of each one must be pre-established
with extreme precision.

A 3600-mile cable link, with its 180 ampli-
fiers, includes 36,000 electronic components.
Each component has to be endowed with a
reliability far in excess of the requirements of
conventional land systems.

The casing and its seal to the cable must
prevent minute water seepage at ocean bottom
pressures. This could accumulate fatally over
the years, and so production tests employing
radioactive isotopes are used to search for any
such microscopic leakage.

In bringing the new underseas system to
production we worked closely with Western
Electric, the manufacturing unit of the Bell
System. Our joint objective was to create a
system of high reliability that could be manu-
factured economically. The new amplifiers are
being used first in the new deep-sea telephone
link from Florida to Jamaica and Panama.

BELL TELEPHONE LABORATORIES

World center of communications research and development

View of deep-sea amplifier with casing cut away. The casing is of noncorrosive beryllium copper, tested to withstand pressures up to 11,000 psi.
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on the Friden SRQ-automatically!

The Friden SRQ is the only desk
calculator in the world that pro-
vides both automatic squaring of
numbers, plus automatic extraction
of square roots.

To square a number, simply enter
it on the keyboard and touch one
key. The answer instantly appears
in the upper dials.

You can also square a number, add
or subtract it from a running total,
all in the same operation.

To extract a square root, simply
enter the radicand on the keyboard
and touch one key. The square root
instantly appears in the lower dials.

Only the Friden Model SRQ offers
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these unique features on an easy-
to-use, fully-automatic, desk cal-
culator. Two other new Friden Cal-
culators, the Model SBQ and the
Model STQ, offer you automatic
squaring, along with a whole array
of other automatic features. Every
engineer and statistician should
have one.

For a no-obligatigh, 10-minute
demonstration, call your local
Friden man. Or write: Friden, Inc.,
San Leandro, California.

ITiden

Sales, Service and Instruction Throughout the U.S. and World

© 1963 SCIENTIFIC AMERICAN, INC

The regularity of this periodic move-
ment within the tropics is such dur-
ing the year that Humboldt could tell
the time within 15 minutes. But in the
month of February the movement entire-
ly ceases, showing then only the ordinary
maximum and minimum hights in 24
hours. Senor Moesta (of the observa-
tory) states that the oscillatory move-
ment of the barometer is produced by
the sun’s power, analogous to that of
gravitation, and that the said movement
ought to disappear in the month of
February, in consequence of the great
variation of temperature during the
course of the day. Thus the interesting
result has been arrived at that, by virtue
of the sun’s power, a movement is mani-
fested in the atmosphere analogous to
the action of the tides, and it is this that
causes the rise and fall of the barometric
column in Santiago.”

“At the late session of Congress an
act was passed for the formation of a
National Academy of Sciences, and
50 corporators, mostlv members of the
American Association for the Advance-
ment of Science, were included in the
bill. A preliminary meeting of the corpo-
rators was held in New York City last
week and 50 members were present;
Prof. Joseph Henry of the Smithsonian
Institution was chosen president.”

Up to the 13th of last April no less
than 7,402,339 gallons of petroleum had
been shipped from New York to foreign
ports. London and Liverpool are the two
great receiving ports of American petro-
leum—over 1,000,000 of gallons having
been sent to each of these places at the
date stated. In addition to the above,
3,353,608 gallons have been shipped
from Portland, Boston, Philadelphia and
Baltimore, making a total of 10,755,947
gallons. Our petroleum trade with for-
eign nations has already attained to
gigantic proportions.”

“Sir H. Davy, in his important and
interesting experiments, found that light
carbureted hydrogen, the most power-
fully explosive of the gases, required
about seven times its bulk of atmospheric
air to be mixed with it to produce the
greatest explosive effect. Practically, it
can be calculated that from eight to nine
times its bulk of air will produce the
most explosive mixture of coal-gas; but
the air and gas must be mixed previous
to inflammation. No matter how rapidly
the air may be supplied when the gas
is burning, it will merely increase the
fierceness of combustion; there will be
no explosion.”



HOOKER RESEARCH REPORTS

* On Chlorobenzotrifluorides
 Triallyl phosphate
* Dechlorane®

... of fins and fluorides

Shaped like an 18-inch section of
garden hose, and looking as harm-
less, a sea lamprey stalks a trout.

The doomed fish is unaware, un-
hurried and unworried—a perfect
victim for the lamprey’s suction
mouth that presently reaches out
and drains him of his blood.

In a single year in the Great Lakes
the evil pests have sucked the life
from 20,000,000 pounds of game fish.

While fishermen were beginning
to wonder where their next trout was
coming from, imaginative scientists
were closing in on a discovery to
stop the slaughter.

Their starting point was the meta-
chloro isomer of benzotrifluoride.
From it, they developed a lampricide
so potent a cupful in 100,000 gallons
(around 2 to 3 parts per million) of
water Kkills all lamprey larvae in
tributary streams. Miraculously, it
leaves all other life unharmed.

Now, we can’t offer you the lam-
pricide. We don’t make it. But we
can provide you with a bulletin full
of information on benzotrifluoride
and its ortho-, meta-, and para-
chloro isomers.

It gives physical and chemical
properties, suggested applications,
typical chemical reactions, toxicity,
and bibliography.

Just check the coupon.

CH,=CH-CH,-0. 0

CH, =CH-CH,-0°

P

"0-CH,-CH=CH,

A structure to whet your curiosity

The double bonds of triallyl phos-
phate frankly invite you to the
blackboard and the search for useful
derivatives. Work done with these
three open sesames hasn’t begun to
exhaust their possibilities.

Should you care to look for oppor-
tunity beyond the double bonds,
triallyl phosphate offers still other
means to interesting ends. It is in-
herently capable of being polymer-
ized or copolymerized with almost
any other monomer.

One way or another, it may lead
you to new products for textile, plas-
tics, paper, and petroleum applica-
tions.

Reassurance for the reluctant. Our
triallyl phosphate is made by a pat-
ented process that provides a prod-
uct of high purity and good storage
stability.

It’s available in semi-commercial
quantities. For more information,
please check the coupon.

Cl

Y

-,

Cl

The shape of fire retardance

A glance at the unique structure of
our new molecule, Dechlorane—and
you see the latest shape of fire re-
tardance.

AND COMPANY ADDRESS:

ISOMERS
[] TRIALLYL PHOSPHATE
[ ] DECHLORANE®

Catalog or Chemical Week Buyers’ Guide.

New York Niagara Falls Philadelphia
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FOR MORE INFORMATION, CHECK HERE AND MAIL WITH NAME, TITLE

[ BULLETIN 12-A. BENZOTRIFLUORIDE AND
ITS ORTHO-, META-, AND PARA-CHLORO

For complete product listing, see Chemical Materials
Sales Offices: Boston Buffalo Chicago Detroit Los Angeles

In Canada: Hooker Chemicals Limited, North Vancouver, B.C.

Boxlike, it’s the most stable con-
figuration possible. Chlorine makes
up 78.39% of its composition, with
only carbon to fill out the formula.

The content and contour of De-
chlorane make no empty promise.
Dechlorane won’t melt or decompose
until you get it up around 485° C.

Consequently, it is suggested as a
non-plasticizing fire-retardant addi-
tive in thermoplastic and thermoset-
ting resins where stable chlorine is
desirable because of electrical prop-
erties or corrosion.

Other possible applications are in
the area of fire-retardant elastomers.
Pyrotechnic formulations, such as in
tracer shells and flares, are being in-
vestigated.

Dechlorane is available in semi-
commercial quantities.

For information on physical prop-
erties, solubility and other data,
please check and mail the coupon.

HOOKER

PLASTICS

— R

Tacoma.

HOOKER CHEMICAL CORPORATION

2605 FORTY-SEVENTH STREET ¢« NIAGARA FALLS, N.Y.
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TUBE DIVISION, Palo Alto, California
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VARIAN ASSOCIATES OF CANADA, LTD., (':rurgrmn n, Ontario
BOMAC DIVISION, Beverly, Massachusetts SEMICON OF CALIFORNIA, INC., Watsonville, California
S*F:D LABORATORIES, INC., Union, Neu Jersey | SEMICON ASSOCIATES, INC., Lexington, Kentucky
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“When you've got a micro-

wave tube problem and want
technical information, you want 1t fast.
That’s why we've set up 12 field offices

around the country—so that we can put a top techmcal man,

or a whole team, 1n your ofhce within 24 hours. We want
to be sure vou get imformation that’s complete, accurate, and
current. And this service pays off. Just the other day, as a matter of
fact, another customer of ours told me he had freed one of his expediters for other
work because of the efliciency of our local marketing team. It’s the same kind of
service we'll be giving you.” Tom Curtis (below), District Sales Manager, New York
Field Area Sales Office, Springfield, New Jersey.

MICROWAVE TUBE GROUP AVAR IA N
associates
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FROM DIFFERENCE ENGINE TO COMPUTER

T Y = ;-5- Ry p— - —
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Part of BABBAGE'S DIFFERENCE ENGINE (circa 1830) which was designed to calculate functions through
finite differences. Since it had the disadvantage of a “‘fixed program,” Babbage devoted the rest of his
life to a “universal’’ analytical machine. (British Crown Copyright, Science Museum, London)

AC NAVIGATION SYSTEMS—
ACCURATE, RELIABLE, LOW COST, DELIVERED ON SCHEDULE

AC’s highly qualified research, development and production team includes scientists,
engineers, technicians, management and staff personnel. In addition, AC has two fully
integrated research laboratories and modern production facilities with over 1% million
square feet of floor space. Result: Inertial guidance systems for MACE, THOR, TITAN 1
and Ill; a navigational-guidance system for project APOLLO; Bombing Navigational
System Integration for the B-52C&D; a new stellar inertial guidance system for mobile
missiles and spacecraft; precision inertial components for these products and computers
for sea, land, air or space navigation. To take these people and facilities, and to develop
these systems and capabilities required organization—AC organization.

This same organization is available to you. Let us solve your navigation and guidance
problems with our proven capability for low-cost development, best time to first flight
with outstanding accuracy. Contact Director of Sales, AC-Milwaukee.

MASTER NAVIGATORS

THROUGH TIME AND SPACE
AC SPARK PLUG « THE ELECTRONICS DIVISION OF GENERAL MOTORS
7929 South Howell, Milwaukee 1, Wisconsin
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MAGIC—The first lightweight general purpose airborne
digital computer to use molecular electronics—was intro-
duced recently by AC. The function of the airborne com-
puter is to handle computations and actuate vehicle
controllers for guidance and control of the missile, space
vehicle or aircraft. In a popular sense, the MAGIC computer
serves as the brains of the total airborne guidance system.
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we probed switching speed...
developed the first practical

1 Uy sec. memory system

Anticipating the demand for faster digital systems, IGC engineers developed terminal switching — a new, faster,
method of memory core operation. Terminal switching techniques allow IGC to produce memory systems capable
of a full read /write cycle in 1,000,000th of a second . .. and faster. Most important, IGC's new high speed memory
systems utilize reliable, time-proved FERRAMIC® core elements. Result: Fast cycle speed is combined with
very stable operation and high amplitude output signals. m 1GC’'s new 1 u sec. memory system is available with
capacities in multiples of 2,048 words of 60 bits per word in all standard access modes. m Magnetic Storage
Systems Are Our Business m In addition to our 1 x sec. word organized memory system, IGC engineers have
recently developed a 2 u sec. coincident current memory system. m  For information on all IGC memory
systems, write to Indiana General Corporation, Electronic Division, Keasbey, N. J. Ask for brochure MS-1.

INDIANA GENERAL =3
0SB é =

Miniature Permanent Magnetic Memory
Motors Magnets Equipment Systems

Ferrites
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MINUTEMAN, U.S. Air Force’s solid-fuel ICBM, is now operation-
al at Malmstrom AFB, Montana. Missiles, after assembly in a Boeing-
operated plant, are delivered to sites and lowered into silos (above
left and center), for link-up with support and launch-control equip-
ment. Picture, right above, shows earlier test firing from Cape

OPTICAL pyrometer, one of precision instru-
ments in Boeing’s new Metrology Laboratory
devoted to space-age requirements for extreme
accuracy of electrical, physical, mechanical
measurements.

DASH, U.S. Navy’s Drone Anti-Submarine
Helicopter, operates by remote control from
destroyers. Built by Gyrodyne Company of
America, DAsH is powered by Boeing gas turbine.

32

Canaveral. The Minuteman program, on which Boeing is weapon
system integrator, has achieved success unprecedented in the
history of intercontinental missiles, in terms of low-cost missile
production, economical maintenance and operation, and ahead-
of-schedule performance from drawing board to final installation.

Capability has many faces at Boeing

© 1963 SCIENTIFIC AMERICAN, INC

CARGO JET. Boeing -320C can carry 45 tons
of cargo or 188 passengers. Ordered by Ameri-
can, Pan American and World Airways, -320C
cargo jets offer lowest ton-mile ccsts of any
transport.

BOEING

Space Technology « Missiles  Military Aircraft Systems « 707, 720 and
727 Jetliners « Systems Management « Helicopters « Marine Vehicles »
Gas Turbine Engines « Also, Boeing Scientific Research Laboratories



........ A RARE ONE

is the man in industry who
cannot profit from the many
talents and capabilities of

ALLIS-CHALMERS.

His kind is becoming hard to
find, because with each pass-
ing day a growing variety of
Allis-Chalmers products helps
more and more Americans
to share in a better future!
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In 1860, with war impending, need became acute for
communications between the East and California. The
Government established the Pony Express to carry the

mails. Horses were kept at*“‘stages”’every ten or fifteen miles

between St. Joseph (Mo.) and the Pacific.

Each rider covered some seventy-five miles. Neither snow

nor rain, mountain nor desert, nor the attacks of hostile

Indians stopped them. They traversed in eight days the

distance a stagecoach required twenty-four days to travel.
After eighteen short months, the telegraph replaced

RIDERS T O

them. But the heroic hoofbeats of their horses have
thundered down a hundred years of history.

Messages today travel at the ultimate velocity:
the speed of light. Via REL tropo scatter radio, a part of
so many military and civilian systems, they also leap
lightly over obstacles. In Herculean strides of up
to 500 miles, they by-pass old barriers—vast stretches
of suow, desert, and mountain,

That’s why REL can take your communications
problem in its stride, too. Why not call or write today?

A subsidiary of Dynamics Corporation of America
Dept S : Long Island City 1, New York

REL

THE SEA
he

Pony
Eixpress

Creative careers at REL await a few exceptional engineers. Address résumés to James W. Kelly, Personnel Director.
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“Why we chose the NCR 315 Compufer."—THALmMER BROTHERS, INC. Richmond, Va.

“Our interest in computers dates back to
the early 1950's when we participated in
an extensive computer research and test-
ing project. Backed with this experience,
we began a study to design our system,
and this led to our choice of the NCR
315 Computer as the one best suited to
our specific needs.

"Our 315 was delivered in May 1962
and we made the first customer billings
for our Danville store one month later.

NCR PROVIDES TOTAL SYSTEMS — FROM ORIGINAL ENTRY TO FINAL REPORT —
THROUGH ACCOUNTING MACHINES, CASH REGISTERS OR ADDING MACHINES, AND DATA PROCESSING
The National Cash Register Co.+1,133 offices in 120 countries - 79 years of helping business save money

Each month we added one or more stores
to our computer system, and are now
completely processing all the customer
accounts for our 12 stores in Richmond
and Danville, Virginia; Greensboro, Win-
ston-Salem and Durham, North Carolina.

“Essentially, our choice of the NCR
315 stemmed from the fact that we have
had a long association with NCR—they
know the problems of retailing. With the
315, we were able to install just those

© 1963 SCIENTIFIC AMERICAN, INC

pieces of equipment needed today, yet
the system can be expanded as our
future needs demand. And additionally,
the 315 gives us a strong foundation
upon which to grow and expand in the
trading areas which we serve.”

William B. Thalhimer, Jr., President

Thalhimer Brothers, Inc.

NC
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BEGoodrich

Cement

so strong

a feather-edged
patch

won’t spall

LATEX DOES IT... a Geon vinyl
latex replacing water as the liquid in-
gredient in Portland cement opens a vast
new field of thin, strong, wear and
weather resistant coatings. Compression
strength is up 25%, tensile strength
70% , flexural strength 65% and adhe-
sion over 100% . Patches in roads can
be feather-edged without breaking up;
thinner resurfacing is practical, with
savings in altering curbs, drainage
structures, expansion joints, intersec-
tions. Mixing and handling are conven-
tional. Ideal for new floors and decks,
tank linings, coatings to protect against
chemical atmospheres, decorative coat-
ings and structural shapes. For more
information about Geon vinyl latices,
write B.F.Goodrich Chemical Company,
Department CA-5, 3135 Euclid Avenue,
Cleveland 15, Ohio. In Canada:
Kitchener, Ontario.

BFE.Goodrich Chemical

a division of The B.F.Goodrich Company
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THE AUTHORS

P. A. M. DIRAC (“The Evolution of
the Physicist’s Picture of Nature”) is
Lucasian Professor of Mathematics at
the University of Cambridge. His article
is based on a lecture given at the Con-
ference on the Foundations of Quantum
Mechanies, which took place at Xavier
University in Cincinnati in October of
last year. The editors especially wish to
thank John B. Hart, chairman of the
department of physics at Xavier Uni-
versity, for his assistance in preparing
the article for publication. In 1928 Dirac
proposed his theory of the electron,
which led him to predict, three years
later, the existence of an antiparticle of
the electron. The antiparticle, or posi-
tron, was discovered in 1932 by C. D.
Anderson of the California Institute of
Technology. For this work Dirac shared
(with the Austrian theoretical physicist
Erwin Schrodinger) the 1933 Nobel
prize for physics. He was elected Fellow
of the Royal Society in 1930.

GERALD OSTER and YASUNORI
NISHIJIMA (“Moiré Patterns”) are re-
spectively professor of polymer chemis-
try at the Polytechnic Institute of Brook-
lyn and lecturer in polymer chemistry at
Kyoto University in Japan. Oster and
Nishijima have worked in close collabo-
ration since 1953, when Nishijima, then a
graduate student from Kyoto University,
began working in Oster’s laboratory.
Their interest in the visual phenomena
known as moiré patterns first arose in the
course of research on the development
of a microscopic apparatus for measur-
ing the diffusion rates of minute particles
in liquids. This interest was greatly
increased by their viewing, through bam-
boo screens, a moonrise over Higashi-
yama, a mountain in the vicinity of
Kyoto. Both Oster and Nishijima com-
mute frequently between Brooklyn and
Kyoto.Osterreceived a Ph.D. in physical
chemistry from Cornell University in
1943. He went to the Polytechnic Insti-
tute of Brooklyn in 1951, having done re-
search at institutions here and abroad,
including the Rockefeller Institute and
Birkbeck College of the University of
London. Nishijima has a Ph.D. in chem-
istry from Kyoto University.

CHRISTIAN pe DUVE (“The Lyso-
some”) is professor and head of the de-
partment of physiological chemistry at
the Catholic University of Louvain in
Belgium. He is also professor at the
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Rockefeller Institute, where he recently
founded a new laboratory. De Duve re-
ceived an M.D. from Louvain in 1941
and an advanced degree in chemistry in
1946. For the next 18 months, in the
laboratory of the Nobel laureate Hugo
Theorell at the Nobel Institute in Stock-
holm, de Duve did research on the
muscle protein myoglobin. He worked
for six months with another Nobel prize
winner, Carl F. Cori, at Washington
University in St. Louis, on a pancreatic
hormone. De Duve was appointed to his
present post at Louvain in 1947; his as-
sociation with the Rockefeller Institute
began in January of last year.

BRIAN J. O’BRIEN (“Radiation
Belts”) is associate professor in the de-
partment of physics and astronomy at
the State University of Iowa. O’Brien
was born in Sydney, Australia, in 1934.
At the University of Sydney he did doc-
toral research on the composition of
primary cosmic radiation, acquiring a
Ph.D. in physics in 1957. After a period
as deputy chief physicist of the Austra-
lian National Antarctic Research Expe-
ditions, during which he carried out
studies of the phenomenon known as the
airglow, O’Brien went to the State Uni-
versity of Towa in 1959. There he has
served as scientist-in-charge of the three
Injun satellites, which were chiefly de-
signed to perform radiation measure-
ments of the type discussed in his article.
Next month O’Brien will join the faculty
of Rice University in Houston, Tex., as
Professor of Space Sciences.

EDWARD O. WILSON (“Phero-
mones”) is associate professor of zoology
at Harvard University. As a native of
Alabama, Wilson fairly early in life be-
came acquainted with the Southern agri-
cultural pest known as the fire ant, which
he discussed in an article for ScIENTIFIC
AMERICAN (“The Fire Ant,” March,
1958). Wilson received B.S. and M.S.
degrees from the University of Alabama
in 1949 and 1950. He took a Ph.D. in
biology at Harvard, where he held a
National Science Foundation fellowship
and a junior fellowship in the Society of
Fellows. He joined the Harvard faculty
in 1956.

WILLIAM ]. MAYER-OAKES (“Ear-
ly Man in the Andes”) is professor of
anthropology and head of the depart-
ment of anthropology and sociology at
the University of Manitoba in Winnipeg,
Canada. American by birth and educa-
tion, Mayer-Oakes attended the Uni-
versity of Chicago, receiving an AM. in
1949 and a Ph.D. in 1954. (As a Chicago



EARTH ORBITAL REENTRY

Four spacecraft programs, each engineered to explore
diverse techniques for earth orbital reentry, are underway at McDonnell.

MERCURY, America's first
manned orbital spacecraft,
utilizes a non-maneuverable
ballistic reentry. After retro-
rockets slow the spacecraft to
bring it out of orbit, reaction
jets position it for reentry.
Mercury’s ballistic shape
maintains alignment with the
drag vector as it follows a
ballistic path through the
atmosphere to drogue chute
deployment at 21,000 feet.
Final descent to an ocean
landing is accomplished with
a 63-foot ring-sail parachute.

ASSET, an instrumented, un-
manned, winged vehicle, will
reach speeds of 13,000 miles
per hour in sub-orbital flights
at altitudes of over 40 miles.
This space research program
will provide for study of glide
reentry technology, refractory
materials fabrication experi-
ence, and accelerate the de-
velopment of maneuverable
reentry techniques. A para-
chute landing system enables
recovery of vehicle and data
package for post flight analy-
sis of test data.

AEROBALLISTIC

AEROBALLISTIC is a word
coined to describe the lifting
body concepts proven by
flights of McDonnell hyper-
sonic missiles from Cape
Canaveral in early 1959. The
test flights demonstrated pre-
cise atmospheric control, the
aerodynamic efficiency of an
Aeroballistic vehicleand were
the first breakthroughs in the
design of maneuverable re-
entry spacecraft. Space mis-
sions utilizing an Aeroballis-
tic type vehicle would termi-
nate with a conventional
runway landing.

GEMINI

GEMINI is a two-man orbital
spacecraft for long duration
and rendezvous missions.
Upon reentry, the crew will
position Gemini’s off-set cen-
ter of gravity with attitude
control jets to re-orient the
drag vector and create a lift
component. This lift will en-
able the crew to maneuver
Gemini to any point in a
28,000 square mile landing
area. A paraglider will be
deployed in later flights,
enabling precise astronaut
control of the glide to the
landing field.

With MERCURY, ASSET, AEROBALLISTIC and GEMINI Spacecraft,
McDonnell is perfecting reentry techniques, shapes, materials and manufacturing processes
necessary for the achievement of U. S. leadership in space.

TRADEMARK

FIRST FREE MAN IN SPACE

MCDONNELL

® Mercury and Gemini are being designed and built by McDonnell for NASA

under the technical direction of the Manned Spacecraft Center.

@ Asset is being developed and built under the sponsorship of
the Aeronautical Systems Division of the Air Force Systems Command.

® Aezroballistic vehicles were developed and tested under contract with the U.S.A.F.

and development is continuing with company funding.
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HOW SCIENCE GREW SUCH LONG ARMS

What’s it like out there—out in the far reaches of space? B Man is only
beginning to gratify his insatiable curiosity about the worlds beyond
this world. He’s looking. He’s listening. And he’s stretching out long
arms with electronic fingers, to touch and measure: radar signals orig-
inated on earth beam outwards, then reflect back to us from the moon,
the planets and the sun bearing new knowledge of their shape, direc-
tion, size and structure. @ Before World War II—when radar first was
conceived as a means of saving the lives of airmen and sailors—the
effective range was a few hundred miles at best. Only a few years later,
a man-made electromagnetic pulse touched the moon and returned. Man
had made his first reach beyond the skies. B The power source for this
and for all long-range radar is the modern electron power tube. Time
after time, the power source bears the name Eimac, trade mark of
Eitel-McCullough, Inc. B This California corporation has an enviable
record of space-age communications achievements. An Eimac tube
powered the first radar contact with the moon. Another powered the
only radar in the world which could track the first man-launched satel-
lite. An Eitel-McCullough klystron generated the signal for the first
radar contact with Venus. Yet another developed the energy for the first
radar pulse to touch the corona of the sun. B In the whole history of
radar, the Eimac name has appeared on more radar tubes than that
of any other electronic firm in the world. Eitel-McCullough alone, in
1938, could produce a tube which could power the U.S. Navy’s first
working seaborne radar. During the war which followed, Eimac radar
tubes poured out by the hundreds of thousands. They flew in airborne
radars to Guadalcanal, Essen and Normandy. They went ashore with
the Army and the Marines, spotting mortars at Kwajalein and Iwo
Jima.* For navigation, detection, ranging and fire-control they pow-
ered our radars wherever our forces went. B Today the Eimac name
is on almost every klystron power tube in the defense communications
network which connects our northern radar curtain with the U.S.,
Canada, Europe, the Middle East, the Pacific and Southeast Asia. ®
In its laboratories, Eitel-McCullough now has a million-dollar test
instrument which will produce ten amperes of direct current at more
than three hundred thousand volts, enough to power radar tubes ten
times as powerful as today’s biggest. As sophistication of the art
proceeds, requirement arises for coherence, pulse shaping, controlled
phase and frequency agility. These call, in turn, for developments now
in progress at Eitel-McCullough: electron power tubes capable of ever
higher powers, at ever higher frequencies, over ever wider bandwidths.
B Upon the foundation of the world’s largest and longest experience
with radar tubes, Eitel-McCullough is far advanced today toward
solution of the radar tube problems of tomorrow.

*There’s an absorbing now-it-can-be-told story about this radar that ‘‘couldn’t be made.”’ It’s yours for
the asking. Write for ‘‘How to Build a Secret Tube.”’

EITEL-McCULLOUGH, INC.

SAN CARLOS, CALIFORNIA
Subsidiaries: National Electronics, Inc., Geneva, Illinois
Eitel-McCullough, S.A., Geneva, Switzerland
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treshman Mayer-Oakes ran the mile in
4:28, winning the Big Ten freshman
championship.) From 1950 to 1956 he

' was chiet field archaeologist and direc-

tor of the Upper Ohio Archeological
Survey for the Carnegie Museum in
Pittsburgh. While at the Carnegie Mu-
seum he also initiated several excava-
tions in central Mexico, and he continued
the work as a member of the anthropolo-
gy department at the University of To-
ronto from 1956 to 1959. He spent the
next three years at the University of
Oklahoma, where he was director of the
University Museum of Natural History.
During this period Mayer-Oakes began
the work at El Inga (an archaeological
site in Ecuador) that he describes in his
article. He went to the University of
Manitoba in 1962.

H. ]J. EYSENCK (“The Measurement
of Motivation”) is professor of psycholo-
gy at the Institute of Psychiatry of the
University of London, where he directs
the Psychological Department of Mauds-
ley Hospital, the main hospital for teach-
ing and training psvchiatrists in Eng-
land. Born in Berlin, Eysenck left Ger-
many in 1934 and studied for a time at
the University of Bijon in France and
at the University of Exeter in England.
He subsequently studied psychology at
the Universitv of London, obtaining a
B.A. and Ph.D. in 1940 and 1942.
Maudsley Hospital had become the Mill
Hill Emergency Hospital for the duration
of the war, and Evsenck worked there as
a rescarch psychologist. Later, when the
Institute of Psvchiatrv was founded as
part of the University of London Post
Graduate Medical School, he was asked
to form a department of psychology.

CHARLES F. HICKLING (“The
Cultivation of Tilapia”), now retired,
was Fisheries Adviser to the Secretary
of State for the Colonies from 1945 to
1961. Before that he had served in the
British Ministry of Agriculture and Fish-
eries since 1927. Hickling, who holds a
B.A. and an Sc.D. from the University ot
Cambridge, was acting director of the
Tropical Fish Culture Research Institute
in Malacca, Federation of Malaya. Last
month Hickling returned to Malacca on
a two-year grant from the Nuffield
Foundation to do research on fish culti-
vation.

JOHN PASSMORE, who in this issue
reviews The Career of Philosophy: From
the Middle Ages to the Enlightenment,
by John Herman Randall, Jr., is professor
of philosophy at the Australian National
University in Canberra.



DIGITRONICS DIAL-O-VERTER D520
MAGNETIC TAPE TERMINAL WITH
DOOR OPEN SHOWING CIRCUIT CARDS

Digitronics assures
the reliahility of
their high-speed
Dial-o~-verter system

with ALLEN-BRADLEY quality
electronic components

Allen-Bradley
EIA and MIL-R-11 standard

HIGH-SPEED HANDLING OF DATA DEMANDS
UTMOST RELIABILITY!

® Youdon’t need a Ph.D. to understand that the higher the data
handling speed, the greater is the necessity for uninterrupted
operation—even short delays lose volumes of information. There-
fore, Digitronics Corporation uses Allen-Bradley fixed and adjust-
able hot molded resistors in their Dial-o-verter system.

A-B fixed resistors are so thoroughly reliable that even with
the bullions of Allen-Bradley fixed resistors in use, there’s never
been a single record of catastrophic failure! The key to such a
phenomenal performance is to be found in A-B’s hot molding
technique—a process developed and used only by Allen-Bradley.
It results in such uniform properties that long term resistor per-
formance can be accurately predicted.

Allen-Bradley’s Type R adjustable fixed resistors are also hot
molded so that the solid resistance element, terminals, and insu-
lating body are produced in a rugged unit structure. The molded
case is both dust-tight and watertight—it is completely satis-
factory for use where entire circuits are encapsulated. With almost
infinite resolution, abrupt changes in resistance cannot occur
during adjustment, and the moving element is self-locking in its
“set” position.

Be sure your equipment has the reliability only Allen-Bradley
hot molded resistors can give. For full details on all A-B quality
electronic components, please write for Publication 6024,
Allen-Bradley Co., 1204 S. Third Street, Milwaukee 4, Wis.
In Canada: Allen-Bradley Canada Ltd., Galt, Ont.
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Orbiting Solar Observatory (0SO-1) for monitoring
solar radiation—Official NASA Photo.

Detection of the 50-400A
Region in NASA’s S-16

A significant experiment designed by
personnel of NASA’s Goddard Space
Flight Center as part of the first Orbit-
ing Solar Observatory launched in
early 1962 involved a study of solar
X-rays, the probable source of which
lies close to the base of the corona.
Study of such radiation could not only
lead to a theory for predicting solar
flares but may also point the way for
more accurate sun simulation in en-
vironmental testing. High resolution
solar spectra in the 50 to 400 Angstrom
region had never before been achieved.
Hence, the OSO experiment.

The solar far vacuum ultraviolet
soft X-ray spectrometer, utilizing a
Bendix windowless photon detector, is
moeunted in an instrument housing in
the upper portion of the satellite, the
non-spinning section which remains
oriented to the sun. In operation, solar
radiation enters a slit and is diffracted
by a curved grating, ruled 576 lines
per mm. The resulting spectrum is
focused along a circle according to
wave length. The motor driven detec-
tor moves along this circle measuring
radiation intensity throughout the
desired wave length region.

The pulse output of the Bendix
detector is then converted into binary
wave form for telemetry to earth.

Research Laboratories Division

The particular Bendix detector, de-
signed and fabricated for NASA’s
use in this experiment, differs signifi-
cantly from conventional electron
multipliers in that it uses a single
dynode—formed of a continuous sur-
face of high resistance semiconductor
material—rather than many individual
dynodes. In operation, electrons pro-
duced by impingement of photons on
the cathode gain energy from the
electric field produced by the poten-
tial drop along the highly resistive
semiconductor surface.

A magnetic field, perpendicular to
the electric field, forces the released
electrons to travel in cycloidal paths,
striking the strip “downstream” at
regular intervals, each electron releas-
ing additional secondary electrons.
Eventually the swarm of electrons
reaches the anode as a greatly ampli-
fied current.

The Bendix design permits current
gains of over 107 (with an applied
potential of less than 2000 volts)
without any activation to enhance
secondary emission properties of the
dynode surface. This type of multi-
plier is therefore particularly useful
for applications where it must be
periodically exposed to air. In fact it
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can be exposed to humid air at atmos-
pheric pressure for an indefinite period
of time without injury.

Rugged structure, insensitivity to
near UV and visible radiation, and ex-
tremely low dark currents are features
of the Bendix® Magnetic Electron
Multipliers which make them particu-
larly adaptable to satellite experiments.

The Bendix model M-306 photon
detector used in the OSO-1, S-16 had
a background counting rate of less
than 1 count per 8 seconds. New and
improved models will be used in fu-
ture satellite experiments planned by
NASA-Goddard and other space
groups.

Bendix research embraces a com-
plete range of disciplines including
acoustics, nuclear, data processing,
microwave, fluid power, lasers and
masers, guidance, electronics, solid
state physics, and mechanics. Motiva-
tion: to develop new techniques and
hardware for producing complete, in-
tegrated, advanced systems for defense,
industrial and commercial applications.
Inquiries are invited. We also invite
engineers and scientists to discuss
career position opportunities with us.
An equal opportunity employer. Write
Director, Bendix Research Labora-
tories Division, Southfield, Michigan.

WHERE IDEAS
UNLOCK
THE FUTURE

THe ello’l)/

CORPORATION
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Time was, when leading manufac-
turers used only ball bearings in
high-performance electric motors.

No more

The move is up —to Torrington
Drawn Cup Roller Bearings. (For
alternators, power tools, fan drives,
vacuum cleaners, can openers—
you name it.) Why?

Why the move?

(toTorrington DC Roller Bearings in electric motors)

Torrington DC’s remarkable du-

rability and low unit cost. (In some
cases, theyhave loweredarmature
bearing costs as much as 50%.)

Their high capacity and com-

pactness.
Their ability to give years of

trouble-free operation without lu-

brication (we prelubricate them).

Easy installation, via press fit.

To putit quite simply, Torrington
DC’s help make an electric motor
more efficient.

Now you know what’s behind
the move to Torrington DC Roller
Bearings in electric motors.

The next move is up to you.

Suggestion: Contact Torrington

TORRINGTON,CONNECTICUT
procress THROUGH PrecisioN THIE TORRINGTORN COMPANY souTH BEND 21, INDIANA

Serving industry throughout the world with all basic types of antifriction bearings, metal specialties and rotary swaging machines.
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To Get Better Answers, Faster. ..

EVEN THE SOIL IS REPRODUCED TO SCALE

Scale modeling—an exacting laboratory science—is help-
ing Caterpillar to strikingly telescope research time and
costs. And it has taught us much that no one ever knew
before about what happens when an earthmoving machine
meets soil.

Our Soil Mechanics Laboratory spent years developing
the miniature instrumentation, models and techniques
needed to reproduce field conditions exactly—and without
the usual uncontrollable field variables. Even soil is re-
created to scale. Using measured amounts of mixed sand,
fire clay and oil in specially built soil bins, Caterpillar

research men can reproduce a wide variety of types and
consistencies of soil for their model testing. To simulate
other soil conditions, they've employed several unusual
materials. Toothpicks, for example, have yielded informa-
tion on soil failure (breakage from digging tools) that field
studies never revealed.

The results have been beyond expectations. Models
of new designs (as small as 1/15 scale) now move quickly

through test programs that would ordinarily take months
in full-scale testing. New information has already led
to important new vehicle changes. And, equally impor-
tant, these laboratory techniques have produced new
knowledge—knowledge not obtainable by other techniques
—to give us better answers, faster, to future questions.

Unique research capabilities are only part of
Caterpillar's capacity to serve the defense program.
Caterpillar also seeks contracts or subcontracts for manu-
facture of machines, components or parts. For more in-
formation, contact Defense Products Department,
Caterpillar Tractor Co., Peoria, lllinois.

CATERPILLAR

Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co.

Caterpillar Tractor Co., General Offices, Peoria, Ill. - Caterpillar Americas Co., Peoria, IIl.
Caterpillar Overseas S.A., Geneva - Caterpillar of Australia Pty. Ltd., Melbourne - Caterpillar
Brasil S.A., Sao Paulo - Caterpillar Tractor Co. Ltd., Glasgow - Caterpillar of Canada Ltd.,
Toronto - Caterpillar France S.A., Grenoble - Caterpillar (Africa) (Pty.) Ltd., Johannesburg

Career opportunities are available at Caterpillar for qualified Engineers, Researchers and Designers. An equal opportunity employer.
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One of a series briefly deosecibing GVWs research in depih

Fishing Btu’s from fluid streams

A heat exchanger can catch escaping thermal energy.
For example, it more than doubles the efficiency of gas
turbines by recovering exhaust heat. But predicting its
performance is a subtle and often perplexing art.

To put heat exchanger design on a more scientific basis,

our thermally inclined colleagues at the Laboratories

have been developing—and experimentally verifying —
better ways of analyzing its behavior. One result is a new
conduction parameter for the thermodynamicist’s kit

of tools. Dubbed the Mondt number by fellow staff
members, it neatly explains why increasing the size of a
heat exchanger does not necessarily improve effectiveness
(see graph). The reason: longitudinal conduction losses may
more than offset the expected gain in performance.

Or say you're interested in thermal distortions and stresses
of metals, or in sealing the leakage of counterflowing
gases. We are. Another analytical advance has enabled us
to compute the transient and steady-state temperature
distribution in the solid and in both fluid streams. With it
most any heat exchanger can be simulated on a

digital computer.

These fundamental studies are aiding the understanding
of heat transfer—in theory and in engineering practice.
They illustrate General Motors’ constant search for a
better way—through research in depth.

General Motors Research Laboratories

Warren, Michigan

The Mondt number
" is the ratio of
convective heat
transfer rate to
conductive rate.

1 [0 100 50
“Exchanger Size" (Heat Transfer Units)

View through an experimental
heat exchanger matrix.
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The Evolution of the Physicists

Picture of Nature

An account of how physical theoryv has developed in

the past and how, in the light of this development,

it can perhaps be expected to develop in the future

the development of general physical

theory: how it developed in the past
and how one may expect it to develop in
the future. One can look on this con-
tinual development as a process of evo-
lution, a process that has been going on
for several centuries.

The first main step in this process of
evolution was brought about by Newton.
Before Newton, people looked on the
world as being essentially two-dimen-
sional—the two dimensions in which one
can walk about—and the up-and-down
dimension seemed to be something es-
sentially different. Newton showed how
one can look on the up-and-down direc-
tion as being symmetrical with the other
two directions, by bringing in gravita-
tional forces and showing how they take
their place in physical theory. One can
say that Newton enabled us to pass from
a picture with two-dimensional sym-
metry to a picture with three-dimension-
al symmetry.

Einstein made another step in the
same direction, showing how one can
pass from a picture with three-dimen-
sional symmetry to a picture with four-
dimensional symmetry. Einstein brought
in time and showed how it plays a role
that is in many ways symmetrical with
the three space dimensions. However,
this symmetry is not quite perfect. With

Ili this article I should like to discuss

bv P. A. M. Dirac

Einstein’s picture one is led to think of
the world from a four-dimensional point
of view, but the four dimensions are not
completely symmetrical. There are some
directions in the four-dimensional pic-
ture that are different from others: di-
rections that are called null directions,
along which a ray of light can move;
hence the four-dimensional picture is not
completely symmetrical. Still, there is a
great deal of symmetry among the four
dimensions. The only lack of symmetry,
so far as concerns the equations of phys-
ics, is in the appearance of a minus sign
in the equations with respect to the time
dimension as compared with the three
space dimensions [see top equation on
page 50].

We have, then, the development from
the three-dimensional picture of the
world to the four-dimensional picture.
The reader will probably not be happy
with this situation, because the world
still appears three-dimensional to his
consciousness. How can one bring this
appearance into the four-dimensional
picture that Einstein requires the physi-
cist to have?

What appears to our consciousness is
really a three-dimensional section of the
four-dimensional picture. We must take
a three-dimensional section to give us
what appears to our consciousness at one
time; at a later time we shall have a
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different three-dimensional section. The
task of the physicist consists largely of
relating events in one of these sections to
events in another section referring to a
later time. Thus the picture with four-
dimensional symmetry does not give us
the whole situation. This becomes par-
ticularly important when one takes into
account the developments that have
been brought about by quantum theory.
Quantum theory has taught us that we
have to take the process of observation
into account, and observations usually
require us to bring in the three-dimen-
sional sections of the four-dimensional
picture of the universe.

The special theory of relativity, which
Einstein introduced, requires us to put
all the laws of physics into a form that
displays four-dimensional symmetry. But
when we use these laws to get results
about observations, we have to bring in
something additional to the four-dimen-
sional symmetry, namely the three-di-
mensional sections that describe our
consciousness of the universe at a cer-
tain time.

Einstein made another most important

contribution to the development of
our physical picture: he put forward the
general theory of relativity, which re-
quires us to suppose that the space of
physics is curved. Before this physicists
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had always worked with a flat space, the
three-dimensional flat space of Newton
which was then extended to the four-
dimensional flat space of special relativ-
ity. General relativity made a really im-
portant contribution to the evolution of
our physical picture by requiring us to
go over to curved space. The general re-
quirements of this theory mean that all
the laws of physics can be formulated in
curved four-dimensional space, and that
thev show symmetry among the four
dimensions. But again, when we want to
bring in observations, as we must it we
look at things from the point of view of
quantum theory, we have to refer to a
section of this four-dimensional space.
With the four-dimensional space curved,
any section that we make in it also has to
be curved, because in general we cannot
give a meaning to a flat section in a
curved space. This leads us to a picture
in which we have to take curved three-
dimensional sections in the curved four-
dimensional space and discuss observa-
tions in these sections.

During the past few years people have
been trying to apply quantum ideas to

gravitation as well as to the other
phenomena of physics, and this has led
to a rather unexpected development,
namely that when one looks at gravita-
tional theory from the point of view of
the sections, one finds that there are
some degrees of freedom that drop out
of the theory. The gravitational field is
a tensor field with 10 components. One
finds that six of the components are ade-
quate for describing everything of physi-
cal importance and the other four can be
dropped out of the equations. One can-
not, however, pick out the six important
components from the complete set of 10
in any way that does not destroy the
four-dimensional symmetry. Thus if one
insists on preserving four-dimensional
symmetry in the equations, one cannot
adapt the theory of gravitation to a dis-
cussion of measurements in the way
quantum theory requires without being
torced to a more complicated description
than is needed bv the physical situation.
This result has led me to doubt how
fundamental the four-dimensional re-
quirement in physics is. A few decades
ago it seemed (uite certain that one had

ISAAC NEWTON (1642-1727), with his law of gravitation, changed the physicist’s picture
of nature from one with two-dimensional symmetry to one with three-dimensional symmetry.
This drawing of him was made in 1760 by James Macardel from a painting by Enoch Seeman.
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to express the whole of physics in four-
dimensional form. But now it seems that
four-dimensional symmetry is not of such
overriding importance, since the descrip-
tion of nature sometimes gets simplified
when one departs trom it.

Now I should like to proceed to the
developments that have been brought
about by quantum theory. Quantum
theory is the discussion of very small
things, and it has formed the main sub-
ject of physics for the past 60 years.
During this period phvsicists have been
amassing quite a lot of experimental in-
formation and developing a theory to
correspond to it, and this combination of
theory and experiment has led to im-
portant developments in the physicist’s
picture of the world.

The quantum first made its appear-
ance when Planck discovered the need
to suppose that the energy of electro-
magnetic waves can exist only in mul-
tiples of a certain unit, depending on the
trequency of the waves, in order to ex-
plain the law of black-body radiation.
Then Einstein discovered the same unit
of energy occurring in the photoelectric
effect. In this early work on ¢uantum
theory one simply had to accept the unit
of energy without being able to incor-
porate it into a physical picture.

"Nhe first new picture that appeared
+ was Bohr’s picture of the atom. It was
a picture in which we had electrons mov-
ing about in certain well-defined orbits
and occasionally making a jump trom
one orbit to another. We could not pic-
ture how the jump took place. We just
had to accept it as a kind of discon-
tinuity. Bohr’s picture of the atom
worked only for special examples, essen-
tially when there was onlv one electron
that was of importance for the problem
under consideration. Thus the picture
was an incomplete and primitive one.
The big advance in the quantum
theory came in 1925, with the discovery
of quantum mechanics. This advance
was brought about independently by two
men, Heisenberg first and Schrédinger
soon afterward, working from different
points of view. Heisenberg worked keep-
ing close to the experimental evidence
about spectra that was being amassed at
that time, and he found out how the ex-
perimental information could be fitted
into a scheme that is now known as
matrix mechanics. All the experimental
data of spectroscopy fitted beautifully
into the scheme of matrix mechanics, and
this led to quite a different picture of the
atomic world. Schrodinger worked from
a more mathematical point of view, try-
ing to find a beautitul theory for describ-



ing atomic events, and was helped by De
Broglie’s ideas of waves associated with
particles. He was able to extend De
Broglie’s ideas and to get a very beautiful
equation, known as Schrodinger’s wave
equation, for describing atomic proc-
esses. Schrodinger got this equation by
pure thought, looking for some beautiful
generalization of De Broglie’s ideas, and
not by keeping close to the experimental
development of the subject in the way
Heisenberg did.

I might tell you the story I heard from
Schrodinger of how, when he first got
the idea for this equation, he immediate-
ly applied it to the behavior of the elec-
tron in the hydrogen atom, and then he
got results that did not agree with ex-
periment. The disagreement arose be-
cause at that time it was not known that
the electron has a spin. That, of course,
was a great disappointment to Schro-
dinger, and it caused him to abandon the
work for some months. Then he noticed
that if he applied the theory in a more
approximate way, not taking into ac-
count the refinements required by rela-
tivity, to this rough approximation his
work was in agreement with observa-
tion. He published his first paper with
only this rough approximation, and in
that way Schrodinger’s wave equation
was presented to the world. Afterward,
of course, when people found out how to
take into account correctly the spin of
the electron, the discrepancy between
the results of applving Schrodinger’s rel-
ativistic equation and the experiments
was completelv cleared up.

think there is a moral to this story,

namely that it is more important to
have beauty in one’s equations than to
have them fit experiment. If Schrédinger
had been more confident of his work, he
could have published it some months
earlier, and he could have published a
more accurate equation. That equation is
now known as the Klein-Gordon equa-
tion, although it was really discovered by
Schrodinger, and in fact was discovered
by Schrodinger before he discovered his
nonrelativistic treatment of the hydro-
gen atom. It seems that if one is working
from the point of view of getting beauty
in one’s equations, and if one has really
a sound insight, one is on a sure line of
progress. If there is not complete agree-
ment between the results of one’s work
and experiment, one should not allow
oneselt to be too discouraged, because
the discrepancy may well be due to
minor features that are not properly
taken into account and that will get
cleared up with further developments of

the theory.

ALBERT EINSTEIN (1879-1955), with his special theory of relativity, changed the physi-
cist’s picture from one with three-dimensional symmetry to one with four-dimensional sym-
metry. This photograph of him and his wife and their daughter Margot was made in 1929.

That is how quantum mechanics was
discovered. It led to a drastic change
in the physicist’s picture of the world,
perhaps the biggest that has yet taken
place. This change comes from our hav-
ing to give up the deterministic picture
we had always taken for granted. We are
led to a theory that does not predict with
certainty what is going to happen in the
future but gives us information only
about the probability of occurrence of
various events. This giving up of deter-
minacyv has been a verv controversial
subject, and some people do not like it at
all. Einstein in particular never liked it.
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Although Einstein was one of the great
contributors to the development of quan-
tum mechanics, he still was always rath-
er hostile to the form that quantum
mechanics evolved into during his life-
time and that it still retains.

The hostility some people have to the
giving up of the deterministic picture
can be centered on a much discussed
paper by Einstein, Podolsky and Rosen
dealing with the difficulty one has in
forming a consistent picture that still
gives results according to the rules of
quantum mechanics. The rules of quan-
tum mechanics are quite definite. People
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NIELS BOHR (1885-1962) introduced the idea that the electron
moved about the nucleus in well-defined orbits. This photograph
was made in 1922, nine years after the publication of his paper.

know how to calculate results and how to
compare the results of their calculations
with experiment. Everyone is agreed on
the formalism. It works so well that no-
body can afford to disagree with it. But
still the picture that we are to set up
behind this formalism is a subject of
controversy.

I should like to suggest that one not
worry too much about this controversy. 1
teel very strongly that the stage physics
has reached at the present day is not the
final stage. It is just one stage in the evo-
lution of our picture of nature, and we
should expect this process of evolution
to continue in the future, as biological
evolution continues into the future. The
present stage of physical theory is mere-
ly a steppingstone toward the better
stages we shall have in the future. One
can be quite sure that there will be better
stages simply because of the difficulties
that occur in the physics of today.

I should now like to dwell a bit on

the difficulties in the physics of the
present day. The reader who is not an
expert in the subject might get the idea
that because of all these difficulties
physical theory is in pretty poor shape
and that the quantum theory is not much
good. I should like to correct this impres-
sion by saving that quantum theory is an
extremely good theory. It gives wonder-
ful agreement with observation over a
wide range of phenomena. There is no
doubt that it is a good theory, and the
only reason physicists talk so much about
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the difficulties in it is that it is precisely
the difficulties that are interesting. The
successes of the theory are all taken for
granted. One does not get anywhere
simply by going over the successes again
and again, whereas by talking over the
difficulties people can hope to make
some progress.

The difficulties in uantum theory are
of two kinds. I might call them Class One
difficulties and Class Two difficulties.
Class One difficulties are the difficulties
I have already mentioned: How can one
form a consistent picture behind the
rules for the present quantum theory?
These Class One difficulties do not really
worry the physicist. If the physicist
knows how to calculate results and com-
pare them with experiment, he is quite
happy if the results agree with his ex-
periments, and that is all he needs. It is
only the philosopher, wanting to have a
satistying description of nature, who is
bothered by Class One difficulties.

There are, in addition to the Class One
difficulties, the Class Two difficulties,
which stem from the fact that the present
laws of uantum theory are not always
adequate to give any results. If one
pushes the laws to extreme conditions—
to phenomena involving very high ener-
gies or verv small distances—one some-
times gets results that are ambiguous or
not really sensible at all. Then it is clear
that one has reached the limits of appli-
cation of the theory and that some fur-
ther development is needed. The Class
Two difficulties are important even for
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(1858-1947)
magnetic radiation consists of quanta, or particles. This photograph
was made in 1913, 13 years after his original paper was published.

introduced the idea that electro-

the physicist, because they put a limita-
tion on how far he can use the rules of
quantum theory to get results compara-
ble with experiment.

I should like to say a little more about
the Class One difficulties. I feel that one
should not be bothered with them too
much, because they are difficulties that
refer to the present stage in the develop-
ment of our physical picture and are
almost certain to change with future de-
velopment. There is one strong reason, I
think, why one can be quite confident
that these difficulties will change. There
are some fundamental constants in na-
ture: the charge on the electron (desig-
nated e), Planck’s constant divided by
27 (designated fi) and the velocity of
light (¢). From these fundamental con-
stants one can construct a number that
has no dimensions: the number hc/e?.
That number is found by experiment to
have the value 137, or something very
close to 137. Now, there is no known
reason why it should have this value
rather than some other number. Various
people have put forward ideas about it,
but there is no accepted theory. Still,
one can be fairly sure that someday
physicists will solve the problem and
explain why the number has this value.
There will be a physics in the future that
works when hc/e? has the value 137
and that will not work when it has any
other value.

The physics of the future, of course,
cannot have the three quantities f1, e and
¢ all as fundamental (uantities. Onlv two



of them can be fundamental, and the
third must be derived from those two. It
is almost certain that ¢ will be one of the
two fundamental ones. The velocity of
light, ¢, is so important in the four-
dimensional picture, and it plays such a
fundamental role in the special theory of
relativity, correlating our units of space
and time, that it has to be fundamental.
Then we are faced with the fact that of
the two quantities & and e, one will be
fundamental and one will be derived. If
h is fundamental, e will have to be ex-
plained in some way in terms of the
square root of f, and it seems most un-
likely that any fundamental theory can
give e in terms of a square root, since
square roots do not occur in basic equa-
tions. It is much more likely that e will
be the fundamental quantity and that #
will be explained in terms of e2. Then
there will be no square root in the basic
equations. I think one is on safe ground
if one makes the guess that in the physi-
cal picture we shall have at some future
stage e and ¢ will be fundamental quan-
tities and A will be derived.

If 7 is a derived quantity instead of a
fundamental one, our whole set of ideas
about uncertainty will be altered: # is
the fundamental quantity that occurs in
the Heisenberg uncertainty relation con-
necting the amount of uncertainty in a
position and in a momentum. This un-
certainty relation cannot play a funda-
mental role in a theory in which % itself
is not a fundamental quantity. I think
one can make a safe guess that uncertain-
ty relations in their present form will not
survive in the physics of the future.

f course there will not be a return to

the determinism of classical physi-

cal theory. Evolution does not go back-
ward. It will have to go forward. There
will have to be some new development
that is quite unexpected, that we cannot
make a guess about, which will take us
still further from classical ideas but
which will alter completely the discus-
sion of uncertainty relations. And when
this new development occurs, people
will find it all rather futile to have had so
much of a discussion on the role of ob-
servation in the theory, because they will
have then a much better point of view
from which to look at things. So I shall
say that if we can find a way to describe
the uncertainty relations and the in-
determinacy of present quantum me-
chanics that is satistying to our philo-
sophical ideas, we can count ourselves
lucky. But if we cannot find such a way,
it is nothing to be really disturbed
about. We simply have to take into ac-
count that we are at a transitional stage

and that perhaps it is quite impossible to
get a satisfactory picture for this stage.

I have disposed of the Class One dif-
ficulties by saying that they are really
not so important, that if one can make
progress with them one can count one-
self lucky, and that if one cannot it is
nothing to be genuinely disturbed about.
The Class Two difficulties are the really
serious ones. They arise primarily from
the fact that when we apply our quan-
tum theory to fields in the way we have
to if we are to make it agree with special
relativity, interpreting it in terms of the
three-dimensional sections I have men-
tioned, we have equations that at first
look all right. But when one tries to solve
them, one finds that they do not have any
solutions. At this point we ought to say
that we do not have a theory. But physi-
cists are very ingenious about it, and
they have found a way to make prog-
ress in spite of this obstacle. They find
that when they try to solve the equations,
the trouble is that certain quantities
that ought to be finite are actually in-
finite. One gets integrals that diverge
instead of converging to something defi-
nite. Physicists have found that there is a

LOUIS DE BROGLIE (1892

waves. This photograph was made in 1929, five years after the appearance of his paper.
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way to handle these infinities according
to certain rules, which makes it possible
to get definite results. This method is
known as the renormalization method.

] shall merely explain the idea in words.

We start out with a theory involving
equations. In these equations there occur
certain parameters: the charge of the
electron, e, the mass of the electron, m,
and things of a similar nature. One then
finds that these quantities, which appear
in the original equations, are not equal
to the measured values of the charge and
the mass of the electron. The measured
values differ from these by certain cor-
recting terms—Ae, Am and so on—so
that the total charge is e + Ae and
the total mass m + Am. These changes
in charge and mass are brought about
through the interaction of our elemen-
tary particle with other things. Then one
says that e + Ae and m + Am, being
the observed things, are the important
things. The original ¢ and m are just
mathematical parameters; they are un-
observable and therefore just tools one
can discard when one has got far enough
to bring in the things that one can com-

) put forward the idea that particles are associated with
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pare with observation. This would be a
uite correct way to proceed if Ae
and Am were small (or even if they
were not so small but finite) corrections.
According to the actual theory, however,
Ae and Am are infinitely great. In spite
of that fact one can still use the formal-
ism and get results in terms of ¢ + Ae
and m + Am, which one can interpret
by saying that the original e and m have
to be minus infinity of a suitable amount
to compensate for the Ae and Am that
are infinitely great. One can use the
theory to get results that can be com-
pared with experiment, in particular for
electrodynamics. The surprising thing is
that in the case of electrodvnamics one
gets results that are in extremely good
agreement with experiment. The agree-
ment applies to many significant fig-
ures—the kind of accuracy that previ-
ously one had only in astronomy. It
is because of this good agreement that
physicists do attach some value to the
renormalization theory, in spite of its
illogical character.

It seems to be quite impossible to put
this theory on a mathematically sound
basis. At one time physical theory was all
built on mathematics that was inherently

sound. I do not say that phys’cists alivavs
use sound mathematics; they often use
unsound steps in their calculations. But
previously when they did so it was
simplv because of, one might say, lazi-
ness. They wanted to get results as
quickly as possible without doing un-
necessary work. It was always possible
for the pure mathematician to come
along and make the theory sound by
bringing in further steps, and perhaps by
introducing quite a lot of cumbersome
notation and other things that are desir-
able from a mathematical point of view
in order to get everything expressed
rigorously but do not contribute to the
physical ideas. The earlier mathematics
could always be made sound in that way,
but in the renormalization theory we
have a theory that has defied all the at-
tempts of the mathematician to make it
sound. I am inclined to suspect that the
renormalization theory is something that
will not survive in the future, and that
the remarkable agreement between its
results and experiment should be looked
on as a fluke.

This is perhaps not altogether surpris-
ing, because there have been similar
flukes in the past. In fact, Bohr’s elec-

ds® = c*dt® - dx® - dy? — dz?

FOUR-DIMENSIONAL SYMMETRY introduced by the special theory of relativity is not
quite perfect. This equation is the expression for the invariant distance in four-dimensional
space-time. The symbol s is the invariant distance; ¢, the speed of light; ¢, time; x, y and z,
the three spatial dimensions. The d’s are differentials. The lack of complete symmetry lies
in the fact that the contribution from the time direction (c2dt?) does not have the same
sign as the contributions from the three spatial directions (— dx2, — dyZand — dz*).

(et + &) o= [~ 2mlam + 57 + 52) | v

SCHRODINGER’S FIRST WAVE EQUATION did not fit experimental results because it
did not take into account the spin of the electron, which was not known at the time. The
equation is a generalization of De Broglie’s equation for the motion of a free electron. The
symbol e represents the charge on the electron; i, the square root of minus one; h, Planck’s
constant; r, the distance from the nucleus; i, Schrédinger’s wave function; m, the mass of
the electron. The symbols resembling sixes turned backward are partial derivatives.

L bt (Gf 0?
8rm’m \ 9x?

SCHRODINGER’S SECOND WAVE EQUATION is an approximation to the original

equation, which does not take into account the refinements that are required by relativity.
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tron-orbit theory was found to give very
good agreement with observation as long
as one confined oneself to one-electron
problems. I think people will now say
that this agreement was a fluke, because
the basic ideas of Bohr’s orbit theory
have been superseded by something
radically different. I believe the suc-
cesses of the renormalization theory will
be on the same footing as the successes
of the Bohr orbit theory applied to one-
electron problems.

rI‘he renormalization theory has re-
moved some of these Class Two dif-
ficulties, if one can accept the illogical
character of discarding infinities, but it
does not remove all of them. There are
a good many problems left over concern-
ing particles other than those that come
into electrodynamics: the new particles—
mesons of various kinds and neutrinos.
There the theory is still in a primitive
stage. It is fairly certain that there will
have to be drastic changes in our funda-
mental ideas before these problems can
be solved.

One of the problems is the one I have
already mentioned about accounting for
the number 137. Other problems are
how to introduce the fundamental length
to physics in some natural way, how to
explain the ratios of the masses of the
elementarv particles and how to explain
their other properties. I believe separate
ideas will be needed to solve these dis-
tinct problems and that they will be
solved one at a time through successive
stages in the future evolution of physics.
At this point I find myself in disagree-
ment with most physicists. They are in-
clined to think one master idea will be
discovered that will solve all these prob-
lems together. I think it is asking too
much to hope that anyone will be able to
solve all these problems together. One
should separate them one from another
as much as possible and try to tackle
them separately. And 1 believe the fu-
ture development of physics will consist
of solving them one at a time, and that
after any one of them has been solved
there will still be a great mystery about
how to attack turther ones.

I might perhaps discuss some ideas
I have had about how one can possibly
attack some of these problems. None of
these ideas has been worked out very
far, and I do not have much hope for any
one of them. But I think they are worth
mentioning briefly.

One of these ideas is to introduce
something corresponding to the luminif-
erous ether, which was so popular among
the physicists of the 19th century. I said
earlier that physics does not evolve back-



ward. When I talk about reintroducing
the ether, I do not mean to go back to
the picture of the ether that one had in
the 19th century, but I do mean to intro-
duce a new picture of the ether that will
conform to our present ideas of quantum
theory. The objection to the old idea of
the ether was that if you suppose it to
be a fluid filling up the whole of space,
in any place it has a definite velocity,
which destroys the four-dimensional
symmetry required by Einstein’s special
principle of relativity. Einstein’s special
relativity killed this idea of the ether.

But with our present quantum theory
we no longer have to attach a definite
velocity to any given physical thing, be-
cause the velocity is subject to uncer-
tainty relations. The smaller the mass of
the thing we are interested in, the more
important are the uncertainty relations.
Now, the ether will certainly have very
little mass, so that uncertainty relations
for it will be extremely important. The
velocity of the ether at some particular
place should therefore not be pictured as
definite, because it will be subject to un-

certainty relations and so may be any-
thing over a wide range of values. In that
way one can get over the difficulties of
reconciling the existence of an ether with
the special theory of relativity.

There is one important change this
will make in our picture of a vacuum. We
would like to think of a vacuum as a
region in which we have complete sym-
metry between the four dimensions of
space-time as required by special relativ-
ity. If there is an ether subject to uncer-
tainty relations, it will not be possible to
have this symmetry accurately. We can
suppose that the velocity of the ether is
equally likely to be anything within a
wide range of values that would give the
symmetry only approximately. We can-
not in any precise way proceed to the
limit of allowing all values for the veloc-
ity between plus and minus the velocity
of light, which we would have to do in
order to make the symmetry accurate.
Thus the vacuum becomes a state that is
unattainable. I do not think that this is a
physical objection to the theory. It would
mean that the vacuum is a state we can
approach very closely. There is no limit
as to how closely we can approach it,
but we can never attain it. I believe
that would be quite satisfactory to the
experimental physicist. It would how-
ever, mean a departure from the notion
of the vacuum that we have in the
quantum theory, where we start off with
the vacuum state having exactly the
svmmetry required by special IeldthItV

That is one idea for the development
of physics in the future that would

ERWIN SCHRODINGER (1887-1961) devised his wave equation by extending De Broglie’s
idea that waves are associated with particles to the electrons moving around the nucleus.
This photograph was made in 1929, four years after he had published his second equation.

change our picture of the vacuum, but
change it in a way that is not unaccept-
able to the experimental physicist. It has
proved difficult to continue with the
theory, because one would need to set up
mathematically the uncertainty relations
tor the ether and so far some satisfactory
theory along these lines has not been dis-
covered. If it could be developed satis-
tactorily, it would give rise to a new kind
of field in physical theory, which might
help in explaining some of the elemen-
tary particles.

\nother possible picture T should like
£\ to mention concerns the (uestion of
why all the electric charges that are ob-
served in nature should be multiples of
one elementary unit, e. Why does one
not have a continuous distribution of
charge occurring in nature? The picture
I propose goes back to the idea of
Faradav lines of force and involves a
development of this idea. The Faradav
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lines of force are a wayv of picturing elec-
tric fields. If we have an electric field in
any region of space, then according to
Faraday we can draw a set of lines that
have the direction of the electric field.
The closeness of the lines to one another
gives a measure of the strength of the
field—they are close where the field is
strong and less close where the field is
weak. The Faraday lines of force give
us a good picture of the electric field in
classical theory.

When we go over to quantum theory,
we bring a kind of discreteness into our
basic picture. We can suppose that the
continuous distribution of Faraday lines
of force that we have in the classical pic-
ture is replaced by just a few discrete
lines of force with no lines of force be-
tween them.

Now, the lines of force in the Faraday
picture end where there are charges.
Therefore with these quantized Faraday
lines of force it would be reasonable to
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suppose the charge associated with each
line, which has to lie at the end if the
line of force has an end, is always the
same (apart from its sign), and is al-
ways just the electronic charge, — e or
+ e. This leads us to a picture of discrete
Faraday lines of force, each associated
with a charge, — e or + e. There is a di-
rection attached to each line, so that the
ends of a line that has two ends are not
the same, and there is a charge + e at
one end and a charge — e at the other.
We may have lines of force extending to
infinity, of course, and then there is no
charge.

If we suppose that these discrete
Faraday lines of force are something
basic in physics and lie at the bottom of
our picture of the electromagnetic field,
we shall have an explanation of why
charges always occur in multiples of e.
This happens because if we have any
particle with some lines of force ending
on it, the number of these lines must be
a whole number. In that way we get
a picture that is qualitatively quite rea-
sonable.

We suppose these lines of force can

WERNER HEISENBERG (1901-
dinger theory, accourted for the motions of the electron. This photograph was made in 1929.
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move about. Some of them, forming
closed loops or simply extending from
minus infinity to infinity, will correspond
to electromagnetic waves. Others will
have ends, and the ends of these lines
will be the charges. We may have a line
of force sometimes breaking. When that
happens, we have two ends appearing,
and there must be charges at the two
ends. This process—the breaking of a line
of force—would be the picture for the
creation of an electron (e~) and a posi-
tron (e*). It would be quite a reason-
able picture, and if one could develop it,
it would provide a theory in which e
appears as a basic quantity. I have not
yet found any reasonable system of equa-
tions of motion for these lines of force,
and so I just put forward the idea as a
possible physical picture we might have
in the future.

There is one very attractive feature
in this picture. It will quite alter the
discussion of renormalization. The re-
normalization we have in our present
quantum electrodynamics comes from
starting off with what people call a bare
electron—an electron without a charge

) introduced matrix mechanics, which, like the Schro-
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onit. Ata certain stage in the theory one
brings in the charge and puts it on the
electron, thereby making the electron
interact with the electromagnetic field.
This brings a perturbation into the equa-
tions and causes a change in the mass of
the electron, the Am, which is to be
added to the previous mass of the elec-
tron. The procedure is rather roundabout
because it starts off with the unphysical
concept of the bare electron. Probably in
the improved physical picture we shall
have in the future the bare electron will
not exist at all.

Now, that state of affairs is just what
we have with the discrete lines of force.
We can picture the lines of force as
strings, and then the electron in the pic-
ture is the end of a string. The string it-
self is the Coulomb force around the
electron. A bare electron means an elec-
tron without the Coulomb force around
it. That is inconceivable with this pic-
ture, just as it is inconceivable to think of
the end of a piece of string without think-
ing of the string itself. This, I think, is the
kind of way in which we should try to
develop our physical picture—to bring in
ideas that make inconceivable the things
we do not want to have. Again we have a
picture that looks reasonable, but I have
not found the proper equations for de-
veloping it.

I might mention a third picture with
which I have been dealing lately. It
involves departing from the picture of
the electron as a point and thinking of
it as a kind of sphere with a finite size.
Of course, it is really quite an old idea
to picture the electron as a sphere, but
previously one had the difficulty of dis-
cussing a sphere that is subject to ac-
celeration and to irregular motion. It
will get distorted, and how is one to deal
with the distortions? I propose that one
should allow the electron to have, in
general, an arbitrary shape and size.
There will be some shapes and sizes in
which it has less energy than in others,
and it will tend to assume a spherical
shape with a certain size in which the
electron has the least energy.

This picture of the extended electron
has been stimulated by the discovery of
the mu meson, or muon, one of the new
particles of physics. The muon has the
surprising property of being almost iden-
tical with the electron except in one
particular, namely, its mass is some 200
times greater than the mass of the elec-
tron. Apart from this disparity in mass
the muon is remarkably similar to the
electron, having, to an extremely high
degree of accuracy, the same spin and
the same magnetic moment in propor-
tion to its mass as the electron does. This



leads to the suggestion that the muon
should be looked on as an excited elec-
tron. If the electron is a point, picturing
how it can be excited becomes quite
awkward. But if the electron is the most
stable state for an object of finite size,
the muon might just be the next most
stable state in which the object under-
goes a kind of oscillation. That is an idea
I have been working on recently. There
are difficulties in the development of this
idea, in particular the difficulty of bring-
ing in the correct spin.

have mentioned three possible ways

in which one might think of develop-
ing our physical picture. No doubt there
will be others that other people will
think of. One hopes that sooner or later
someone will find an idea that really fits
and leads to a big development. I am
rather pessimistic about it and am in-
clined to think none of them will be good
enough. The future evolution of basic
physics—that is to say, a development
that will really solve one of the funda-
mental problems, such as bringing in the
fundamental length or calculating the
ratio of the masses—may require some
much more drastic change in our physi-
cal picture. This would mean that in our
present attempts to think of a new physi-
cal picture we are setting our imagina-
tions to work in terms of inadequate
physical concepts. If that is really the
case, how can we hope to make progress
in the future?

There is one other line along which
one can still proceed by theoretical
means. It seems to be one of the funda-
mental features of nature that funda-
mental physical laws are described in
terms of a mathematical theory of great
beauty and power, needing (uite a high
standard of mathematics for one to un-
derstand it. You may wonder: Why is
nature constructed along these lines?
One can only answer that our present
knowledge seems to show that nature is
so constructed. We simply have to accept
it. One could perhaps describe the situa-
tion by saying that God is a mathema-
tician of a verv high order, and He used
very advanced mathematics in construct-
ing the universe. Our feeble attempts at
mathematics enable us to understand a
bit of the universe, and as we proceed
to develop higher and higher mathe-
matics we can hope to understand the
universe better.

This view provides us with another
way in which we can hope to make ad-
vances in our theories. Just by studying
mathematics we can hope to make a
guess at the kind of mathematics that
will come into the phvsics of the future.

LINES OF FORCE in an electromagnetic field, if they are assumed to be discrete in the
quantum theory, suggest why electric charges always occur in multiples of the charge of the
electron. In Dirac’s view, when a line of force has two ends, there is a particle with charge
— e, perhaps an electron, at one end and a particle with charge -4 e, perhaps a positron, at
the other end. When a closed line of force is broken, an electron-positron pair materializes.

A good many people are working on the
mathematical basis of quantum theory,
trying to understand the theory better
and to make it more powerful and more
beautiful. If someone can hit on the
right lines along which to make this de-
velopment, it may lead to a future ad-
vance in which people will first discover
the equations and then, after examining
them, gradually learn how to apply
them. To some extent that corresponds
with the line of development that oc-
curred with Schrodinger’s discovery of
his wave equation. Schrédinger discov-
ered the equation simply by looking for
an equation with mathematical beauty.
When the equation was first discovered,
people saw that it fitted in certain ways,
but the general principles according to
which one should apply it were worked
out only some two or three years later. It
may well be that the next advance in
physics will come about along these
lines: people first discovering the equa-
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tions and then needing a few years of
development in order to find the physical
ideas behind the equations. My own be-
liet is that this is a more likely line of
progress than trying to guess at physical
pictures.

Of course, it may be that even this line
of progress will fail, and then the only
line left is the experimental one. Experi-
mental physicists are continuing their
work uite independently of theory, col-
lecting a vast storehouse of information.
Sooner or later there will be a new
Heisenberg who will be able to pick out
the important features of this informa-
tion and see how to use them in a way
similar to that in which Heisenberg used
the experimental knowledge of spectra
to build his matrix mechanics. It is in-
evitable that physics will develop ulti-
mately along these lines, but we mav
have to wait (uite a long time if people
do not get bright ideas for developing
the theoretical side.
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MOIRE PATTERNS

T,hey are 1)1'0(][1(‘6(1 when ﬁgures with periodi(; 1'ulings are

made to O\ferlap. A study of their basic properties reveals

that they can lummate many problems of scientific interest

fhen one looks through a win-

dow screen that happens to be

in front of another window

screen, one sees a curious pattern that
results from a combination of the lines
in the two screens. Such patterns are
called moirés, and they are produced
whenever two periodic structures are
overlapped. Moiré is the French word
for “watered”; in English it is most fre-
quently heard in the term “moiré silk,”
a fabric that has a shimmering appear-
ance resembling the reflections on the
surface of a pool of water. Authentic
moiré silk (moiré antique) is produced
from a glossy fabric with a pronounced
weave of parallel cords. The fabric is

by Gerald Oster and Yasunort Nishijima

folded so that the cords are nearly
aligned and the two layers are pressed
so as to engrave the parallel weave of
one onto that of the other. When the
material is unfolded, it displays a moiré
pattern due to the superposition of
slightly misaligned parallel lines.

Moiré patterns are nowhere more fa-
miliar in daily life than they are in
Japan. They appear not only in moiré
silks (which were made in the Orient
long before they were known in France)
but also in two-plv summer kimonos, the
pattern of which shimmers with the
movements of the wearer, in woven
baskets and in the overlapping layers of
half-raised bamboo blinds. Such pat-

MOIRE ANTIQUE is the authentic form of moiré, or “watered,” silk in which the pattern
is formed by doubling over a glossy corded fabric and pressing the facing surfaces together.
When the fabric is unfolded, the superpositioning of two ribbed patterns creates the moiré.
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terns have long fascinated the authors of
this article, and we recently undertook
to investigate their fundamental prop-
erties. As we looked into the matter we
soon realized that moiré patterns could
be exploited for a number of practical
purposes in the laboratory and else-
where. It is our impression that a sys-
tematic exploration of the moiré phe-
nomenon and its potential uses would
be highly rewarding.

Most moiré patterns are generated by
figures that consist of lines, but lines
are not strictly necessary. The only gen-
eral 1'equi1'ement for a moiré pattern
is that the interacting figures have some
sort of solid and open regions. The solid
regions can be lines (straight, curved or
wiggly), dots or any other geometric
form. Most of this discussion, however,
will be limited to moiré patterns result-
ing from lines, either straight or curved.

In the typical moiré pattern the moiré
effect two sets of
straight lines are superposed so that they
intersect at a small angle [see top illus-
tration on opposite page]. If the super-
posed lines are nearly parallel, a tiny
displacement of one of the figures will
give rise to a large displacement in the
elements of the moiré pattern. In other
words, the displacement is magnified.
This phenomenon has far-reaching im-
plications in many disciplines of science.
For example, we have developed a
system of lensless optics in which the
bending of light by the object under
examination causes a large change in
the resulting moiré pattern.

A moiré pattern can be regarded as
the mathematical solution to the inter-
terence of two periodic functions; hence
the moiré technique can be used as an
analogue computer. When line figures
representing functions are
moved about in a continuous manner,

materializes when

periodic



SIMPLE MOIRE PATTERN appears when one set of equally identical set. Small changes in the angle of intersection of the two
spaced straight lines is made to intersect at a small angle with an figures produce large changes in the spacing of the moiré fringes.

MOIRE COMPOSED OF BEATS is produced from nonintersect- of another. Because moiré beats magnify small displacements they
ing parallel lines when the spacing of one set differs from that quickly reveal whether or not two sets of rulings are identical.
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GAUSSIAN CURVES can be created by overlapping one set of
lines of equal spacing (top) with a second set of lines whose spac-
ings are derived from a Gaussian curve (second from top). The

second figure is made by drawing a set of equally spaced vertical
lines (not shown) through a Gaussian curve and then drawing
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slanting parallel lines through the points where the vertical lines
intersect the curve. When the resulting set of rulings is placed over
the regular rulings, a series of Gaussian curves is reproduced in
a moiré pattern (lower left). Reducing the angle of intersection
between the two figures steepens the curvature (lower right).
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the resulting moiré patterns provide a
continuous series of curves correspond-
ing to the solutions of mathematical
problems [see illustrations on cover and
on opposite page]. If more than two
figures are used, one can obtain with
no effort a moiré pattern containing the
solution to a multifunctional problem.
The use of moiré techniques in this way
would be applicable to complex prob-
lems involving electromagnetic radia-
tion, acoustical waves or water waves.

The simplest form of moiré pattern
A arises from the parallel superposition
of two sets of equidistant parallel lines.
This kind of pattern is represented bv
the moving bands one may see when one
drives over a bridge at the side of which
are two parallel railings consisting of
vertical bars. To the observer the spaces
between the bars of the nearer railing
appear to be somewhat larger than those
between the bars of the farther one.
Whenever one bar in the nearer railing
catches up with and fills a space in the
other railing, a beat is observed. This is
demonstrated in the bottom illustration
on page 55, in which a beat occurs when
a line of one figure falls exactly between
two lines of the other figure. When the
lines are not wide enough to fill a space
completely, a beat is produced by an ap-
parent broadening of the lines as the two
figures move out of phase. It is obvious
that the more closelv the two sets of
rulings match each other, the farther
apart the beats are. Thus if the rulings
are a millimeter apart but one set is in
error in every spacing by one micron
(.001 millimeter), the beat will occur
everv meter. Hence the moiré pattern
represents an enormous magniﬁcation
(in this case a million times) of the dif-
terence in length of the spacings. This
svstem provides an extremely sensitive
means of visually detecting minute dif-
ferences in almost identical repeating
figures.

As long ago as 1874 the British physi-
cist Lord Rayvleigh suggested that moiré
patterns could be used to test the per-
tection of ruled diffraction gratings. In
recent vears the technique has been ex-
tensively employed, notably at the Na-
tional Physical Laboratory in England,
to test the fidelity of the replica tech-
nique for making inexpensive diffraction
gratings for optical monochromators. By
placing the plastic replica over the origi-
nal grating one can immediately see any
periodic errors made by the ruling en-
gine or any distortions resulting from the
production of the replica.

An interesting effect can be produced
by taking two rulings that differ slight-
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MOIRE ON COVER was made by overlapping two identical sets of ruled figures derived
from a Gaussian curve, similar to the figure second from the top on the opposite page. This
sequence shows how the complex pattern on the cover emerges when the two figures are
rotated from a position 90 degrees out of phase (top left) until they are almost aligned.
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MOIRE ROTATION results when optical lenses are placed on a ruled plate and observed
through a similar plate. The larger lens, being positive (convergent), contracts the bottom
ruling ; the smaller lens, being negative (divergent), expands it. Consequently the moirés are
rotated in opposite directions. A wavy moiré indicates that the lens contains aberrations.

57
© 1963 SCIENTIFIC AMERICAN, INC



MOIRE CREATED BY TWO CRYSTALS appears in this remarkable electron micrograph
made by V. F. Holland of the Chemstrand Research Center, Inc., in Durham, N.C. The pic-
ture shows a crystal of polyethylene grown on a layer crystal of the same polymer. The
moiré appears because the atomic lattices of the two crystals happen to be in almost direct
alignment; the closer the alignment, the wider the spacing between the moiré fringes.

ly in line spacing and moving them with
respect to each other. What one sees is
a moiré beat that moves much faster
than the rulings themselves. The beat is
analogous to the beat produced by two
waves of slightly different wavelength
moving in the same direction. It is evi-
dent that the beat can move faster than
the individual waves. For example, the
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beat produced by a collection of light
waves forms a wave packet whose
“group velocity” exceeds that of light it-
self. In quantum mechanics such wave
packets play an important role in the
theory of atomic structure.

Recently moiré patterns produced by
stationary beats have been observed in
electron micrographs of crystals. To ob-
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tain these patterns one must place a thin
crystal atop another of the same mate-
rial; if the crystals are of substantial
thickness, the beam energy of the instru-
ment must be several times higher than
the voltage of conventional electron mi-
croscopes. The extra voltage is needed to
penetrate the crystals, and the moiré
patterns appear only when the lattices
of the two crystals happen to be nearly
superposed. The patterns represent the
interference occurring when the elec-
trons pass through two almost perfectly
matched lattices formed by the atoms in
the two crystals. These patterns supply
far more detail than can be seen in ordi-
nary electron micrographs [see illustra-
tion at left].

Since the moiré pattern arises from
the repeating structure of the crystal,
any dislocation that disturbs this regu-
larity will be manifested in the pattern.
The magnification implicit in the moiré
pattern makes it possible to see disloca-
tions that amount to less than the diam-
eter of an individual atom, or less than
one angstrom unit (.01 millionth of a
centimeter). This is a factor of 100 or
1,000 better than the resolving power of
the electron microscope itself.

Another aid to crystallography may
result from using moiré patterns to solve
complex equations. In X-ray diffraction
studies X rays are deflected by planes of
atoms in a crystal, and the deflected
wavelets are recorded photographically.
Where wavelets reinforce one another
the plate is blackened, and where they
cancel one another the plate remains
clear. The crystallographer’s problem is
to deduce from such black and white
patterns the location of atoms in the
crystal. For any given image there are
many possible solutions because the
phase relations of the waves forming the
image are unknown. This simply means
that one does not know, in the case of a
given wave, whether the plate is record-
ing the crest of the wave or the trough.
It is easy to show mathematically that
trying out different phase relations, in
seeking a solution to the crystal struc-
ture, is equivalent to shifting the relation
of two periodic figures to form a moiré
pattern. In this case the patterns are
those formed when the rulings cross at
a small angle. The great value of using
moiré patterns for this purpose is that
one can continuously vary the specifica-
tions of the moiré system, thereby ob-
taining a near infinity of solutions. The
correct solution to a crystal-structure
problem is one that satisfies all the
known restrictions on the way atoms
may be fitted together.



Moiré patterns can be used to demon-
strate and measure an interestin& prop-
ertv of crystals. All crystals except cubic
ones exhibit more than one refractive in-
dex. For example, a rhomb of calcite has
two refractive indexes, one correspond-
ing to the “ordinarv” ray (which passes
straight thlough the crystal) and the
other to the “extraordinarv” rav (which
is bent in passage). Each ray bends dif-
terent wavelengths of light by different
amounts. If a thomb of calcite is placed
between two sets of parallel rulings and
illuminated with white light, the extra-
ordinary rav will generallv produce a
colored moiré pattern. (Although the
color is easily seen, it is difficult to show
photographically.) The color will not
appear, however, when the lines of the
ruling nearest the observer lie along the
line connecting the points of emergence
of the two ravs.

—- - =— NEGATIVE

If the rhomb of calcite is placed on
a single plate that is inscribed with con-
centric circles instead of straight lines,
the overlapping figures produced by the
two ravs glve rise to moiré patterns con-
sisting of hyperbolas. The hyperbolas
result from the intersection of overlap-
ping circles and therefore depend on the
center-to-center distances of the figures.
Thus by counting the number of hyper-
bolas one can determine the relative dis-
placements caused by the ordinary and
extraordinary rays and hence the differ-
ence in 1ef1act1ve index of the two rays.
This difference is called the birefrin-
gence of the crystal.

ln another class of applications moiré

patterns provide immediate visible
evidence of transient changes in a medi-
um placed between two sets of rulings.
The technique is much simpler than

RULED

RULED
PLATE

PLATE

SPECIMEN

GLASS SLIDE

LIGHT SOURCE

LENSLESS MOIRE MICROSCOPE has been devised by the au-
thors. It employs two precisely aligned ruled plates, one the nega-
tive of the other, that totally block light from a point source. If a
transparent specimen is placed in the light beam, it bends the rays

(right).
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those customarily emploved, which re-
quire complex optlcal systems of either
the interference or the schlieren type.
Suppose, for example, that one would
like to follow the rate at which some
compound, say sugar, dissolves in a lig-
uid medium. A flat-sided vessel of the
liquid is placed between two sets of rul-
ings, which are adjusted to produce a
moiré pattern. A piece of sugar is then
suspended in the liquid. As it dissolves
it changes the refractive index of the
liquid in its immediate vicinity and the
changed index causes a proportional
bending of the light rays passing through
the vessel. The bending in turn distorts
the moiré pattern [see illustration on
page 63]. The distortion in the pattern
is related in a direct and simple wav
to the change in refractive index. The
moiré technique could readily be ap-
plied to many laboratory plocedmes

IHII\\\

according to local variations in its refractive index, thereby making
some of the light spill around the ruling of the top plate (left).
Viewing the top plate, one sees a bright moiré on a dark background
The moiré is a refractive-index map of the specimen.
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MOIRES BASED ON CIRCLES can provide models of many phys-
ical phenomena, such as the figures created when two waves are

such as ultracentrifugation, diffusion and
electrophoresis, that require a continu-
ous monitoring of changes in refractive-
index gradients. The size and shape of
proteins, nucleic acids and other giant
molecules are commonly calculated by
combining diffusion and sedimentation
rates, which are derived by plotting
such gradients.

A related use of moiré patterns would
be in the examination of biological speci-
mens that have refractive indexes close

to that of water. By the use of a suitable
apparatus the refractive-index gradient
of the specimen can be made to show
up as a bright moiré pattern on a black
background. An apparatus in which the
specimen is illuminated by a divergent
beam of light from a point source would
constitute a lensless microscope [see il-
lustration on preceding page].

A further use of the same principle
provides a quick means for testing
lenses. The lens to be examined is placed

generated in phase from different centers. The set of circles at the
left provides the basis for the three patterns shown in subsequent

between two sets of rulings. A positive
(convergent) lens magnifies the moiré
pattern; a negative (divergent) lens re-
duces it. Positive and negative lenses
rotate the moiré in opposite directions,
and the angle over which the pattern is
turned is proportional to the focal length
of the lens. If the lens contains distor-
tions, it will bend the lines of the moiré
pattern. If it contains chromatic aberra-
tions, the moiré pattern will exhibit color
fringes. With little more difficulty one

FRESNEL-RING MOIRES are based on the “Fresnel zone plate”
(far left), in which the area of every ring, whether open or filled,
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equals the area of the center spot. When two zone plates are
overlapped, the moiré consists of a series of straight lines (second
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panels. As the two sets of overlapping circles are moved apart, the These moirés duplicate the interference patterns produced when
number of radiating moiré bars (actually hyperbolas) increases. light waves from a common source pass through two pinholes.

can evaluate combinations of two or are moved. In fact, a single figure con- can be used to obtain an exact mathe-
more lenses. An extension of the method  sisting of concentric circles will produce  matical solution of the interference of
could be used to design lenses without  moiré afterimages in the eye and appear  light waves. They have already helped
the need for complicated mathematical  to revolve if the figure is moved slightly  to solve problems of architectural acous-

computations. while being observed. Interacting circu-  tics and even to design breakwaters for
lar patterns provide a model for many  harbors.
\ Iany novel moiré patterns can be pro-  physical phenomena, such as the electro- If concentric-ring patterns are drawn

duced by figures containing circu-  static fields formed by two electrically  in a special way, the resulting moiré pat-
lar patterns. When two sets of concen-  charged poles or the interference pat- tern will be a series of straight lines. To
tric circles are placed together slightlv  terns produced when light from a point  get this rather unexpected result one
off center, remarkable moiré patterns ap-  source passes through two adjacent pin-  must use ring figures called Fresnel zone
pear that change rapidly as the circles  holes in a screen. In fact, moiré patterns  plates. The plates are made by spacing
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from left). When a grid of straight lines is placed over a zone plate, when a second series of straight lines is placed at right angles
the moiré pattern replicates the zone plate (third from left). And to the first, the Fresnel zone plate is replicated again (fourth).
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MOIRE MAGNIFICATION can be simply demonstrated with other without producing a moiré, they must intersect at a fairly
the aid of “halftone” screens used by engravers. The photographs large angle (top left) . If the angle is reduced, a moiré of small dots
in this magazine are reproduced with a screen containing 110 dots appears (top right) . As the angle is reduced further, the dot pattern
to the inch. If two such screens are to be printed one atop the moiré is increasingly magnified, as shown in the two bottom figures.
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ANALYSIS OF DISORDERLY PATTERNS can be carried out of order will appear when the pattern is made to interact with a
with the aid of the moiré technique. If the pattern is not wholly set of parallel lines rotated at various angles. The background pat-
random, such as that in the background above, a certain amount tern suggests the arrangement of long-chain molecules in a plastic.
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concentric circles so that the areas be-
tween them are constant; alternate areas
are then blacked out. When two such
plates are superposed, the moiré pattern
of straight lines materializes [see right-
hand illustration at bottom of page 60].
If a plate consisting of straight lines is
placed over one Fresnel zone plate, the
result is a moiré pattern composed of a
series of zone plates.

Moiré patterns can be readilv created
with two screens consisting of a regular
pattern of fine dots. Such screens, hav-
ing anywhere from 50 to 150 dots per
inch, are used bv photoengravers to
make “halftone” reproductions and are
called halftone screens. It is not sur-
prising that moiré patterns sometimes
plague the printer whenever he is
obliged to print two or more halftone im-
pressions one atop the other, which he
must do in making multicolored repro-
ductions. To avoid moiré patterns the
engraver’s plates must be carefully posi-
tioned so that the dot patterns inter-
sect at about 30 degrees. One can viv-
idly demonstrate the ability of the
moiré technique to magnify an under-
lying pattern by reducing the angle
of intersection between two halftone
screens, as shown in the illustrations
at the top of the opposite page.

If the underlying screen is distorted
slightly, the distortion will be greatly
magnified. One can use this effect to ad-
vantage as a way to study the strain
induced in some object placed under
stress. The halftone screen could be
printed directly on the object; when
viewed through a second screen, any
distortion would be instantly apparent.

Another simple use of the moiré tech-
nique is for direct observation of a sur-
face containing a periodic pattern. For
example, if a parallel ruled grating is
placed over a woven fabric, the char-
acter of the weave can easily be dis-
cerned. If the pattern is a complex one
with little evident periodicity, the moiré
technique will readily sort out the areas
of regularity [see bottom illustration on
opposite page]. In this sense the moiré
method is a means of establishing cor-
relations among statistical data.

We hope this article has given the
reader some feeling for the fascinating
patterns that can be created by the juxta-
position of inherently simple figures.
However, the patterns themselves—the
moirés—can represent the solutions of
extremely complicated mathematical
problems. It is because moirés provide
simple analogues of complex phenomena
that they have such a wide range of
potential usefulness.

DIFFUSION RATES can be plotted by observing changes in moiré patterns caused by
changes in the refractive index of a solution. These pictures show successive changes in
moiré as a lump of sugar dissolves in a liquid contained between a pair of ruled plates.
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THE LYSOSOME

This small parti(fle acts as the digestive tract of the li\'ing

cell. Tts enzymes dissolve the substances ingested I)y the cell

and under certain circumstances can dissolve the cell itself

he study of the living cell has
I in recent years established an in-
creasingly complete catalogue of
its working parts and identified these
with their functions. The new under-
standing has come from a collaborative
effort of, on the one hand, the cell anat-
omist, whose electron micrographs por-
tray the internal structures of the cell in
almost molecular detail, and, on the oth-
er, the biochemist, who disrupts and
fractionates the cell so that he can ob-
serve the activity of the cellular organ-
elles and their molecular components
in isolation from one another. This con-
current study of structure and function
has shown, for example, that the or-
ganelles called mitochondria conduct
the primary energy transformations of
the cell and that the smaller organelles
called ribosomes are the centers of
enzyme manufacture. The latest addi-
tion to the list of organelles is the lyso-
somes. They serve a function more com-
prehensible in terms of the grosser life
processes of multicelled organisms. The
lysosomes are tiny bags filled with a
droplet of a powerful digestive juice ca-
pable of breaking down most of the con-
stituents of living matter, much as these
constituents are fragmented in the gas-
trointestinal tract of higher animals. In
point of fact, the lysosomes function in
many ways as the digestive system of
the cell.

First identified in rat liver cells in
1955, lysosomes are now known to
occur in many—possibly in all—animal
cells. (It remains to be shown if they
are present in plant cells.) It is sig-
nificant that they are particularly large
and abundant in cells, such as the macro-
phages and the white blood cells, that
are called on to perform especially im-
portant digestive tasks. Lysosome func-
tion and malfunction appear to be in-
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volved in such vital processes as the fer-
tilization of the egg and the aging of
cells and tissues and in certain diseases.
Challenging questions are presented by
the properties of the membrane of the
lysosome, which enable the organelle
to contain enzymes that, on liberation,
are capable of digesting the entire cell.
Indeed, the death and dissolution of the
cell following rupture of the membrane
may play a part in the developmental
processes of some animals and in a num-
ber of degenerative phenomena. This
suggests the possibility that cell “autol-
ysis” might be deliberately promoted or
retarded for therapeutic purposes by the
use of substances affecting the stability
of the lysosome membrane.

Although lysosomes are frequently
above the lower limit of visibility in the
light microscope and are well within the
range of the electron microscope, they
were not discovered by optical methods.
They were undoubtedly seen many
times, but their nature and function
were not recognized until they had been
characterized chemically. The first clue
was provided by a chance observation in
our laboratory at the Catholic University
of Louvain in 1949.

\X]'e had just begun to use the then

newly developed technique of cen-
trifugal fractioration, in which cells are
disrupted in a homogenizer and then
spun in a centrifuge at successively
higher speeds to yield a number of frac-
tions containing organelles of different
types. When isolated in this manner, the
organelles still maintain many of their
functional properties, which can then be
explored by means of biochemical meth-
ods. Our object was to localize in such
fractions certain enzymes involved in
the metabolism of carbohydrates in the
liver of the rat and thereby to determine
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with which cellular structures these
enzymes are associated. The standard
procedure in this work is first to assay the
homogenate of the disrupted cells for
the presence of a given enzyme and then
to look for the activity of the enzyme in
the fractions. Among the enzymes in-
cluded in our routines was the enzyme
called acid phosphatase. This enzyme,
which splits off inorganic phosphate
from a variety of phosphate esters, is
not directly connected with carbohy-
drate metabolism. We included it large-
ly for control purposes.

To our surprise the acid-phosphatase
activity in the homogenate was only
about a tenth of what we had come to
expect from previous assays of prepa-
rations that had been subjected to the
more drastic homogenizing action of a
Waring Blendor. The total of the activi-
ties found in the fractions, about twice
that observed in the homogenate, was
still only a fifth of the expected value.
When the assays were repeated five
days later on the same fractions (they
had been kept in the icebox), the
enzyme activity was much greater in all
the particulate fractions, especially in
the fraction containing mitochondria.
The total activity was now within the
expected range.

Fortunately we resisted the tempta-
tion to discard the first series of results
as being due to some technical error,
and a few additional experiments quick-
ly gave us the clue to the mystery. In
living cells the enzyme is largely or en-
tirely confined within little baglike par-
ticles; the surface membrane of these
particles is able not only to retain the
enzyme inside the particle but also to
resist the penetration of the small mole-
cules of phosphate esters used in the
assay. What we measured in our assays
was only the amount of enzyme that



LYSOSOMES appear as relatively large dark objects in the elec-
tron micrograph above, which shows parts of two rat liver cells
separated by a bile canaliculus. The canaliculus is the light strip
running horizontally through the micrograph; the protuberances
in the canaliculus are microvilli. The oblong body near the six
lysosomes at bottom left is a mitochondrion. The micrograph was
made at the Rockefeller Institute by Henri Beaufay of the Catholic
University of Louvain. The magnification is 26,000 diameters.
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TWO TYPES OF LYSOSOMES in a nephrotic rat kidney cell are
magnified 60,000 diameters in the electron micrograph below:
the kidney-shaped “digestive vacuole” at upper right and the two
round “residual bodies” near the center and at lower left. Lay-
ered structures in the latter are “myelin figures,” probably consist-
ing of undigested fats. Minute black areas in the lysosomes are
lead phosphate precipitated in staining. The micrograph was made
by Alex B. Novikoff of the Albert Einstein School of Medicine.
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CENTRIFUGAL FRACTIONATION separates cells into fractions containing various cell
components. Rapid mechanical rotation of the pestle ruptures the cells, setting the intra-
cellular particles free in the medium. Successive centrifugations of the resulting homoge-
nate produce fractions in which certain cell particles predominate. Steps I through 8 repre-
sent a method developed by W. C. Schneider of the National Institutes of Health. Steps 9
and 10 show a modification developed by the author and his co-workers; the mitochondrial
fraction (Step 6) is sedimented by centrifugation for 10 minutes at 25,000 times gravity.
Numbers associated with the sucrose gradient give density in grams per cubic centimeter.
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either was free in the cell or had escaped
from particles injured by our manipula-
tions. Whereas the Waring Blendor dis-
rupts essentially all the particles, the
gentler homogenizing procedure we had
been using in our fractionation work
ruptured only about 10 per cent of the
particles, thus accounting for the low
result obtained in the original homoge-
nate. Further fractionation released an
additional 10 per cent of the total ac-
tivity from the fractions; the remainder
came out as a result of the aging of the
particles for five days in the refrigerator.

When these observations were trans-
posed to the living cell, they suggested
an interesting means of control of the
enzyme activity. Living cells contain
numerous phosphate esters of great im-
portance to cellular function. Most of
these phosphate compounds can be
broken down by acid phosphatase, and
investigators had often wondered why
this breakdown does not occur in cells
where the enzyme is present in large
amounts. It now appeared from our re-
sults that the protective agent prevent-
ing the enzyme from acting indiscrimi-
nately on all the compounds might be
simply the particle membrane that seg-
regated the enzyme from the rest of the
cell. This possibility, opened up by
chance, was so interesting that we de-
cided to make it the primary objective
of our work.

[/’Y first it was believed that the particles

containing acid phosphatase were
the mitochondria, but later experiments
indicated that they formed a distinct
group, different from both the mito-
chondria and the microsomes on which
most biochemists had been working. It
took several years to establish the
identity of the new particles as a sepa-
rate group. In the meantime the list of
enzymes contained within them began
to grow. The number now stands at more
than a dozen. In common with acid
phosphatase, each new enzyme has
demonstrated its ability to split impor-
tant biological compounds in a slightly
acid medium. Ultimately all the major
classes of biologically active compounds,
including proteins, nucleic acids and
polysaccharides, were shown to be sus-
ceptible to action by the enzymes con-
tained in these particles. As the spec-
trum of activity broadened, we became
the more impressed with the significance
of the new particles and of their sur-
rounding membrane. Considered as a
group, the enzymes present in the par-
ticles could have but one function: a
lytic, or digestive, one. Hence the name
“lysosome” (meaning lytic body) that
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LYSOSOME

LYSOSOME CONCEPT developed by the author is that of a
minute “bag” filled with powerful digestive enzymes. So long as
the lysosome membrane remains intact, digestion of the substrates

we gave to the particles. As for the
membrane, it must act as a shield be-
tween this powerful digestive juice and
the rest of the cell. The digestive proc-
esses, we deduced, must be confined
within the limits of the membrane, and
the substances to be digested must
somehow be taken up in the particles.
Conversely, we were alerted to look for
those pathological or normal conditions
that might lead to the release of the
enzymes inside the cell and the dissolu-
tion of the cell.

It was not until 1955 that the electron
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microscope made its contribution to the
identification of the lysosomes. Working
in collaboration with Alex B. Novikoff
of the Albert Einstein College of Medi-
cine in New York, we obtained our
first electron micrographs of cell frac-
tions containing partially purified lyso-
somes. In addition to known par-
ticles, mostlv mitochondria, the pictures
showed large numbers of characteristic
bodies that had occasionally been ob-
served in intact liver cells and that had
been named “pericanalicular dense bod-
ies.” Their function was quite unknown;

INJURED LYSOSOME

on which these enzymes act is confined within the lysosome. But
when the membrane is ruptured, the enzymes leak out and diges-
tion takes place externally, often resulting in digestion of the cell.

their name signified only their preferen-
tial location in cells along the bile cana-
liculi—the smaller bile ducts—and their
high electron density, or opacity to the
beam of the electron microscope. The
identification of the lysosome activity
with the dense bodies, made provision-
ally at that time, has since been con-
firmed by a variety of techniques.

We hoped that the identification of
the liver lysosomes would lead (uick-
ly to the recognition of the lysosomes in
other cells—much as the characteristic
structure of the mitochondrion makes it
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PURKINJE CELLS in the cerebellum of the pigeon contain lyso-
somes, which appear as tiny dark brown dots. Most of the lyso-
somes are located in the body of the three cells seen here. Single

dendritic processes extending upward from the neurons at left
and right also contain a few lysosomes. The magnification of this
micrograph, which was made by Novikoff, is 1,600 diameters.
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INTRACELLULAR DIGESTION involves lysosomes in various
ways. It is necessary to distinguish four kinds of lysosomes: “stor-
age granules,” digestive vacuoles, residual bodies and “autophagic
vacuoles.” The first three are directly involved in the main diges-
tive process. The storage granule is the original form of the lyso-
some; enzymes in the granule presumably are produced by the
ribosomes (small colored dots) associated with the endoplasmic

AUTOPHAGIC VACUOLE

reticulum, but the origin of the lysosome membrane is unknown.
When the cell ingests substances by endocytic invagination, a
phagosome, or food vacuole, is formed. Several phagosomes may
fuse together, forming a single vacuole. A storage granule or other
lysosome fuses with the phagosome to form a digestive vacuole.
Digestion products diffuse through the membrane into the cell.
The digestive vacuole can continue its digestive activity, gradually

readily distinguishable in any tvpe of
cell. In this we were disappointed. The
lvsosomes come in a bewildering assort-
ment of shapes and sizes, even in a sin-
gle tvpe of cell; they cannot be identi-
fied solely on the basis of their appear-
ance. In the continuing study of lyso-

somes, therefore, the cell physiologist or
biochemist has had to continue to pro-
vide the leads for the cell anatomist and
the electron microscopist.

This polvmorphism of the lvsosomes
is now perfectly understandable: their
digestive activity causes them to be

filled with a varietv of substances and
objects in an advanced state of disin-
tegration, and it is their contents that
determine their shape, size, density and
so on. Nonetheless, the lack of any re-
liable visual criteria has tended to slow
the progress of work in this field. The

LYSOSOME is magnified 63,000 diameters. Gomori staining pre-
cipitated lead phosphate along lysosome membrane. The micro-
graphs on these two pages, all of mouse kidney cells, were made at
the Rockefeller Institute by Fritz Miller of the University of Munich.
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DIGESTIVE VACUOLE from kidney cell of mouse injected four
hours earlier with hemoglobin is magnified 41,000 d .ameters. Lead
phosphate appears along the membrane and in the interior. Dark
gray patches are hemoglobin in the process of being digested.
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accumulating indigestible material until it
becomes a residual body, which may then be
elim;nated by fusion with the cell mem-
brane. The distinguishing feature of the
autophag.c vacuole is the material digested:

parts of the cell itself, such as mitochondria
and portions of the endoplasmic reticulum.

-RESIDUAL BODY

approach used on liver cells has been
followed successfuliy in several other
tissues, but it is a laborious one, usually
requiring a great deal of repetitive work
before one obtains fractions sufficientlv
pure for electron-microscope studies.
Fortunately one of the lysosomal

enzymes—the same acid phosphatase
that led to the discovery of the lysosomes
—lends itself to visual identification. It
can be stained by a method first devel-
oped by the late George Gomori of the
University of Chicago. A slice of tissue
is incubated with a compound suscepti-
ble to the action of the enzyme and with
lead ions present in solution; at the
sites where inorganic phosphate is set
free by the action of the phosphatase,
the phosphate precipitates in the form
of an insoluble lead compound. Because
lead has a high electron density the
compound plainly shows up in electron
micrographs; for visualization in the
light microscope the compound is con-
verted to black lead sulfide. Thus the
enzyme can be localized inside the cell
by means of a precipitated product of
its activity. This technique, particularly
in the hands of Novikoff, has greatly
facilitated the study of lysosomes and
their function in numerous tissues in
both normal and pathological states.

Not all the substances that nurture a
4 cell require digestion by lysosomes.
In higher animals tissue cells receive
most of their nutrients from the blood-
stream in the form of small molecules
absorbed through the cell membrane
and requiring no digestion in the cell.
Some materials, however, are too bulky
for direct absorption and too complex
chemically for immediate utilization.
Objects of this kind must first be “eaten”
and digested. Cells are able to engulf

large molecules and even bodies as big
as bacteria or other cells by a process
now generally referred to as “endocy-
tosis.” A portion of the cell membrane
first attaches itself to the “prey” and then
appears to be sucked inward to form a
small internal pocket containing the
prey. The pocket pinches free from the
cell membrane and drifts off into the cell
interior, now forming a phagosome, as
such bodies have been called by Werner
Straus of the University of North Caro-
lina.

The details of the next step vary
from one type of cell to another, but
thev appear in all cases to involve the
same fundamental mechanism. The
phagosome containing the material to
be digested and a lysosome containing
the digestive enzvmes approach each
other; upon contact their membranes
fuse to form a single larger vacuole.
Digestion then proceeds within the
membrane and the products of digestion
diffuse into the cytoplasm, leaving be-
hind only such remnants as have proved
refractory to attack by the enzymes.
Now that the outlines of the process are
understocd, lvsosomes can be recognized
in various cells at various stages in the
performance of their function, from stor-
age granules for newly svnthesized
enzvmes to digestive vacuoles formed
by fusion with a phagosome and finaily
to bodies containing the residue of pre-
vious digestive events.

In some cells, such as the amoeba and
other protozoa, the residual bodies are
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AUTOPHAGIC VACUOLE contains remnants of mitochondria
from its host cell. The remnants appear as pairs of lines. “Needles”
of lead phosphate were precipitated by the action of acid phos-
phatase, a lysosomal enzyme. The magnification is 55,000 diameters.

RESIDUAL BODY containing a layered collection of undigested
material is enlarged 76,000 diameters. Lead phosphate is deposited
mainly at membrane. The first, third and fourth micrographs on
these two pages are published by permission of Academic Press.
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In some cells, such as the amoeba and
other protozoa, the residual bodies are
eliminated by a kind of endocytosis in
reverse, called defecation. In other cells,
such as liver cells, defecation is slower
or absent; the same digestive vacuoles
are engaged repeatedly or continuously
in digestive activity. After a time they
seem to become charged with increasing
amounts of residues, and this accumula-
tion is believed to play a part in the
aging of such cells.

As James G. Hirsch and Zanvil A.
Cohn of the Rockefeller Institute have
brought out, the cellular eating and di-
gestive processes assume their most
dramatic form in the white blood cells.
These cells seem to spend most of their
short life preparing for a single big
burst of this activity. It has long been
known that at the time the white blood
cell enters the bloodstream it is filled
with large granules; Hirsch and Cohn
have shown that the granules are pack-
ages of digestive enzymes fitting the
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specifications of lysosomes. When the
white cell engulfs a particle such as a
bacterium, the granules can be seen to
disappear one after the other, discharg-
ing their contents into the vacuole con-
taining the ingested particle. Eventually
the cells lose all their granules and are
filled instead with one or more digestive
pockets within which foreign particles
are in process of dissolution. The cells
seem not to recover from this process
and eventually die.

his cycle of events in the cell

matches at each point—ingestion,
digestion and defecation—the process by
which higher animals gain their nutri-
tion. Digestion in both cases takes place
behind a resistant envelope that pro-
tects the rest of the organism from at-
tack by the digestive juices. In higher
animals the resistant envelope forms a
canal open at both ends; in most cells
it surrounds a number of individual
pockets. These are able to mix their con-

40 20

RELATIVE LENGTH OF TAIL (PER CENT)

REGRESSION OF TADPOLE TAIL, in metamorphosis of the South African frog Xenopus
laevis into an adult, is accomplished by lysosomal digestion of cells. As metamorphosis pro-
ceeds the enzyme concentration increases (the absolute amount of enzyme remaining con-
stant). Eventually the stub contains almost nothing but lysosomal enzymes, and it falls
off. Data shown here were obtained by Rudolph Weber of the University of Berne.
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tents and also to exchange matter with
their environment by processes of coales-
cence reminiscent of the fusion of soap
bubbles. Smaller pockets are also seen
to pinch off from bigger ones, but the
envelope always remains impermeably
sealed around each pocket. One can
easily imagine how a more permanent
and continuous tract might, under some
circumstances, evolve from such a flexi-
ble and relatively haphazard system. A
primitive alimentary canal is indeed
found in some single-celled organisms.

There is evidence that some cells may
discharge lysosomal enzymes externally
and use them to destroy surrounding
structures or to open access for them-
selves. It is possible that the osteo-
clasts—bone-destroying cells that, along
with bone-building osteoblasts, are re-
sponsible for the continuous remodeling
of bone tissue—gnaw their way into the
bone by a mechanism of this sort. They
then complete their destructive action
by engulfing bone fragments and digest-
ing them in their lysosomes. It has also
been suggested that in the process of
fertilization spermatozoa may depend
on the release of lysosomal enzymes to
dissolve some of the structures that sur-
round the egg cell. Subsequent changes
in the egg seem in turn to involve the
release of enzymes from the cortical
granules that cover the outer surface of
the cell. As a result the outer layers of
the cell are broken down; a new mem-
brane resistant to such attack is built up
underneath, and the metabolism of the
egg is geared toward division and de-
velopment. According to Jean Brachet
of the Free University of Brussels the
cortical granules may belong to the lyso-
some family. They can also be ruptured
by injury such as the prick of a needle;
hence thedigestive action of thesebodies
may have something to do with par-
thenogenesis: fertilization in which no
sperm enters the egg.

The death of cells, even when it oc-
curs on a large scale, is not necessarily
a disastrous event in the life of a com-
plex organism. Many of the component
cells of the animal body are short-lived;
they die and are replaced by newly
formed cells. This is particularly true of
the blood cells and of those cells that
form the outer layers of the skin and of
the mucous-membrane surfaces of the
body. Cell death even plays a role in
the early molding of the embryo and in
the developmental cycle of some ani-
mals. As first shown by Rudolph Weber
of the University of Berne and recently
confirmed and elaborated by Yves Eeck-
hout in our laboratory at Louvain, when



FORCED FEEDING of Kupffer cells from rat liver was achieved magnified 19,600 diameters, appear as light gray amorphous areas
by injecting rats with Triton WR-1339, a detergent. The lysosomes bounded by single membranes. The dark gray area at bottom cen-
become engorged with the detergent because they cannot digest it. ter is a cell nucleus. The micrograph was made by Pierre Baud-
Triton WR-1339 is transparent to electrons; hence the lysosomes, huin and Robert Wattiaux of the Catholic University of Louvain.

STARVATION caused a number of lysosomes in this cell from a stance without damaging itself irreparably is not known. The lyso-
rat liver to become autophagic vacuoles. That is, parts of the host somes are not stained ; they appear as amorphous collections of ob-
cell (e.g., mitochondria) have found their way into the lysosomes. jects of varying sizes, shapes and shades. The magnification of this
The mechanism that thus enables the cell to feed on its own sub- micrograph, which was made by Beaufay, is about 38,000 diameters.

71
© 1963 SCIENTIFIC AMERICAN, INC




a tadpole tail has been reduced to an
almost invisible stub, it still contains
practically all its original complement
of lysosomal enzymes and little else.

Lysosomal enzymes play their role in
these processes in three different modes.
In the first, white cells and other scaven-
ger cells invariably invade the areas
where cell destruction occurs: the lyso-
somes are there engaged through their
normal digestive function inside the cell.
A second mode, which has been discov-
ered only recently, can be called cellular
“autophagy”: portions of a cell some-
how find their way inside the cell’s own
lysosomes and are broken down. How
the self-engulfment of the cell fragments
takes place is not known. During star-
vation this process apparently enables
the cell to use part of its own substance
for fuel and for the renewal of essential
constituents without doing itself irrep-
arable damage. As in normal endocy-
tosis, autophagy is kept localized by the
limiting membrane.

rI‘he third mode of action involves the

actual rupture of the lysosome mem-
brane inside the cell and the digestion
of the latter as a whole by the released
enzymes. It can be described as a per-
foration of the cellular digestive tract.
Such ruptures take place fairly quickly
in dead cells, in a manner that recalls the
rapid post-mortem putrefaction of the
digestive mucosae in higher animals. It
is obvious that once repair mechanisms
are interrupted the areas most sensitive
to dissolution will be those immediately
adjacent to destructive enzvmes. In the
normal life processes of multicellular
organisms lvsosome rupture following

s

“SUICIDE BAG” is the term coined by the author to describe a
lysosome that releases its complement of enzymes within a normal
cell. The result is autolysis, or cell death by dissolution. It has
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death of a cell may have some value
as a built-in mechanism for the self-
removal of dead cells.

Of considerably greater interest is the
possibility that the autodissolution of
cells may occur as a pathological proc-
cess. Present evidence indicates that the
lvsosome membranes may rupture in
cells suddenly deprived of oxygen or
exposed to cell poisons of certain kinds.
As the enzymes are released they attack
the cell itself, and they may also diffuse
into the surrounding medium, damaging
extracellular structures. Honor B. Fell
and her co-workers at the University of
Cambridge have shown that this is what
happens in the cartilage and bones of
animals receiving excess vitamin A.
Damage by lysosomal enzymes released
from the cells apparently explains the
spontaneous fractures and other lesions
that attend vitamin A intoxication.

Lysosomes can be involved in cell
pathology in still other ways. Cells that
are forced to engulf large amounts of
foreign substances for the digestion of
which they are not equipped will tend
to accumulate such material in their
lvsosomes, possibly to the detriment of
their general health. Plasma substitutes,
such as dextran or polyvinyl pyrrolidone,
have been known to cause this condition.
It could also be involved in silicosis, the
disease that results from the inhalation
of silica dust; the particles of silica may
accumulate in the lysosomes. Normal
substances might accumulate in the same
way if a key digestive enzyme is lacking
in the lysosomes as a result, let us say,
of a genetic abnormality. H. G. Hers of
our department at Louvain recently dis-
covered such a deficiency in the tissues
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of children who had died of a particular-
ly severe form of glycogen-storage dis-
ease; he found that a lysosomal enzyme
that attacks glycogen was missing.

If lysosomes can indeed act as “suicide
bags”™—and we now have good reason
to believe that they can and sometimes
do act in that way—the question arises
as to whether or not their rupture can be
influenced by means of drugs. Two pos-
sibilities come to mind. Agents acting
as stabilizers of the lysosome membrane
could be used to protect cells in a criti-
cal condition. Or substances that weaken
the membrane could be employed to
get rid of undesirable cells (for example
cancer cells) if their action were suffi-
ciently selective and specific.

So far no conscious attempt has been
made to influence lysosomes in either
way. But substances of both kinds are
already known and some were used
therapeutically before their effects on
lvsosomes were discovered. Vitamin A,
in excess, has already been mentioned;
although it is not highly specific, it ap-
pears to act preferentially on connective-
tissue structures. According to recent
studies performed by Lewis Thomas and
Gerald Weissmann of the New York
University School of Medicine, working
in collaboration with the Fell group at
Cambridge, cortisone and hydrocorti-
sone appear to have a stabilizing influ-
ence on the lysosome membrane. This
property may account, at least partly,
for the well-known anti-inflammatory ef-
tects of these drugs. It would seem that
in the individual cell, as in the multi-
cellular organism, the digestive system
occupies a pivotal position both in physi-
ology and in pathology.

heen found that some substances affect the stability of the lyso-
some membrane adversely, thereby increasing the occurrence of
autolysis. Other substances are known to have a stabilizing effect.



Kodalk reports on:

how Bob Sinclair passed the time on the way down ... guidance for the slightly
puzzled shopper... 254,000 square feet, with tailor shop

This camera can also be loaded without
the use of a parachute

The proper thing to do to dramatize a new type of household
camera is to mount a professional movie camera atop your
crash helmet, jump out of an airplane from 7,000 feet with Mr.
Bob Sinclair, and while in free fall with Mr. Sinclair, photo-
graph him for a TV commercial in the act of loading one of
the new cameras.

After Mr. Sinclair is sure the
camera is all set for picture-
taking, he snaps Miss Donna
Abrescia, another former pas-
sengerin the aircraft, on the film
so loaded, with the accompany-
ing result (but in color). Then
ripcords are pulled.

Honest!

While it remains possible and even permissible to purchase film in
rolls, to retire with it to a place of subdued light, and there to thread
the mechanism, such behavior becomes lovably quaint with the advent
of the new KobAK INSTAMATIC Camera demonstrated by Mr. Sinclair.
In “electric-eye” models, the mere act of dropping in a film cartridge
even automatically sets the exposure control for the speed of film con-
tained within. Only in the processing laboratory does the film finally
emerge from its cartridge. INSTAMATIC Camera prices range from less
than $16 upward. See nearby dealer.

Is it an amide? Is it an ether? Does it contain sulfur?

There are some 4100 EastMAN Organic Chemicals. That’s
not really very many, probably less than 19 of all organics
that chemists know well enough to call “chemicals.” Chemists
also recognize that the easy availability which arbitrarily
distinguishes these from the other 99+ 9, is an important
consideration in planning laboratory work. We and the cus-
tomers would love to see the measly 19 raised.

One factor that limits the growth rate of the business (and

hence of the list) is the groping that so many prospective
customers have to do in finding what they want among all the
names we might possibly be calling it. We see no early pros-
pects of licking this problem. It’s even worse for scientific
workers who are not organic chemists and not schooled in
Chemical Abstracts nomenclature, with which for better or
worse we have cast our lot.

With pity for courageous wanderers through the 221 alpha-
betical pages of our catalog (‘““EastMAN Organic Chemicals,
List No. 43”), we have lit a feeble candle. For those who know
nothing whatever of organic chemistry it will shed little light,
but such have no business buying EAsTMAN Organic Chemicals
anyway. This second edition of “EAasTMAN Organic Chemicals
Classified by Functional Groups” (it replaces an earlier candle
of the same name, now sputtered out) is being mailed to all
who automatically receive each new alphabetical catalog and
to anybody else who requests it from Distillation Products
Industries, Rochester 3, N. Y. (Division of Eastman Kodak
Company). Those who do not already have List No. 43 should
say so.

For the customers’ customers’ customers

A little party was held in Kingsport, Tenn. recently to cele-
brate our dedication of 254,000 square feet of laboratory
space. The sober mind can find such affairs dull until, beneath
the mood of innocent self-congratulation appropriate to the
occasion, it sees the situation realistically.

The day-to-day material life of the nation is to be consider-
ably affected from these 254,000 square feet, not surreptitiously
but anonymously for the most part. Eastman Chemical
Products, Inc. (Subsidiary of Eastman Kodak Company lo-
cated there) prefers to see all the credit radiate out to its cus-
tomers, and its customers’ customers, and its customers’ cus-
tomers’ customers. Some of the chains extend out quite long.
Each link draws some reasonable quota of technological
support from the next one inward. An outfit like us, working
the center position, is expected to generate answers on its
own but steal no thunder from manufacturers of swimsuits,
Mars probes, or fudge when they put a product of ours into
theirs.

The newly dedicated acres comprise three laboratories
charged with making this aspect of present-day industrial
society work properly. We don’t call them research labora-
tories, because those are entirely separate and concern them-
selves more with next decade’s business than this one’s. These
service laboratories belong right in the midst of the production
hurly-burly, right where our people who manufacture the
stuff will get themselves wound up in the customer’s problems.
That’s where they have been put.

“The stuff”” includes polyester fibers, acetate fibers, modacrylic
fibers, butyrate plastics, propionate plastics, acetate plastics, poly-
ethylene plastics, polypropylene plastics, polyallomer plastics, a re-
markable adhesive, plasticizers, textile dyes and finishes, lacquer
ingredients, aircraft functional fluids, food-grade antioxidants, rubber
antiozonants, gasoline additives, paper-coating compounds, and tank-
car industrial alcohols, aldehydes, acids and anhydrides, inter alia.
Anybody in a position to order any of this marvelous array of materials
in industrial quantities has the right to see what happens when fair
questions are asked about their use. Phone 615-246-2111.

Incidentally, the new setup includes a tailor shop, which makes
sense, but you wouldn’t want it in a research laboratory.

Price subject to change without notice.

This is another advertisement where Eastman Kodak Company probes at random for mutual
interests and occasionally a little revenue from those whose work has something to do with science
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TIME DIVISION MULTIPLEX
may provide a hetter way-

to run a railroad
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fo automate a_n oilfield ' io monitor a missile

Time Division Multiplex provides, for
many applications, the most economical
way to monitor and control the status of
remote points and to transmit alarm or
control data to a central station. As noted
above, TDM is widely used in such diverse
applications as helping the railroad dis-
patcher keep track of his trains; standing
guard against fire, burglary, and casualty;
controlling pumps and valves at remote
locations; and transmission of launch
control signals.

A simple all-solid-state encoder generates
serial time-coded signals which vary in
duration in accordance with the input in-
formation being monitored. A decoder,
synchronized with the encoder, provides
an information output identical with the
coder input signals. The decoder’s elec-
trical output may be used to operate
lamps, relays, or control circuitry.

The coded information is transmitted
over wires, telephone channels, VHF
radio, or microwave links. Logic circuitry
affords extremely high immunity to noise
and spurious signals, and virtually ex-
cludes improper control function.

For a free illustrated 16-page brochure of
application notes describing the theory
and application of MARC coders and de-
coders for remote control, telemetering,
and data transmission write James B.
Bullock, Vice President.

MOORE ASSOCIATES, INC.

893 American Street/ San Carlos, California
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Appointments

eland J. Haworth, 58, a nuclear physi-
cist and member of the Atomic

Energy Commission for the past
two years, has become the new director
of the National Science Foundation. Pres-
ident Kennedy named him to succeed
Alan T. Waterman, who retired in
March after directing the foundation
throughout the 12 years of its existence.
Before joining the AEC Haworth served
for 13 years as the director of the Brook-
haven National Laboratory.

The President appointed Gerald F.
Tape, 47, to replace Haworth on the
AEC. Tape was deputy director of
Brookhaven for 10 years before he be-
came president last year of Associated
Universities, which operates Brook-
haven and the National Radio Astron-
omy Observatory. His appointment
means that the AEC will continue to
consist of three scientists and two
attorneys.

Vaccines for Measles

ZAfter some nine years of development

and testing, two measles vaccines—
one a live-virus preparation and the
other an inactivated one—are
licensed for use in the U.S. Simultane-
ously with the licensing, a US. Public
Health Service advisory committee has
recommended immunization with one
or the other vaccine for all children over
nine months old without a history of
measles. Of the two vaccines, the live-
virus preparation is expected to have
the wider use, because in more than 95
per cent of measles-susceptible children

now

© 1963 SCIENTIFIC AMERICAN, INC

SGIENGE AND

a single injection of it evokes an anti-
body response equal to that of natu-
ral measles in both level and permanence.
The live vaccine, however, produces a
variety of side effects, including a fever
of 103 degrees or more in 30 to 40 per
cent of children receiving the vaccine;
the side effects are moderated but not
entirely eliminated by concurrent ad-
ministration of gamma globulin. Good
protection is also provided by three in-
jections of inactivated vaccine, but the
duration of protection is in doubt.

Both vaccines make use of a strain
of virus isolated in 1954 by John F.
Enders and Thomas C. Peebles of the
Harvard Medical School and subse-
quently attenuated in Enders’ labora-
tory. Public health workers have eagerly
watched the development of the vac-
cines; measles is more hazardous to the
health of children than most people are
aware. In the U.S., where two million
to four million cases of measles occur
a year, the disease exacts an average
annual toll of 450 lives and leaves sev-
eral times that number of individuals
handicapped by hearing defects and
brain damage. About one case of measles
in 1,000 results in encephalitis; in a
third of these individuals the brain
damage is permanent. Measles is an
even more serious problem among chil-
dren in the less developed areas of the
world, where the fatality rate of the dis-
ease runs as high as 25 per cent.

Science for the Citizen

Scientists concerned about the citizen’s
growing need for sound technical in-
formation on which to base major public
policy decisions have formed a Scien-
tists’ Institute for Public Information.
The institute, which will serve the com-
mon needs of a number of independent
information committees established dur-
ing the past five years, was established
by representatives of 19 such groups,
who held a two-day conference in New
York in February. The new organization
will undertake to handle technical and
publication services for the individual
committees, act as a clearinghouse for
ideas, stimulate the formation of new
committees and hold conferences.
The institute’s founders noted that
the accelerating progress of science calls
for political decisions that cannot be



THE CITIZEN

made unless citizens understand a grow-
ing body of relevant scientific informa-
tion. “Therefore,” they said, “it becomes
the special responsibility of scientists
to serve their fellow citizens by provid-
ing the necessary information in under-
standable form.” This information, they
held, should be unencumbered by politi-
cal or moral judgments that are properly
the concern of all citizens, should cover
divergent studies and interpretations I
and should be freely available to every- :
one. Although the committees have con- |
centrated on questions arising from the |
industrial, medical and military applica-
tions of nuclear energy and radiation,
they may in the future function in other
areas in which scientific data bear on
decisions, such as automation, air and
water pollution, insecticides and prob-
lems of urban life.

Among the 21 members of the insti-
tute’s board of directors are Theodosius
Dobzhansky, Rene J. Dubos and Edward
L. Tatum of the Rockefeller Insti-
tute, Margaret Mead of the American
Museum of Natural History, Warren
Weaver of the Alfred P. Sloan Founda-
tion, Barry Commoner of Washington
University in St. Louis, Russell H. Mor-
gan of the Johns Hopkins Hospital,
Hardin B. Jones of the University of
California, Jason J. Nassau of the Case
Institute of Technology and James P.
Dixon, Jr., president of Antioch College.
Jules Hirsch of the Rockefeller Institute
is chairman of a temporary commit-
tee that will organize the institute and
plan its first year’s activities.

Metamorphism in the Act

;\ mile-deep well near southern Cali-
+ X fornia’s low-lying Salton Sea is pro-
viding geologists with what may be
their first look at the transformation of
sedimentary rock into another major
type of rock: metamorphic. The trans-
formation, one of the major processes in
the evolution of the earth’s crust, re-
quires great heat and pressure and is
believed ordinarily to take place at
depths of 25,000 feet or more. In a hot-
spring area southeast of the Salton Sea,
however, drill cores have revealed what
appear to be new metamorphic rocks
within 5,000 feet of the earth’s surface.

The well, 5,232 feet in over-all depth,
was drilled in 1961 and 1962 to tap

A solar image 33Y% inches in diameter—the world’s largest for a
precise optical system—is studied in the underground observing
room of the Robert R. McMath Solar Telescope, Kitt Peak National
Observatory. Auxiliary optics produce a solar spectrum 70 feet long.

Catching the sun
on the third bounce

The world’s largest solar telescope
bounces the sun’s reflection from
an 80-inch heliostat, down into
the heart of Kitt Peak to a 60-
inch parabolic mirror, and back up
to a 48-inch flat. These three giant
aluminized mirrors achieve a focal
length of 300 feet.

The reflective coating on each of
them is applied and renewed by a
special Stokes metallizing system,
installed at the site. This system
vaporizes aluminum ‘‘staples’’
under high vacuum, depositing a
highly uniform film only a few
millionths of an inch thick on the
mirror surface.

The thinness of this film greatly
reduces the possibility of distortion,
and is one of two keys to the accu-
racy of the reflector system. The
second is the Stokes technique of
ion bombardment from a built-in

glow-discharge system, just before |
flashing. This drives off all con-
taminants and moisture, insuring
excellent adhesion, high brightness
and absolute control over film
thickness. This accuracy is essen-
tial, since the slightest irregularity
would cause major distortions in
the image during its 760-foot travel
from heliostat to observing room.

In solving these exceptionally
demanding requirements, Stokes
once again demonstrates the value
of high vacuum techniques for
varied applications. . .in astron-
omy, astronautics or industry. If
vacuum plays a part in your busi-
ness, whether here on earth or inter-
planetary, we could undoubtedly be
of service to you—for more infor-
mation, contact: Vacuum Equipment
Division, F. J. Stokes Corporation,
Philadelphia 20, Pa.

 STOKES

F. J. STOKES CORPORATION: PHILADELPHIA/TORONTO / LONDON

Leaders in vacuum technology . . .
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SPECTRA-PHYSICS
- a leader in CW Gas Laser technology
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Diffraction pattern produced by monochromatic laser beam illuminating a
pinhole of approximately 500 microns diameter

In January of 1963, a scientist at Spectra-Physics’ laboratories in Mountain View
pushed a button and turned on a light. It was no ordinary light; the yellow-
orange beam was the first 6118A continuous-wave gas laser transition ever
seen by human eye.

In producing this transition, the shortest laser wavelength yet observed,
Spectra-Physics employed a novel technique —
use of an intra-cavity prism to remove all com- {2
peting wavelengths from the cavity resonator "™ " G“ﬂj‘g\
except for the one of interest.’ R

By demonstrated ability to conceive and carry through advanced ideas in laser
technology, Spectra-Physics has become identified as a leader in bringing the
laser to practical reality. Further evidence of Spectra-Physics’ leadership in gas
laser technology includes many more original contributions, such as:

discovery of the first high-gain CW gas laser transition — 3.39 microns,
helium-neon;?

achievement of the highest power CW gas laser output yet observed — over
0.1 watt

Over 70% of all commercial CW gas lasers in use today were developed and
produced by Spectra-Physics

Spectra-Physics offers, in addition to its off-the-shelf gas laser product line,
competent application-oriented research services for systems developers in-
terested in the exploration and application of laser techniques. Write for details.

1. A. L. Bloom, ‘‘Observation of new visible gas
laser transitions by removal of dominance,” Ap-
plied Physics Letters, Vol. 2, No. 5, pp 101,
March 1, 1963.

2. A. L. Bloom, W. E. Bell, and R. C. Rempel,
‘“‘Laser operation at 3.39 microns in a helium-
neon mixture,”” Applied Optics, Vol. 2, No. 3,
pp 317, March 1963.

SPECTRA-PHYSI%?

738 Terra Bella/Mountain View 2/California
(415) 968-4467
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| volcanic heat for power. During the
drilling a superheated brine of remark-
ably high salinity and specific gravity
was encountered. Analysis showed it to
be freighted with more than 33 per cent
of dissolved solids, including unusual
concentrations of potassium, lithium,
iron, lead, silver and other metals. Writ-
ing in Science, Donald E. White of the
U.S. Geological Survey and two asso-
ciates—E. T. Anderson of O’Neill Geo-
thermal, Inc., drillers of the well, and
Donald K. Grubbs, a University of Vir-
ginia student—describe the brine as a
sample, probably man’s first, of an ore-
forming “magmatic” water from the
earth’s interior. Geologists believe that
such waters have been responsible for
the formation of many ore bodies.
Examination of drill cores also pro-
duced a surprise. Cores from between
4,477 and 4,923 feet showed graduallv
increasing density and a progressive
change from soft shales or siltstones to
harder mineruls characteristic of an early
stage of metamorphism. Moreover, the
minerals were bedded horizontally in
the cores, as might be expected of new
metamorphic rock formed in situ, not
old rock uplifted from the depths of the
earth. It has so far proved impossible to
measure the temperature at the bottom
of the hole. White and his associates be-
lieve that it may be as high as 1,290 de-
grees Fahrenheit, perhaps more than
enough under suitable conditions of
pressure to initiate the metamorphic
process and to produce the first samples
of metamorphic rock yet found that are
less than 10 million vears old.

Brightest Galaxies

rl* wo peculiar celestial objects, pre-

- viously thought to be rather bright
stars within our own galaxy, have turned
out to be distant galaxies 10 to 30 times
brighter than any hitherto observed.
This would make them about 100 times
brighter than our galaxy; they are rela-
tively faint only because they are among
the most distant objects known. Conceiv-
ably they are being observed in the early
stages of a titanic explosion.

The two brilliant galaxies belong to a
group of five radio-emitting objects that
are listed in the third Cambridge Cata-
logue of Radio Sources as 3C-48, 3C-
147, 3C-196, 3C-273 and 3C-286.
Radio astronomers at Jodrell Bank in
England determined that all five are
point sources. This is in contrast to the
diffusiveness of most radio sources found
to be associated with optically visible
galaxies. With the aid of the California
Institute of Technology’s twin 90-foot



dish antennas, US. observers assigned |

precise positions to four of the five ob-
jects. Australian radio observers estab-
lished the location of the fifth. Thomas
A. Matthews of Cal Tech superimposed
the positions of the five objects on star
photographs made with Palomar tele-
scopes and found that each coincided
with the position of what seemed to be a
tairly bright star. This in itself was sur-
prising because ordinary stars emit so
little radio energy that the sun is the
only star close enough to be “seen” with
radio telescopes.

The next step was to look at the
optical spectra of the five objects to see
what could be learned of their chemical
and physical nature. The spectra made
no sense; they failed to show any of
the familiar lines of hydrogen or other
elements. Jesse L. Greenstein and Maar-
ten Schmidt of the Mount Wilson and
Palomar Observatories began to doubt
that they were stars at all. If they were
galaxies instead, Greenstein and Schmidt
speculated, they should be receding—as
most galaxies are—and this would show
up as a red shift in their spectra. This
assumption solved the mystery. In the
spectrum of 3C-273 spectral lines indi-
cating the presence of hydrogen, normal-
ly seen in the green and violet regions,
are shifted so far that they are barely
recognizable in the yellow and red re-
gions. Decisive confirmation of the spec-
tral shift was made by John B. Oke
of Mount Wilson and Palomar. The
shift indicates that 3C-273 is receding
at a sixth the speed of light. The red-
shift-distance relation for galaxies indi-
cates that 3C-273 is nearly two billion
light-years away. Unlike other galax-
ies at that distance, which can barely
be recorded with the largest tele-
scopes, 3C-273 has an apparent visual
magnitude of 12.6, which puts it easily
within range of amateur telescopes.

The second object, 3C-48, was found
by Greenstein to have a red shift cor-
responding to a recession velocity of
more than a third the speed of light, or a
distance of 3.6 billion light-years. This
distance is exceeded by only one other
known galaxy, which is five billion to
six billion light-years away. The spectra
of the remaining three unusual objects
—3C-147, 3C-196 and 3C-286—are still
being studied. It is possible that they
may establish new records for distance.

Einstein Upheld

rrhe constancy of the velocity of light,
+ the second postulate of Einstein’s
special theory of relativity, was called
into question by certain experiments

Throughout the scientific disciplines, continuous-wave gas lasers built by
Spectra-Physics have achieved acceptance as primary equipment for every use
from simple demonstration to the most sophisticated research. They are in use
in many leading universities, aerospace laboratories, government and military
research centers, and industrial facilities.

The availability of these highly practical, reliable, and thoroughly proven CW
gas lasers — built by Spectra-Physics, sold and fully guaranteed by Perkin-

Elmer/Spectra-Physics — has been the key to success in a number of significant

advances in laser application.

Current production models of high-precision laboratory gas lasers include:
Model 115 (upper photo) — lightweight (8 Ibs.) source of continuous-wave,
highly monochromatic light from a helium-neon plasma; visible and infra-red;
6328/3, 11,523;\, and 33,912A; interchangeable confocal and hemispherical
resonators; plane-parallel resonator option.

Model 112 — advanced research model; provides, in addition to capabilities of
Model 115, stable operation in plane-parallel resonator configuration; capacity
for precision experiments such as optical heterodyning.

An unmatched continuity of experience and user-proven performance stand
behind every Perkin-Elmer/Spectra-Physics CW gas ‘laser.

Would you like to receive bulletins bringing you application information and
describing how others employ laser technology? A current bulletin explores
properties of coherent light as compared to those of incoherent radiation.
Send your name today to
receive this bulletin, sub-
sequent application infor-
mation, and our newest
product brochure,

SPECTRA-PHYSI%?

738 Terra Bella/Mountain View 2/California
(415) 968-4467
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SPECTRA-PHYSICS
-leading producer of CW Gas Lasers
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performed last year. They purported to
show that light traveling through a piece
of glass in motion had a velocity different
from light moving through the glass at
rest. Because the glass was moving at a
speed far less than that of light, the test
was not decisive. A new test of the sec-
ond postulate, reported in Physical
Review Letters, upholds Einstein and
appears to be decisive. The new test
was conducted by D. Sadeh of the
Israel Atomic Energy Commission.

Sadeh based his measurements on the
velocity of gamma rays emitted when a
positron and an electron annihilate each
other. If the annihilation takes place
when the particles are at rest, the two
gamma rays go off in opposite directions
| at the same velocity—the velocity of
light. For this case there is no disagree-
ment between classical theory and rela-
tivity. If, however, the annihilation takes
place when the positron is in flight, clas-
sical theory predicts that a gamma ray
emitted in the direction of flight should
have its velocity augmented by the ve-
locity of the positron. A gamma ray fired
to the rear should go slower by an equal
amount. Because positrons typically
travel at about half the speed of light,
the effect of the classical prediction
should be easy to observe.

To test the two divergent predictions
Sadeh contrived a simple apparatus. At
one end of a short tunnel he placed a
sample of the radioactive isotope cop-
per 64, which emits positrons. The
positrons emerge from the tunnel and
strike a target made of clear acrylic plas-
tic. Sixty centimeters from the target, in
roughly opposite directions, are two
crystals that scintillate when struck by
| gamma rays. One crystal records rays
emitted in the general line of flight of
the positron; the other records rays fired
generally to the rear. Photomultiplier
tubes record the flashes at the two crys-
tals, and a fast-acting electronic circuit
detects whether or not the two gamma
rays from a single annihilation arrive at
the same time. Sadeh found that the
counts coincided, confirming the Ein-
stein postulate.

Coral Clock

The study of fossils provides a relative
chronology for geological deposits
and events but not an absolute time
scale. Now John W. Wells of Cornell
University has proposed a method by
which it may eventually become possible
to examine some kinds of fossils and esti-
mate their absolute age. Wells’s tech-
nique would combine paleontology with
the findings of astronomy to get results
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| that can now be obtained only by meas-

uring the decay of radioactive isotopes.

Astronomers have determined that the
speed of the earth’s rotation on its axis
is slowly decreasing; the current esti-
mate of the rate of decrease is two sec-
onds per 100,000 years. At the begin-
ning of the Cambrian period (isotope-
dated at 600 million years ago) a day
was less than 21 hours long and there
were 424 days in a year. On this basis
one can establish a theoretical days-
per-vear scale for geologic time that
shows, for example, 396 days in the
Devonian year and 390 in the Pennsyl-
vanian.

Writing in Nature, Wells connects
these figures with fossils by noting that
the annual growth rate has been estab-
lished for a number of species of corals;
in some cases this is particularly easy
because there are clear annual growth
rings. The epitheca, or outer covering,
of some of the corals also bears ridges
that clearly reflect some regular varia-
tion in calcium carbonate secretion. Is it
perhaps a daily variation?

Wells counted the fine lines on some
recent corals and found that there were
roughly 360 within the space of a year’s
growth, suggesting that the lines do re-
flect daily, or approximately daily, varia-
tions. It was much harder to find fossil
corals with annual growth rings and fine
growth lines distinct enough to count.
But he did determine that some Devo-
nian corals had between 385 and 410
lines per year, with a mean near 400.
And two different corals from the
Pennsylvanian period respectively gave
counts of 390 and 385 lines per year. All
these values fit the theoretical days-per-
vear scale within reason, implying that
the geophysical estimates (from isotope
dating) and the astronomical estimates
(from rotation-time variation) of the
earth’s age agree. Wells does not claim
that the growth-line verification proves
that either of the two standard estimat-
ing methods is surely correct. But he
suggests that fossils other than corals
mav also bear diurnal records of some
kind. If these can be identified, he
writes, paleontology may be able to
supply “a third stabilizing, and much
cheaper, clue to the problem of geo-
chronometry.”

Contrapuntal Bird Songs

l% ecordings of a unique courtship duet
sung by an African shrike have
vielded new evidence on the remarkably
tast auditory reaction time of birds. Or-
nithologists have observed that in some
tropical and subtropical birds mutual
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Pipe. Make tubing big enough and
strong enough and you can call it pipe.
We do. Gas waves traveling at Mach 80
pass through this pipe and collide in the
middle where scientists photograph the
impact. Our pipe also carries chemicals,
mustard, cherries, and milk, among other
things. Testimony to its chemical inert-
ness, which means it won’t corrode or
contaminate in your application.

Moral: we make glass tubing in several
different glass compositions and in many
different sizes, and to tolerances that
abolish further finishing operations in
most cases. Precision is a good word for
it. Economical fits, too.

More information? If we've piqued
your interest to the point where you want
specifics on what we can do for you in
tubing, write us about your application.
Details, please, so that our reply will be
most meaningful.
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auditory display supplements or replaces |
visual display, particularly in areas
where dense foliage makes visual recog-
nition difficult. The male and female of
a species utter different sounds and al-
ternate their calls in antiphonal duets of
great precision. W. H. Thorpe of the
University of Cambridge has recorded
and analyzed antiphonal duets sung by
birds of Uganda in East Africa. He re-
ports in Nature that in some species of
the genus Laniarius individual pairs of
birds develop duet patterns by which
they can distinguish each other from
other birds in the locality.

Thorpe was struck by the accuracy
with which two birds of a pair time their
singing, the phrases from each alternat-
ing so perfectly that “in no case would
one suppose that two birds were in-
volved unless one sees them or until one
happens actually to come between
them.” In the case of the black-headed
gonolek (Laniarius erythrogaster) the
notes are particularly simple: a “yoick”
trom the first bird is followed by a hiss-
ing sound from the mate. Since there was
no variation in melody pattern, Thorpe
decided that the birds in each pair must
recognize each other by a characteristic |
time interval between the notes uttered
by each member of the pair. The second
bird (presumably the female) appeared
to time its answer from the beginning
of the first bird’s note and to maintain
the same interval in spite of variations
in the rhythm of the first bird’s calls.
Thorpe recorded a series of eight duets
in which the time between “yoicks”
ranged between 2.5 and 5.6 seconds. He
tound that the answering hiss neverthe-
less followed the onset of the “yoick”
after a mean interval of 144 millisec-
onds, with a standard deviation of only |
12.6 milliseconds. In a more leisurely
duet sung by a different pair the mean
interval, or reaction time, was 425 milli-
seconds and the standard deviation was
only 4.9 milliseconds.

Thorpe points out that the shortest
reaction time recorded for gonoleks is
about three times faster than a human
subject’s under somewhat similar condi-
tions. The accuracy with which the time
interval is maintained is even more
striking. Both the speed and the ac-
curacy confirm earlier circumstantial
evidence that the auditory reaction time
of birds is extremely fast, and they indi-
cate that the avian ear has superior pow-
ers of time discrimination. Thorpe sug-
gests that the physiological basis of this
ability might be investigated by raising
birds in captivity under conditions so |
good that they learn to sing their duets |
as they do in the jungle. |
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Radiation Belts

It has been five years since these rings of trapped particles were

discovered. Presenting a review of present knowledge of the belts,

with special reference to particles injected by nuclear explosions

decade ago man thought he was
A shielded from the hazards and

the vacuum of interplanetary
space by only a thin layer of atmospheric
gases, perhaps 100 miles thick. He vis-
ualized the magnetic field of the earth as
spreading symmetrical lines of force out
to hundreds of thousands of miles, be-
coming weaker with distance and finally
tading completely away in the still
vacuum of interplanetary space. These
views changed dramatically with the
advent of the man-made satellites of the
earth.

Today it is known that the atmosphere
extends outward for thousands of miles,
a thin, electrified gas of electrons and
protons that gyrate along the lines of
force of the earth’s magnetic field and
form a vast toroidal region of radiation
around the earth. The outer reaches of
this “magnetosphere” are engaged in
turbulent interaction with hot, ionized
gas streaming from the sun. Through
mechanisms still unknown, events here
at the boundary between the solar and
terrestrial atmospheres seem to be in-
volved in generating the displays of the
aurora, the faint high-altitude airglow
and the magnetic storms that disrupt
communications on the ground; they
seem also to contribute to the heating of
the lower atmosphere. Conditions in the
magnetosphere are so diverse and so
variable, however, that millions of ob-
servations by scores of satellites and
rocket probes have only begun to plot
the broad outlines of this extension of
the earth into space.

The electrically charged particles
streaming toward the earth in the “solar
wind” blow aside the outermost lines of
force of the earth’s magnetic field and
compress the lines nearer the earth on
the sunlit side; on the dark side they
stretch the lines of force downwind for
many thousands of miles [see illustra-

84

by Brian J. O’Brien

tion on pages 86 and 87]. The mag-
netosphere may thus be visualized as an
elongated egg-shaped cavity in the solar
wind; it measures some tens of thou-
sands of miles across (at right angles to
the solar radius) and more than 100,000
miles long (along the solar radius). Its
boundary with interplanetary space is
sharp—only 100 miles deep—on the sun-
lit side, and moves readily in response
to pressure from the solar wind. When
the wind is weak, the sunlit boundary
of the magnetosphere is 40,000 miles
from the earth (the edge on the dark
side has not been probed), but a strong
wind or gust from the sun can push it
back to within 25,000 miles of the earth.

The lines of force that trap the outer-
most electrons and protons and describe
the boundary of the magnetosphere
come to earth at 70 to 75 degrees north
and south magnetic latitudes. Above the
polar regions space is empty of trapped
particles; this is the central hole in the
toroid that is “plugged” with the sphere
of the solid earth. Protons and electrons
of relatively low energy permeate the
whole trapping region from an altitude

of a few hundred miles out to the bound-

ary of the magnetosphere. A belt of
high-energy protons is trapped in the
portion of the magnetic field that arches
some 2,000 miles above the earth at the

magnetic equator. Still another belt,
containing high-energy electrons, girdles

the magnetic equator about 10,000 miles
out from the earth. These are the original
Van Allen belts, named for James A.
Van Allen of the State University of

Towa; it was the instrumentation de-

signed by Van Allen and his colleagues
and placed aboard the first U.S. satellites
that discovered and mapped the belts
[see “Radiation Belts around the Earth,”
by James A. Van Allen; SciENTIFIC
AMERICAN, March, 1959].

To the perturbations of the magneto-
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sphere induced by the activity of the
sun the activity of man has recently
added a new kind of disturbance. In
1958 and again in 1962 the U.S. and
the U.S.S.R. detonated nuclear bombs
at high altitudes, injecting clouds of
high-energy particles into the magneto-
sphere. Although these experiments
produced useful information, they have
made it difficult, for many years to come,
to study certain vital aspects of the nat-
ural radiation and its sources.

0.,

EARLY MAP of radiation bzlis around the
earth is stiii accurate but is now known
to be incomplete. Contours show counting



Ever since the discovery of the Van
Allen radiation almost every satellite
and rocket probe has carried instru-
ments, often as the major payload, to
measure and report back on the mag-
netosphere. Yet the total mass of all the
trapped particles is about equal to that
of one man—the particles are so few and
tar between that the density of the mag-
netosphere would be considered an ex-
cellent vacuum in a laboratory on the
earth. The total weight of all the elec-
trons in the man-made radiation belts,
in spite of their profound short- and
long-term effects, is less than .01 ounce!
Millions of dollars and uncounted man
hours are being expended in the study
of this small amount of matter because
it holds so many clues to the relations of
earth and sun and because the radiation
poses a hazard to astronauts and to the
tunctioning of satellites.

The Discovery of the Radiation

The first earth satellite launched from
the territory of the U.S., Explorer I, went
into orbit on January 31, 1958, carrying
a simple Geiger tube to count cosmic
rays, those mysterious particles that fall
on the earth from sources unknown. A

rates of shielded Geiger tubes in Pioneer I11 and Explorer IV. The
high count in inner belt was caused by small number of very ener-
getic, or fast-moving, protons, whereas extremely energetic electrons

Geiger tube records only the flux of ra-
diation, that is, the number of particles
crossing unit area in unit time; it does
not distinguish particles by species and,
in fact, does not of itself distinguish be-
tween particles and radiant energy. Be-
cause the atmosphere near the earth
absorbs most cosmic rays everyone ex-
pected that the flux would increase at
higher altitudes. In accordance with this
expectation the Geiger tube was fitted
with a shield to exclude particles of low
energy. To the surprise of all concerned,
the counting rate decreased with alti-
tude and sometimes dropped to zero as
the satellite crossed the equatorial re-
gions. The investigators wondered if the
violence of the rocket launching had
damaged the Geiger tube.

When another tube in Explorer I1I did
exactly the same thing, it was recognized
that the low apparent counting rate ac-
tually meant that an unexpectedly high
flux of radiation was saturating and
jamming the counters. This was quickly
confirmed, and the findings were ex-
tended by Explorer IV, by the three U.S.
moon probes, Pioneer I, Pioneer 111 and
Pioneer IV, and by the U.S.S.R.’s second
and third earth satellites and first moon
vehicle.

& '

The measured radiation so far ex-
ceeded the levels anticipated from cos-
mic rays that another exnlanation had
to be sought. Theoreticians came for-
ward with the idea, first proposed in
1907 by the Norwegian geophysicist
Carl Stormer, that the earth’s magnetic
field could act as a trap for charged par-
ticles. In obedience to the familiar right-
hand rule of electromagnetism—as for-
mulated for this special case by the
Dutch physicist H. A. Lorentz—an ener-
getic, or fast-moving, charged particle
entering a magnetic field is deflected at
right angles to both its original course
and the lines of force of the field.

The particle thereupon pursues a
spiral path around the line of force. Far
out in the earth’s magnetic field, where
the field strength is low, the spiral is
uite open, but near the earth it becomes
tighter, until the particle finally moves
exactly at a right angle to the line of
force. Here it “mirrors” and is reflected
in the opposite direction along a similar
path [see illustration on page 91]. The
round trip from the Northern Hemi-
sphere to the Southern Hemisphere and
back requires no more than a few sec-
onds. If a particle does not mirror before
it comes down to about 400 miles above

iy
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caused high count in outer belt. This map was drawn in 1959 on the
assumption that radiation contours follow lines of force of earth’s
magnetic field, an assumption that has since been proved true.
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TRAPPED RADIATION AND MAGNETOSPHERE as visualized
today occupy large regions around earth. Low-energy radiation
(light color) extends outward for thousands of miles between north
and south latitudes of 70 to 75 degrees. Original “inner” and “outer”

Van Allen belts (dark color) are now known to hold high-energy
protons and high-energy electrons respectively. “Solar wind”
(arrows) distorts and blows back lines of force of earth’s magnetic
field (white curves). The field hollows out large space, known
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as magnetosphere, in stream of solar parti-
cles. Gray line marks its edge. Conditions
far out on dark side of earth have not been
studied as extensively as those on sunlit side.

the surface of the earth, it will be ab-
sorbed by the atmosphere or at least de-
flected out of the trapping orbit. This
sets the lower limit of the magneto-
sphere. Conversely, since trapping can
occur in the first place only along rela-
tively undistorted lines of force, the dis-
tortion of the lines at the outer edge of
the magnetosphere sets the upper-alti-
tude limit on trapped radiation.

The increase in strength of the mag-
netic field near the earth not only causes
mirroring but also makes the spiral mo-
tion tighter on the side closer to the
earth. This compression of the spiral
causes the particles to drift in longitude,
traveling around the world within a few
minutes or a few hours. Electrons move
eastward, protons westward [see illus-
tration on page 90]. The combination
of mirroring in latitude and drifting in
longitude accounts for the toroidal shape
of the magnetosphere.

Early satellites and high-latitude
sounding rockets, which go out as far
as 4,000 miles and then fall back, made
it clear that trapping does not occur
above about 75 degrees north and south
latitude on the sunlit side and 70 degrees
on the dark side of the earth. The fact
that auroras generally appear at these
or slightly lower latitudes gave rise to
the idea that the polar boundaries of the
magnetosphere are somehow related to
the violent mechanisms that generate
the high fluxes of electrons and protons
known to be responsible for auroras. It
is probable that the lines of force con-
duct the particles into the atmosphere in
the auroral zones.

The Inner Belt

Because mirroring shuttles the par-
ticles back and forth across the mag-
netic equator, the flux is usually highest
in the plane of the Equator. In 1958 and
1959 the moon probes Pioneer III and
Pioneer IV, carrying shielded Geiger
tubes through the magnetosphere rough-
ly in the equatorial plane, confirmed the
original deduction that the magnetic
field traps two belts of high-energy par-
ticles. The two passes made by Pioneer
II (the second unintended but nonethe-
less fruitful) showed that the inner belt
is characterized by radiation energetic
enough to penetrate a lead shield a quar-
ter of an inch thick. Some months later
Pioneer IV reported radiation of the
same intensity and flux across the 3,000-
mile cross section at the inner belt. In
the outer belt, however, Pioneer IV
found conditions radically different
from those reported by Pioneer I11. The
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radiation had increased greatly in flux
and the belt had expanded greatly in
cross section.

Later U.S. and Soviet satellites have
made it clear that the flux in the outer
belt varies in less than a day by a factor
of 10 or more, whereas the flux of the
inner zone takes about a year to change
by a factor of three. As a measurement
of the number of particles crossing a
unit area per unit time, flux is the prod-
uct of the density and the velocity of
particles. The difference in the behavior
of the two belts accordingly suggested
that their particles might come from dif-
ferent sources. Manyv workers have con-
cluded that a relatively weak source of
particles can sustain the stable fluxes of
the inner belt; the low-flux but steady
cosmic radiation seems to fit some of the
specifications. For the outer belt, on the
other hand, there must be a variable
and abundant source. The coincidence
of fluctuations in the outer belt with the
same solar activitv that produces geo-
magnetic storms strongly points to the
solar wind and the si.n itself as consti-
tuting this source.

The simple Geiger tubes of the Pio-
neers, unable to distinguish between
protons and very energetic electrons,
could tell nothing about the composition
of the two belts. Early in 1959 Stan-
ley C. Freden and R. S. White of the
Aerospace Corporation flew special nu-
clear photographic emulsions into the
inner belt aboard sounding rockets and
recovered them. These revealed that
the penetrating particles are protons,
some with energies as high as 600 to 700
Mev (million electron volts), the high-
est energies ever recorded in the Van
Allen belts. Most of these, at 20 to 40
Mev, could easily have penetrated the
shielding of the Geiger tubes aboard
the first Explorers; this accounts in
part for the saturation of those tubes.
In September, 1960, John E. Naugle and
D. A. Kniffen of the National Aero-
nautics and Space Administration sent
up and recovered an apparatus that ex-
posed different portions of a nuclear
emulsion along a trajectory that carried
it through the edge of the inner Van
Allen belt at an altitude of about 1,000
miles. Analysis of the record showed that
the average energy of the protons in-
creased as the rocket moved from the
northern, or outer, edge of the inner belt
into its interior.

The Outer Belt

Determination of the composition of
the outer belt, which lies so much far-
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PERSPECTIVE VIEW shows proton and electron as they spiral bottom of diagram and the spirals are growing tighter. The elec-
through magnetic field. Strength of the field is increasing toward tron spiral is almost flat and the particle is thus about to “mirror.”
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ther from the earth, proved to be more
difficult. While awaiting definitive
measurements, the investigators pro-
posed tentative theories to guide further
research and the design of equipment to
do it. Because shielding heavier than
.1 inch of aluminum strongly absorbed
the radiation, Van Allen and others
suggested that the particles were likely
to be of relatively low energy. This
would mean that the Geiger tubes in the
Pioneers had counted not particles but
X rays produced when electrons of some
40 or 50 Kev (thousand electron volts)
bombarded the shielding. Such electrons
would not be energetic enough to pene-
trate the shielding but would generate
X rays in it. Geiger tubes are inefficient
in detecting X rays produced in this
way, emitting only one electrical pulse
for every 100,000 to one million elec-
trons striking the shield. The more than
100,000 counts per second recorded by
Pioneer IV would therefore indicate a
flux of 10'* to 10t (10 billion to 100
billion) electrons per square centimeter
per second. This idea gained fairly wide
tentative acceptance because it was con-
sistent with early data from sounding
rockets in the auroral zone and with
the discovery of a predominance of
low-energy particles there.

The data from Pioneer IV were sus-
ceptible, however, to an entirely dif-
ferent interpretation. If it was assumed
that the tubes had counted particles of
sufficient energy to penetrate the shield-
ing, then a much smaller number of elec-
trons could explain the more than 100,-
000 counts per second. In fact, since
Geiger tubes count particles with high
efficiency, a flux of only 10¢ penetrating
particles would be sufficient. Among the
proponents of this view was A. J. Dess-
ler, now at Rice University, who had re-
viewed the results obtained by the first
and second Soviet moon vehicles. K. 1.
Gringauz of the US.S.R., working from
other data from the same vehicles, also
argued that the outer-zone flux was
1,000 times less than that tentatively
suggested by Van Allen.

Variations in the counting rate re-
corded during 1959 and 1960 by Geiger
tubes aboard Explorer VI and Explorer
VII served to compound the confusion.
The theoreticians had a grand time
trying to explain these in terms of
accompanying solar and geophysical
disturbances. Unfortunately, with the
energies and numbers of the particles
unknown, it was impossible to tell just
what caused the changes in the rate.

The issue remained in dispute until
we were able in August, 1961, to place
new discriminating particle detectors

along with a Geiger tube of the Pioneer
type aboard the satellite Explorer XII.
This satellite operated for three months
with an apogee of about 50,000 miles
and a perigee of about 200 miles, mak-
ing about one orbit a day. By combining
the data from seven detectors Van Allen,
L. A. Frank, C. D. Laughlin and I
showed that there are, in essence, two
components to the electron radiation in
the outer zone. These had been summed
in the indiscriminate counting of the
Geiger tubes. First of all, we found that
the high counting rates of the shielded
tubes in the heart of the outer zone result
primarily from a flux of penetrating,
or high-energy, particles. With the data
from the second Soviet moon vehicle
taken into account along with our own,
we decided that these penetrating par-
ticles must be electrons with energies
above one or two Mev. Their peak flux
in the heart of the outer zone ranges
over a period of time between 10% and
108 particles per square centimeter per
second. These accounted for the changes
in counting rate that the theoreticians
had been trying to explain earlier. There
are relatively few of these high-energy
electrons in the outer zone, but they
travel with such great velocity that they
can produce a good-sized flux. The
cause of the wide variations in flux of
high-energy particles remains uncertain,
but it may be related to the betatron, or
pumping, action of the fluctuating geo-
magnetic field during magnetic storms,
which could accelerate low-energy elec-
trons to high energies or decelerate high-
energy electrons.

Underlying this high-energy flux,
the instruments aboard Explorer XII
showed, there is a steadier “background”
flux of low-energy electrons. With en-
ergies measured in tens of thousands of
electron volts rather than in millions,
these must indeed have registered their
presence by generating X rays in the
shielded Geiger tubes. After subtracting
the flux of the high-energy particles that
registered their presence directly, how-
ever, the low-energy flux could be set
at 107 or 108, rather than at 101° or 1011,
as postulated earlier by Van Allen and
others. By direct detection of low-energy
electrons, we concluded that their nor-
mal flux in the outer zone is of the order
of 107 particles per square centimeter
per second, falling to 108 or rising to 10%
during geomagnetic storms.

The Magnetosphere
Explorer XII completed the broad

outlines of our present picture of the
magnetosphere when it showed that the
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flux of low-energy electrons (those
able to penetrate .0001 inch of alumi-
num) remains about the same in the
equatorial plane from the inner Van
Allen belt of high-energy radiation,
through the outer high-energy zone and
on out to the edge of the magneto-
sphere. These findings nicely bracketed
the results obtained with Explorer 1V,
which in 1958 had disclosed the pres-
ence of low-energy radiation in the inner
belt. Sounding rockets bearing Geiger
tubes with small magnets mounted in
front of their windows supplied con-
clusive evidence that this radiation came
trom electrons. The magnets sharply
bent the trajectories of the particles;
only electrons, which have a very low
mass, would have responded in this
way. By the end of 1959 various studies
had shown that more than 99.9 per cent
of the inner-zone radiation able to pene-
trate .0004 centimeter of aluminum con-
sists of electrons. The high-energy pro-
tons that overwhelmed the counters in
Explorer I and Explorer 1II, and that
first revealed the presence of trapped
radiation, make up less than .1 per cent
of the particles in the inner belt.

That the magnetosphere is also per-
vaded with low-energy protons travel-
ing on trapping orbits was demonstrated
by another experiment carried aboard
Explorer XII. Leo Davis and ]. M.
Williamson of the Goddard Space Flight
Center designed the instrumentation to
detect these particles. It revealed just as
large a flux of low-energy protons in the
heart of the outer zone as we had found
there to be low-energy electrons. Here
again Explorer XII extended prior find-
ings by rocket probes that the average
proton energy decreases as the altitude
increases. In the heart of the inner zone
most of the protons have enough energy
to penetrate the shielding of the Geiger
tubes of the early Explorer and Pioneer
flights, but in the heart of the outer zone
they do not. Part of this decrease in aver-
age proton energy occurs because the
weaker geomagnetic field at higher alti-
tudes cannot hold high-energy protons
in tight enough spirals to trap them. A
proton with an energy of 100 Mev in the
outer zone, for example, would spiral in
a loop about 3,000 miles in diameter, so
that it rarely would make more than one
mirroring reflection before it plunged
into the atmosphere. A proton with an
energy of 100 Kev, on the other hand,
has a spiral diameter in the outer zone
of only about 100 miles, and an electron
with an energy of 100 Kev has a spiral
diameter of only one mile.

Throughout the magnetosphere—ex-
cept for regions occupied by the two
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DRIFTING IN LONGITUDE by charged particles occurs because
greater strength of magnetic field on side nearer earth makes spiral

high-energy Van Allen belts—the flux of
protons of a given energy seems on occa-
sion to be roughly equal to the flux of
electrons of that energy [see illustration
on page 95]. This might imply that the
radiation energy is shared equally by
the protons and electrons that strike the
magnetosphere after traveling in an
electrically neutral cloud from the sun.
It is not, however, immediately apparent
why there should be such equipartition
of energy between the two species of
particles. If, as is thought, they trav-
el together in the same cloud and with
the same velocity from the sun, the pro-
tons will be much more energetic be-
cause they are 1,840 times heavier (ki-
netic energy being equal to half the
mass multiplied by the square of the
velocity). The proton energies in the

90

solar wind measured by Explorer X and
Mariner 11 (the recent Venus probe)
are a few thousands of electron volts, so
that electrons traveling at the same
velocity should have only about one
electron volt of energy. Protons of the
observed energy could come in far
enough to be trapped by the Lorentz
torce, but the electrons could hardly
penetrate the geomagnetic field.
Theory on this question is still un-
settled. It appears that the protons
will set up a region of excess positive
charge near the boundary of the magnet-
osphere, whereas farther out the elec-
trons make a region of excess negative
charge. The electric field created by
the separation of charges will pull the
low-energy electrons into the region
of positive charge, thereby accelerat-

© 1963 SCIENTIFIC AMERICAN, INC

tighter there. Proton

. = - f
| st ) : /
A~ \.] - /
( [\ \ N
L\ PR
\ v
e . \\_
. AN
: ELECTRON

(left) drifts westward, electron (right)

eastward. This view, from North Pole, does not show mirroring.

ing them up to energies of at least a
tew thousand electron volts. The pos-
sibility that this theory holds for ener-
gies of hundreds of Kev as well as for
a few Kev remains to be investigated.

The low-energy protons may be re-
sponsible for some of the changes in
the strength of the magnetic field ob-
served on the ground. Although there
are roughly equal numbers of electrons
and protons of a given energy crossing
a unit area in unit time, the heavy pro-
tons travel much slower than the light
electrons. For example, a 100-Kev pro-
ton moves at about 1.5 per cent of the
speed of light, but a 100-Kev electron
moves at nearly 55 per cent of the
speed of light. Thus in a given time a
given number of such electrons will
spread through about 40 times more
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ROUTE OF PARTICLES (color) mirroring in latitude and drift-

ing in longitude is shown in this diagram. The proton and the elec-

space than the same number of protons
of the same energy. Davis finds, for in-
stance, about one low-energy proton per
10 cubic centimeters; we find one low-
energy electron per 400 cubic centi-
meters. The protons must therefore
carry most of the energy density (the
number of electron volts of particle
energy per unit volume). As Davis
points out, the energy density of the pro-
tons is comparable to that of the earth’s
magnetic field; the very movement of the
protons must generate local magnetic
fields similar in magnitude to the earth’s
field in the region. Several observers
have speculated that some of the
changes in strength of the field observed
on the ground during magnetic storms
may be caused by the longitudinal drift-
ing of newly trapped protons.

On its travels out to an apogee of
50,000 miles Explorer XII found that
the boundary of the magnetosphere is
remarkably thin, sometimes only 100
miles across. A magnetometer placed on
the satellite by Lawrence Cahill of
the University of New Hampshire dis-
closed that beyond the boundary the
earth’s magnetic field is highly distorted
and variable in magnitude and direc-
tion. Cahill suggests that this is' the in-
termediate zone of interaction between
the earth’s field and the true solar atmos-
phere in the earth’s orbit.

The Explorer XII data apply only to
the sunlit side of the earth; the satellite
did not traverse the dark side. Explorer
X, which went to the dark side but op-
erated for only a short time, has given a
tentative picture that shows the mag-
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tron are tracing out their spirals along the route. Any number of
other routes are possible for other particles trapped in the field.

netosphere extending out past 80,000
miles. Herbert S. Bridge of the Massa-
chusetts Institute of Technology and
J. P. Heppner of NASA, who designed
much of the instrumentation for this
satellite, reported that the earth’s mag-
netic field appears to be carried out-
ward on the dark side by the solar wind.
It is not yet known, however, how much
of this region beyond the outer high-
energy belt is occupied by trapped parti-
cles.

With each advance in knowledge of
the magnetosphere, investigators have
been designing new systems of instru-
mentation to answer the (uestions such
new knowledge proposes. One such sys-
tem was the work of the author, assisted
by William Whelplev and his fellow
graduate students in our laboratory at
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the State University of Iowa. They put
together the integrated, 40-pound In-
jun I, which in June, 1961, was placed
in a nearly circular orbit 600 miles high
and inclined at an angle of 67 degrees
to the Equator. This was the first satel-
lite to move beyond the auroral zone of
North America and so pass through and
beyond the ends of the two high-energy
Van Allen belts (which approach the
earth at about 40 and 55 degrees lati-
tude respectively). By the time it took
its first holiday—from Christmas Day,
1962, to January 17, 1963—it had made
about 100 million useful measurements.

The findings of Injun I contributed
in turn to the design of Injun II,
which was destroyed in a rocket mal-
function at launch, and of Injun III,
which went into orbit late in 1962.
Injun III weighs 114 pounds and con-
tains 18 different particle detectors as
well as photometers to measure spectral
lines in the auroras and the airglow.
It also carries detectors to study very-
low-frequency (VLF) electromagnetic
waves. These range from 700 to 7,000
cycles per second and, when they are
piped into a loud-speaker, make curious

peeps, whistles and twitters. Their origin
is not understood, but it has been sug-
gested that some of the VLF waves
might accelerate electrons resident in
the upper atmosphere to the status of
energetic membership in the outer Van
Allen high-energy belt.

The Artificial Radiation

The principal obstacle to work in
geophysics is that most processes in
this realm cannot be reproduced under
controlled conditions. The deliberate
injection of charged particles into the
magnetosphere by the explosion of a
nuclear bomb has therefore held out
promise of being a useful as well as a
spectacular experiment. In principle the
creation of an artificial belt of radiation
at a known instant and with a known
source strength should be of help in de-
termining such little-known variables as
the rundown time, or lifetime, of the
trapped particles. Measurements of the
decay would give an idea of the strength
of the source required to keep the
natural belts in equilibrium, and this
would provide clues to the sources of
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the natural radiation. It must be em-
phasized, however, that scientific con-
siderations have little to do with
whether or not such explosions take
place. The predominant considerations
have obviously been political and mili-
tary, and an evaluation solely on the
basis of scientific usefulness is un-
realistic.

In the first undertaking motivated
by this combination of considerations
the US. in 1958 exploded five nuclear
bombs at high altitude. Of these, two
were megaton (equivalent to a million
tons of TNT) bombs set off less than
50 miles above Johnston Island in the
Pacific Ocean. The effects disappeared
after a few days because the axis of the
earth’s magnetic field passes about 250
miles to one side of the center of the
earth away from the South Atlantic
Ocean. A trapped particle drifting
around the earth always mirrors at
the same magnetic-field strength. The
particles injected only 50 or 100 miles
above the Pacific therefore sought to
mirror closer and closer to earth as they
drifted eastward in longitude and were
absorbed in the atmosphere long before
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FLUX OF CHARGED PARTICLES per square centimeter per sec-
ond as function of altitude in plane of magnetic equator is shown
in idealized curves based on studies with many Geiger tubes.
Shielding of .25 centimeter of lead gives curves at left, .25 centi-

meter of aluminum gives curves at center. At right are curves
obtained with shielding of .0004 centimeter of aluminum. Black
curve in each case was made by belt of artificial fission electrons
10 hours after injection by Stariish high-altitude nuclear blast.
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they made their way around to the
Atlantic [see illustration on page 96].
Later in the same year three one- to
two-kiloton bombs were detonated 300
miles above the South Atlantic. These
Project Argus shots created artificial
radiation belts that were clearly “seen”
for several weeks by shielded Geiger
tubes in Explorer IV,

In the spring of 1962 the U.S. an-
nounced plans to explode a submegaton
bomb over the Pacific at an altitude
of 500 miles and a larger bomb at 200
miles or so. The military task force
charged with these two enterprises did
not carry through the first but it did suc-
ceed in the second, code-named Starfish.
The controversy that started with the
original announcement of plans has con-
tinued to the present. Many investiga-
tors were concerned lest the explosions,
particularly the one at 500 miles, severe-
ly disturb the natural radiation region
for a long time, perhaps decades, and
seriously hamper its continued study.
The emotional overtones excited by the
military aspects of the proposed experi-
ments often obscured the scientific issues
in the controversy; this obscuration has

persisted even after the event, being
deepened by other human and institu-
tional failings, such as the wundue
authoritv accorded to proclamations
issuing from Government agencies and
competition among investigators for the
public and political spotlight.

In sum, the scientific objectives of the
Starfish experiment were overridden.
Even now it is difficult to get agreement
on answers to the first questions one
wants to ask about Starfish radiation: the
composition, flux and extent of this
radiation in space, how fast the flux
is dropping and if the answers to
these questions are the same as the
predictions beforehand.

The Starfish bomb exploded with a
power of 1.4 megatons 250 miles above
Johnston Island on the night of Julv
9, 1962. The immediate effects of the
blast were spectacular. Brilliant auroras
appeared even over New Zealand,
3,000 miles away. Radio propagation in
the vicinity was completely disrupted.
The earth’s entire magnetic field shook
and continued to oscillate violently as
the shock spread around the world.

The fission products from the blast

decayed fairly rapidly into some 1027
high-energy electrons. The explosion
also sprayed a comparable number of
neutrons in all directions. Because neu-
trons, having no electric charge, are un-
affected by magnetic forces, many went
out to great heights, even beyond the
magnetosphere, butsome decayed in the
magnetosphere into protons and low-
energy electrons that became trapped.
Most investigators, including the au-
thor, had expected the Starfish particles
to plunge into the Atlantic in short or-
der. This proved to be in error: the
explosion produced the largest and
longest-lasting artificial belt to date, a
dubious distinction I hope it will retain
for many years. Evidently the atmos-
pheric density 250 miles up is so low
that the fireball “jetted” upward to great
altitude, leaving many of the high-ener-
gy fission electrons trapped in the geo-
magnetic field well above the absorb-
ing atmosphere. They quickly drifted
around the earth and soon dominated the
underside of the natural inner belt.
Within hours after the blast the satel-
lite Injun I, which was already a vener-
able one year old, detected and began
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mapping the new belt of high-flux fis-
sion electrons. Because we had made
millions of measurements of the natural
radiation with Injun I, we had no trouble
measuring the artificial radiation. This
was fortunate; so few features of the
Van Allen radiation are reliably estab-
lished that these discriminations are
clouded with uncertainty when one
works from the data produced by other
satellites, such as Telstar, launched after
the bomb was exploded. Differences in
orbit and instrumentation, for example,
make it extremely difficult to compare
the pre-Starfish Injun I data with the
post-Starfish Telstar observations.

By the end of July, 1962, with Laugh-
lin and Van Allen, I was able to write a
report of the Injun I findings on the flux
and extent of the belt. I presented this
paper on August 16 at a meeting at the
Goddard Space Flight Center. Others
at the meeting reported that three satel-
lites, Transit IVB, Traac and the U.S.-
United Kingdom satellite Ariel, had
ceased operating soon after the Starfish
explosion. Using our estimates of particle
flux, R. E. Bourdeau of NASA and R. E.
Fischell of the Applied Physics Labora-
torv of Johns Hopkins University calcu-
lated that each square centimeter of the
surface of these satellites had been ir-
radiated bv some 10" or 10" high-
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energy fission electrons each day, more
than enough to ruin the solar cells that
supplied the satellites with power.

In the weeks following the meeting,
data from Telstar and Traac began to
be studied. Starting on August 19 the
results of these studies were issued in
a still continuing series of public an-
nouncements, some official, with a Gov-
ernment agency as their “author,” and
some unofficial, representing the indi-
vidual enterprise of an investigator.
These pronouncements often contradict-
ed one another and generated total con-
fusion. Many failed to reckon with the
pre-Starfish data on the natural radia-
tion. As a result some wild overestimates
of the radiation generated by the bomb
have received wide circulation. In what
follows I can only give my best judg-
ment of what the belt was like 10 hours
after the burstand of how it has changed.
Not all investigators will agree with myv
conclusions.

Erosion by the atmosphere keeps the
underside of the natural belt worn down.
It is in this “safe space” that all Hights
bv astronauts have been made. Starfish
temporarily populated the region with
charged particles, but the atmosphere
immediately began to erode them away,
turning the artificial belt into a thin,
crescent-shaped zone extending about
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20 degrees north and south of the mag-
netic equator, with its peak flux at an
average altitude of about 800 miles.
Half of the 103 to 10? fission electrons
measured 10 hours after the blast had an
initial energy of less than one Mev and
half of them had more than that, some
up to seven Mev.

In the heart of the artificial belt scat-
tering and absorption by the tenuous at-
mosphere cause the flux to drop, but
onlv by a factor of two every few
The radiation will therefore
continue to be detectable for a number
of vears. At much higher altitudes—
above 2,000 miles—the rapid changes
in flux that accompany geophysical dis-
turbances presumably eliminated the
fission electrons within a few months.
Explorer X1V found none early in Oc-
tober, 1962.

The situation as depicted by the Injun
I data that I have summarized does not
agree with the interpretation of Telstar
data bv W. N. Hess of the Goddard
Space Flight Center. According to Hess
the injected particles were high in flux
to an altitude of 12,000 miles, with the
peak of their flux at 2,000 miles. He has
said that the belt contained perhaps 30
times electrons than we
estimated from the Injun data. Gov-
ernmental announcements have given
wide publicitv to this Telstar picture,
and thev have given it the mantle of
authority as well.

Todav we are rather certain, on the
basis of evidence from later satellites,
that Injun I had indeed given us a cor-
rect idea of the distribution of the most
energetic of the fission electrons. It may
be that Hess mistakenly identified nat-
ural electrons as fission electrons. This
was possible because Telstar went into
orbit after the explosion and had made
no measurements of the natural, uncon-
taminated environment. Furthermore,
the Telstar count includes electrons of
low energies, which are particularly
plentiful in the natural radiation, where-
as the shielding on the relevant Injun I
detector excluded the low-energy elec-
trons.

Hess now believesitto be likely, how-
ever, that the fluxes he initiallv attrib-
uted to high-energy fission electrons may
actually have been a combination of
lower-energy electrons resulting from
the explosion. These would have been a
mixture of neutron-decay electrons and
fission-decav electrons (mostly thelatter)
but with an average energv much less
than those in the belt mapped out by
Injun 1. We are trying to learn which
view is correct.

Using the Telstar picture, official

months.

more fission



statements have held that the fission-
electron belt was larger in size and flux
than had been predicted by those who
planned the Starfish project. I do not
know whether the predictions were more
nearly matched by the data from Telstar
or that from Injun I, because the pre-
dictions are not in the open literature.
One lesson to be learned from the whole
Starfish controversy is that governmental
agencies should be wary of accepting
and vesting with the semblance of valid-
ity scientific opinions and discoveries
that have not been fully tested in the
conventional warfare of open scientific
discussion.

On October 22, October 28 and No-
vember 1, 1962, the U.S.S.R. exploded
three nuclear bombs at high altitudes.
The resulting belts of artificial radiation
showed fluxes similar to that in the Star-
fish belt. W. L. Brown of the Bell Tele-
phone Laboratories has found, in a re-
view of data supplied by Telstar and
Explorer XV, that these belts were
established at higher altitudes—in the
“slot” between the inner and outer high-
energy Van Allen zones. As in the case
of the Argus belts, which spread around
the world at much the same altitudes,
the flux of the Soviet belts decreased by
a factor of two or more every few days.
The high rate of decay in this region
contrasts with the low rate of decay on
the underside of the inner Van Allen
belt, where the Starfish radiation still
persists. There may be two reasons.
First, the geomagnetic field in the slot
doubtless fluctuates more readily in re-
sponse to solar disturbances than does
the field in the Starfish region, and thus
may shake out the injected particles.
Second, if the Soviet bombs were ex-
ploded at a high latitude (the Starfish
explosions were near the Equator), most
of the electrons would mirror at these
latitudes and hence at low altitudes or
deeper in the atmosphere than do the
Starfish electrons. They would therefore
be more likely to be scattered out of
their trapped trajectories.

The confusion engendered in nature
as well as in the scientific literature by
the Starfish radiation can be illustrated
in connection with the knotty (uestion
posed by the high-energy protons of the
inner Van Allen belt. It has been postu-
lated that they have their origin in the
decay of neutrons produced in cosmic
ray interactions with the particles in the
atmosphere; the range of energies of
protons found in the zone agrees with
this view. One way to test the idea is
to see if the inner-zone electrons have
the same origin, since the decay of a
neutron produces a proton and an elec-

tron. Unfortunately the observed energy
spectrum of these low-energy electrons
does not square with the range of ener-
gies predicted by the theory that they
come from neutron decay. Yet the theory
supporting the cosmic ray origin remains
an attractive one because it can be
placed in a mathematical framework,
and its proponents die hard. A truly
decisive experiment would be the de-
termination of whether or not any nat-
ural electrons in the inner zone have
energies above about 780 Kev—the
maximum possible if they come from
neutron decay. Before Starfish it had
been found that the flux of inner-zone
electrons above this energy was less than
about 10,000 per square centimeter per
second, but it might have been 9,999 or
one for all we knew. Most of the fission
electrons released by Starfish had en-
ergies above 780 Kev. Initially the flux
of these injected particles stood at 10°.
The flux will have to decay by a factor of
105 before the question can be exam-
ined again, and this will not be for many
years.

The neutrons liberated by the Soviet
experiments as well as by Starfish create
problems of this kind all over the mag-
netosphere. They are serious probably
only in the vicinity of the inner zone,
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where the man-made electrons will re-
main for a long tinie.

The Auroras

The original discovery that the high-
energy charged particles of the outer
Van Allen belt are trapped on the mag-
netic-field lines connecting the northern
and southern auroral zones naturally
led many investigators to propose that
the trapped particles somehow generate
the auroras. In his 1959 article in
ScieEnTiFiIc AMERICAN Van Allen pro-
posed the “leaky bucket” explanation.
The outer belt was the “bucket” that
held particles coming in from the sun;
a gust of incoming particles carried by
the solar wind would cause the bucket
to slop over, mainly in the auroral zone,
generating auroras, magnetic storms and
related disturbances.

It soon became apparent that the
outer Van Allen belt, if it served as a
bucket at all, was more than a simple
reservoir holding particles until they ran
over. Experiments in 1959 and 1960 by
Kinsey A. Anderson of the University
of California, Winckler and others dis-
closed that surprisingly high and vary-
ing fluxes of electrons with a wide range
of energies were being dumped into the

102 103 104

ELECTRON ENERGY (KEV)

GREAT RANGE OF FLUXES at different particle energies makes study of trapped radia-
tion extremely complex. Most intense natural flux ever measured in space (colored curve)
was found by Injun I at one end of outer high-energy belt on September 25, 1961. Flux could
have sustained very bright aurora. Black curve shows typical flux in heart of outer belt.
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LINES OF EQUAL MAGNETIC FORCE are much closer to earth over the Atlantic Ocean
(right) than over Pacific (left). Particles injected over Pacific will therefore hit atmos-
phere as they drift toward the Atlantic. The “displacement” of magnetic-field lines is caused
by fact that axis of magnetic field tilts and passes about 250 miles to one side of earth’s axis
of rotation, toward the Pacific. Starfish particles went so high that this did not affect them.

atmosphere. It seemed unlikely that the
particles came in from the sun in such
different energy states. Evidently the
“bucket” had a stirring mechanism that
sometimes accelerated particles.

In April, 1960, an intense solar flare
sent a great cloud of charged particles
through interplanetary space. Pioneer V
flew through this cloud about five mil-
lion miles from the earth. R. L. Arnoldy
and R. A. Hoffman of the University of
Minnesota and Winckler reported that
their Geiger tube on Pioneer V showed
practically no increase in counting rate.
Evidently the particles were of extreme-
ly low energy, in the range of a few
hundred or so electron volts. Van Allen
found, however, that a few days later,
after the cloud of solar particles hit the
earth, a similar Geiger tube aboard Ex-
plorer VII, in orbit around the earth
at the altitude of the outer Van Allen
belt, showed a thousandfold increase in
counting rate. If the new solar particles
were causing this increase, they had ob-
viously been accelerated locally.

Even the more complex leaky-bucket
model, incorporating a stirring mech-
anism, began to be less attractive when
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Explorer XII showed that the number of
electrons trapped in the outer belt was
1,000 times less than had been postu-
lated. There simply were not enough
particles in the bucket to cause the occa-
sional bright auroras. This became the
more apparent when the instruments on
Injun I showed that the constant flux of
particles spilling out of the magneto-
sphere into the atmosphere—quite apart
from the surges that must attend the
auroras—would empty the outer zone of
its trapped electrons in a few hours in
the absence of a source of constant flow
into the bucket.

On the basis of present evidence I
would turn the model around and regard
the outer high-energy Van Allen belt
as a “splash-catcher” rather than a leaky
bucket. The splash-catcher model does
not propose a source for the trupped
particles themselves. It could be sup-
posed that they come from the sun with
quite low energies or that they have been
resident in the upper atmosphere since
the formation of the earth—the remains
of an ancient ionosphere. The splash-
catcher model simply postulates that
some unknown mechanism accelerates
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electrons in a direction predominantly
parallel to the magnetic-field lines so
that they plunge into the atmosphere,
causing the auroras and also sustaining
the average constant “drip” observed by
Injun I. From time to time solar and
geomagnetic disturbances increase or
decrease the strength of the accelerating
mechanism. This mechanism would also
accelerate a few electrons at angles to
the magnetic field sufficiently large for
these particles to be trapped. Recent
data from Injun III prove that this effect
does occur. As Winckler phrased it: “In-
stead of picturing the outer zone as a
bucket that occasionally slops over to
cause an aurora, one might regard it as
a bucket held under Niagara Falls. It
catches a little of what falls, but most
rushes past.” This would make the outer
zone of energetic electrons purely an
incidental and secondary consequence
of the mechanisms that cause auroras.

We know just as little about the
source of the low-energy protons that
permeate the trapping regions of the
magnetosphere from below the inner
high-energy belt out to the edge. In ad-
dition to the protons with a few Kev of
energy in the steady solar wind, the sun
sometimes shoots out protons with ener-
gies of hundreds of Mev. We do not
know whether the protons detected by
Davis and others are due to such a solar
source, or whether they are also ac-
celerated locally.

At this juncture it must be conceded
that physical theory has failed to pro-
vide an adequate explanation for the
source or sources of the particles in the
magnetosphere and the mechanisms that
give them their various cnergies. The
experimentalist therefore continues to
make as many observations and meas-
urements as he can in the hope that
analysis of many events will reveal some
common denominator. He is groping in
a new realm of physics, occasionally
overwhelmed by the magnitude of the
projects and their cost. He is also being
drowned in his own data. Explorer I pro-
duced some 5,000 measurements, Ex-
plorer VII about a million and Injun I
100 million. A geophysicist could easily
spend a lifetime analyzing the results
from one satellite. Within a year, how-
ever, he can usually devise much better
methods of studying the environment of
the earth, so he wants to put up a new
satellite and start again. Perhaps the next
measurements from the next satellite, or
from the one after that, will provide the
clues that will give coherence to all the
observations of the Van Allen radiation,
thereby turning a valiant exploration
into a disciplined science.



LIGOLOGY

Tests Prove
Tenacity Of New
Metal Protectants

Ucar R-101 is a clear silicone protect-
ant particularly effective on a wide vari-
ety of non-ferrous metals.

One of a family of silicone metal pro-
tectants made by Union Carbide, Ucar
R-101 forms a continuous and pinhole-
free film —as such it offers protection
against normally corrosive environmen-
tal atmosphere such as sulfide attack
on copper.

FLEXIBILITY TEST

Tests show, for example, that it forms
the strongest film-to-metal bond yet
observed.

Unusual flexibility was demonstrated
when a treated test sample was bent
180 degrees around a /s inch mandrel
without film damage.

Impact resistance was shown when Ucar
R-101 protection withstood a 60-in Ib.
drop test. Treated samples have been
cut without fracturing the film edges or
causing peel-back.

IMPACT TEST

It resists underfilm corrosion and be-
cause of its extreme thinness (1/10,000
in.) does not affect critical dimensional
tolerances.

In cycled alkaline detergent solution on
aluminum, it has already outlasted or-
ganic coatings 20 times.

HEAT RESISTANCE TEST

Good thermal stability makes Ucar R-101
ideal for general purpose applications
requiring 200°F.service. For higher tem-
peratures, particularly on copper alloys,
Ucar R-104 is effective up to 600°F.

Application is easy. Ucar R-101 can be
sprayed, dipped, or wiped on. After 5
or 10 minutes a treated object can be
safely handled. Seven days of air dry-
ing or 15 minutes at 250°F. completes
curing.

What does all this mean to you? Well,
a leading metals association recently
appraised the significance of Union
Carbide silicone metal protectants and
estimated that the new finish will help
“increase the market for coppermetals
(alone) by 75 million pounds a year for
the next five years.”
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After testing more than 100 organic coat-
ing systems over a three-year period,
the International Copper Research As-
sociation announced the development
of the “optimum metal protectant sys-
tem.” This system is based on UcaR sili-
cones, which may be used alone or, for
abrasive conditions, as a primer with
acrylic topcoats.

If you need to protect or preserve the
appearance and integrity of metal
chances are that Union Carbide silicone
metal protectants will meet your require-
ments.

As the originator of these protectants,
and the leading innovator in silicone
technology, Union Carbide is constantly
developing new products to do a better
job. Information on silicones for metals
or general applications is available from
your Silicones Man. See him soon! And
in the meantime, complete and mail the
coupon below.

UNION

CARBIDE

SILIGONES

UNION CARBIDE and UCAR are registered
trade marks of Union Carbide Corporation.

—— — — i — . — —— —

| Silicones Division
| Union Carbide Corporation

|

| Dept. 3E84-1302, 30-20 Thomson Avenue :
| Long Island City 1, New York |
| In Canada: Union Carbide Canada, Ltd. |
| Bakelite Division, Toronto 12. |
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OLD, YES.

OLD FASHIONED, NO.

Six major achievements in Polaroid Land photography since '48 have yet to make our original model obsolete.

The very first Polaroid Land Cam-
era went on sale Nov. 28, 1948. Sci-
ence and industry adopted it right
from the start. For the first time you
could have a detailed photographic
record to study in just one minute.
The Model 95 was a valuable tool
then, but it’s even more valuable
now. Because whenever we've im-
proved the Land process, we have
made sure the old 95 benefited from
the improvement.

The first Polaroid Land Film made
sepia prints. By 1950 we’d complete-
ly remade our emulsions and brought
out black-and-white film. We im-
proved them again in 1955, increas-
ing film speed and changing from
orthochromatic to panchromatic
films. The 95 was better for it.

During 1957 we brought out our
first transparency film. Within a
couple of minutes you could make
and project a lantern slide. This film
madethe95moreversatilethanever.

Two years later we brought out a
revolutionary new ASA 3,000 film.
It let you record extremely low light
level phenomena with a standard
Polaroid Land Camera instead of
using expensive and complicated
equipment. Again, the 95 gained in
versatility and effectiveness.

Upto this time, Polaroid Land Roll
Film developed in 60 seconds. By
1960 we were able to get the time
down to 10 seconds. And the old 95
was six times faster as a recording
device than when we introduced it.

The most dramatic improvement
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came in January of this year. After
15 years of research and develop-
ment we introduced new Polacolor
Film. It works in existing Polaroid
Land Cameras and makes finished
color prints in 50 seconds. And it
opens up enormous possibilities for
full color recording in practically
every field of science, industry, busi-
ness and education. If you have a 95,
you can now make full color prints
in 50 seconds, less time than it took
you to make sepia prints when the
camera was new.

When you buy a Polaroid Land
Camera you aren’t buying just a
camera. You're investing in the most
dynamic system of photography in
the world today. Polaroid Corpora-
tion, Cambridge 39, Mass.



PHEROMONES

A ])hel'omone 1s a substance secreted ,I)y an animmal that influences

the behavior of other animals of the same spe(‘ies. Recent studies

indicate that such chemical communication 1s surprising]y common

other worlds civilizations exist that
communicate entirely by the ex-
change of chemical substances that are
smelled or tasted. Unlikely as this may
seem, the theoretical possibility cannot
be ruled out. It is not difficult to design,
on paper at least, a chemical communi-
cation system that can transmit a large
amount of information with rather good
efficiency. The notion of such a com-
munication system is of course strange
because our outlook is shaped so strongly
by our own peculiar auditory and visual
conventions. This limitation of outlook
is found even among students of ani-
mal behavior; they have favored spe-
cies whose communication methods are
similar to our own and therefore more
accessible to analysis. It is becoming in-
creasingly clear, however, that chemical
systems provide the dominant means of
communication in many animal species,
perhaps even in most. In the past several
years animal behaviorists and organic
chemists, working together, have made a
start at deciphering some of these sys-
tems and have discovered a number of
surprising new biological phenomena.
In earlier literature on the subject,
chemicals used in communication were
usually referred to as “ectohormones.”
Since 1959 the less awkward and etymo-
logically more accurate term “phero-
mones” has been widely adopted. It is
used to describe substances exchanged
among members of the same animal
species. Unlike true hormones, which are
secreted internally to regulate the or-
ganism’s own physiology, or internal
environment, pheromones are secreted
externally and help to regulate the or-
ganism’s external environment by in-
fluencing other animals. The mode of
influence can take either of two general
forms. If the pheromone produces a more
or less immediate and reversible change

[t is conceivable that somewhere on
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by Edward O. Wilson

in the behavior of the recipient, it is said
to have a “releaser” effect. In this case
the chemical substance seems to act di-
rectly on the recipient’s central nervous
system. If the principal function of the
pheromone is to trigger a chain of physi-
ological events in the recipient, it has
what we have recently labeled a “primer”
effect. The physiological changes, in
turn, equip the organism with a new be-
havioral repertory, the components of
which are thenceforth evoked by appro-
priate stimuli. In termites, for example,
the reproductive and soldier castes pre-
vent other termites from developing into

L&

their own castes by secreting substances
that are ingested and act through the
corpus allatum, an endocrine gland con-
trolling differentiation [see “The Termite
and the Cell,” by Martin Liischer; Sci-
ENTIFIC AMERICAN, May, 1953].

These indirect primer pheromones do
not always act by physiological inhibi-
tion. They can have the opposite effect.
Adult males of the migratory locust
Schistocerca gregaria secrete a volatile
substance from their skin surface that
accelerates the growth of young locusts.
When the nymphs detect this substance
with their antennae, their hind legs,
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INVISIBLE ODOR TRAILS guide fire ant workers to a source of food: a drop of sugar
solution. The trails consist of a pheromone laid down by workers returning to their nest
after finding a source of food. Sometimes the chemical message is reinforced by the touch-
ing of antennae if a returning worker meets a wandering fellow along the way. This is hap-
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some of their mouth parts and the anten-
nae themselves vibrate. The secretion, in
conjunction with tactile and visual sig-
nals, plays an important role in the
formation of migratory locust swarms.

;\ striking feature of some primer
+ X pheromones is that they cause im-
portant physiological change without an
immediate accompanying behavioral re-
sponse, at least none that can be said to
be peculiar to the pheromone. Beginning
in 1955 with the work of S. van der Lee
and L. M. Boot in the Netherlands, mam-
malian endocrinologists have discovered
several unexpected effects on the female
mouse that are produced by odors of
other members of the same species.
These changes are not marked by any im-
mediate distinctive behavioral patterns.
In the “Lee-Boot effect” females placed
in groups of four show an increase in
the percentage of pseudopregnancies. A
completely normal reproductive pattern
can be restored by removing the olfac-
tory bulbs of the mice or by housing the
mice separately. When more and more
female mice are forced to live together,
their oestrous cycles become highly ir-
regular and in most of the mice the cycle
stops completely for long periods. Re-
cently W. K. Whitten of the Australian
National University has discovered that
the odor of a male mouse can initiate and

synchronize the oestrous cycles of female
mice. The male odor also reduces the
frequency of reproductive abnormalities
arising when female mice are forced to
live under crowded conditions.

A still more surprising primer effect
has been found by Helen Bruce of the
National Institute for Medical Research
in London. She observed that the odor
of a strange male mouse will block the
pregnancy of a newly impregnated fe-
male mouse. The odor of the original
stud male, of course, leaves pregnancy
undisturbed. The mouse reproductive
pheromones have not yet been identified
chemically, and their mode of action
is only partly understood. There is evi-
dence that the odor of the strange male
suppresses the secretion of the hormone
prolactin, with the result that the corpus
luteum (a ductless ovarian gland) fails
to develop and normal oestrus is re-
stored. The pheromones are probably
part of the complex set of control
mechanisms that regulate the popula-
tion density of animals [see “Population
Density and Social Pathology,” by John
B. Calhoun; ScCIENTIFIC AMERICAN,
February, 1962].

heromones that produce a simple re-
leaser effect—a single specific re-
sponse mediated directly by the central
nervous system—are widespread in the

animal kingdom and serve a great many
functions. Sex attractants constitute a
large and important category. The chem-
ical structures of six attractants are
shown on page 108. Although two of the
six—the mammalian scents muskone and
civetone—have been known for some 40
years and are generally assumed to serve
a sexual function, their exact role has
never been rigorously established by ex-
periments with living animals. In fact,
mammals seem to employ musklike com-
pounds, alone or in combination with
other substances, to serve several func-
tions: to mark home ranges, to assist in
territorial defense and to identify the
sexes.

The nature and role of the four insect
sex attractants are much better under-
stood. The identification of each repre-
sents a technical feat of considerable
magnitude. To obtain 12 milligrams of
esters of bombykol, the sex attractant of
the female silkworm moth, Adolf F. J.
Butenandt and his associates at the
Max Planck Institute of Biochemistry
in Munich had to extract material from
250,000 moths. Martin Jacobson, Mor-
ton Beroza and William Jones of the U.S.
Department of Agriculture processed
500,000 female gypsy moths to get 20
milligrams of the gypsy-moth attractant
gyplure. Each moth yielded only about

.01 microgram (millionth of a gram) of

creasing numbers. In the fourth picture unrewarded workers return
to the nest without laying trails and outward-bound traffic wanes. In
the last picture most of the trails have evaporated completely and
only a few stragglers remain at the site, eating the last bits of food.

pening in the photograph at the far left. A few foraging workers
have just found the sugar drop and a returning trail-layer is com-
municating the news to another ant. In the next two pictures the
trail has been completed and workers stream from the nest in in-
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PHEROMONES INFLUENCE BEHAVIOR directly or indirectly, as shown in this sche-

matic diagram. If a pheromone stimulates the recipient’s central nervous system into pro-
ducing an immediate change in behavior, it is said to have a “releaser” effect. If it alters a
set of long-term physiological conditions so that the recipient’s behavior can subsequently
be influenced by specific accessory stimuli, the pheromone is said to have a “primer” effect.

gyplure, or less than a millionth of its
body weight. Bombykol and gyplure
were obtained by killing the insects and
subjecting crude extracts of material
to chromatography, the separation tech-
nique in which compounds move at dif-
terent rates through a column packed
with a suitable adsorbent substance. An-
other technique has been more recently
developed by Robert T. Yamamoto of
the U.S. Department of Agriculture, in
collaboration with Jacobson and Beroza,
to harvest the equally elusive sex at-
tractant of the American cockroach.
Virgin females were housed in metal
cans and air was continuously drawn
through the cans and passed through
chilled containers to condense any va-
porized materials. In this manner the
equivalent of 10,000 females were
“milked” over a nine-month period to
vield 12.2 milligrams of what was con-
sidered to be the pure attractant.

The power of the insect attractants
is almost unbelievable. If some 10,000
molecules of the most active form of
bombykol are allowed to diffuse from a
source one centimeter from the anten-
nae of a male silkworm moth, a charac-
teristic sexual response is obtained in
most cases. If volatility and diffusion rate
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are taken into account, it can be esti-
mated that the threshold concentration
is no more than a few hundred molecules
per cubic centimeter, and the actual
number required to stimulate the male is
probably even smaller. From this one can
calculate that .01 microgram of gyplure,
the minimum average content of a single
female moth, would be theoretically ade-
uate, if distributed with maximum ef-
ficiency, to excite more than a billion
male moths.

In nature the female uses her power-
ful pheromone to advertise her presence
over a large area with a minimum ex-
penditure of energy. With the aid of
published data from field experiments
and newly contrived mathematical mod-
els of the diffusion process, William H.
Bossert, one of my associates in the
Biological Laboratories at Harvard Uni-
versity, and I have deduced the shape
and size of the ellipsoidal space within
which male moths can be attracted un-
der natural conditions [see bottom illus-
tration on opposite page]. When a
moderate wind is blowing, the active
space has a long axis of thousands of
meters and a transverse axis parallel to
the ground of more than 200 meters
at the widest point. The 19th-century
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French naturalist Jean Henri Fabre,
speculating on sex attraction in insects,
could not bring himself to believe that
the female moth could communicate
over such great distances by odor alone,
since “one might as well expect to tint a
lake with a drop of carmine.” We now
know that Fabre’s conclusion was wrong
but that his analogy was exact: to the
male moth’s powerful chemoreceptors
the lake is indeed tinted.

One must now ask how the male moth,
smelling the faintly tinted air, knows
which way to fly to find the source of the
tinting. He cannot simply fly in the di-
rection of increasing scent; it can be
shown mathematically that the attractant
is distributed almost uniformly after it
has drifted more than a few meters from
the female. Recent experiments by Ilse
Schwinck of the University of Munich
have revealed what is probably the al-
ternative procedure used. When male
moths are activated by the pheromone,
they simply fly upwind and thus inevita-
bly move toward the female. If by acci-
dent they pass out of the active zone,
they either abandon the search or fly
about at random until thev pick up the
scent again. Eventually, as they ap-
proach the female, there is a slight in-
crease in the concentration of the chemi-
cal attractant and this can serve as a

guide for the remaining distance.
If one is looking for the most highly

developed chemical communication
systems in nature, it is reasonable to
study the behavior of the social insects,
particularly the social wasps, bees, ter-
mites and ants, all of which communicate
mostly in the dark interiors of their nests
and are known to have advanced chemo-
receptive powers. In recent years experi-
mental techniques have been developed
to separate and identify the pheromones
of these insects, and rapid progress has
been made in deciphering the hitherto
intractable codes, particularly those of
the ants. The most successful procedure
has been to dissect out single glandular
reservoirs and see what effect their con-
tents have on the behavior of the worker
caste, which is the most numerous and
presumably the most in need of continu-
ing guidance. Other pheromones, not
present in distinct reservoirs, are identi-
fied in chromatographic fractions of
crude extracts.

Ants of all castes are constructed with
an exceptionally well-developed exo-
crine glandular system. Many of the
most prominent of these glands, whose
tunction has long been a mystery to en-
tomologists, have now been identified as
the source of pheromones [see illustra-



tion on page 105]. The analvsis of the
gland-pheromone complex has led to the
beginnings of a new and deeper under-
standing of how ant societies are or-
ganized.

Consider the chemical trail. Accord-
ing to the traditional view, trail secre-
tions served as only a limited guide for
worker ants and had to be augmented by
other kinds of signals exchanged inside
the nest. Now it is known that the trail
substance is extraordinarily versatile. In
the fire ant (Solenopsis saevissima), for
instance, it functions both to activate
and to guide foraging workers in search
of food and new nest sites. It also con-
tributes as one of the alarm signals
emitted by workers in distress. The trail
of the fire ant consists of a substance
secreted in minute amounts by Dufour’s
gland; the substance leaves the ant’s
body by way of the extruded sting, which
is touched intermittently to the ground
much like a moving pen dispensing ink.
The trail pheromone, which has not vet
been chemically identified, acts primari-
lv to attract the fire ant workers. Upon
encountering the attractant the workers
move automatically up the gradient to
the source of emission. When the sub-
stance is drawn out in a line, the workers
run along the direction of the line away
from the nest. This simple response
brings them to the food source or new
nest site from which the trail is laid. In
our laboratory we have extracted the
pheromone from the Dufour’s glands of
freshly killed workers and have used
it to create artificial trails. Groups of
workers will follow these trails awav
from the nest and along arbitrary routes
(including circles leading back to the
nest) for considerable periods of time.
When the pheromone is presented to
whole colonies in massive doses, a large
portion of the colony, including the
queen, can be drawn out in a close
simulation of the emigration process.

The trail substance is rather volatile,
and a natural trail laid by one worker
diffuses to below the threshold concen-
tration within two minutes. Consecjuent-
ly outward-bound workers are able to
follow it only for the distance they can
travel in this time, which is about 40
centimeters. Although this strictly limits
the distance over which the ants can
communicate, it provides at least two
important compensatory advantages.
The more obvious advantage is that old,
useless trails do not linger to confuse the
hunting workers. In addition, the in-
tensity of the trail laid by manv workers
provides a sensitive index of the amount
of food at a given site and the rate of its
depletion. As workers move to and from

ANTENNAE OF GYPSY MOTHS differ radically in structure according to their function.
In the male (left) they are broad and finely divided to detect minute quantities of sex at-
tractant released by the female (right). The antennae of the female are much less developed.

A= 108 METERS
B 215 METERS
C= 4560 METERS

A 625 METERS
B 125 METERS
C 2420 METERS

A 485 METERS
B =97 METERS
C= 1,820 METERS

ACTIVE SPACE of gyplure, the gypsy moth sex attractant, is the space within which this
pheromone is sufficiently dense to attract males to a single, continuously emitting female.
The actual dimensions, deduced from linear measurements and general gas-diffusion
models, are given at right. Height (4) and width (B) are exaggerated in the drawing.
As wind shifts from moderate to strong, increased turbulence contracts the active space.
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FIRE ANT WORKER lays an odor trail bv exuding a pheromone along its extended sting.
The sting is touched to the ground periodically, breaking the trail into a series of streaks.

ACTIVE SPACE OF ANT TRAIL, within which the pheromone is dense enough to be per-
ceived by other workers, is narrow and nearly constant in shape with the maximum gradient
situated near its outer surface. The rapidity with which the trail evaporates is indicated.
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the food finds (consisting mostly of dead
insects and sugar sources) thev continu-
ouslv add their own secretions to the trail
preduced by the original discoverers of
the food. Only if an ant is rewarded by
food does it Iav a trail on its trip back to
the nest; therefore the more food en-
countered at the end of the trail, the
more workers that can be rewarded and
the heavier the trail. The heavier the
trail, the more workers that are drawn
from the nest and arrive at the end of
the trail. As the food is consumed, the
number of workers laving trail substance
drops, and the old trail fades bv evapora-
tion and diffusion, gradually constricting
the outward flow of workers.

The fire ant odor trail shows other evi-
dences of being efficiently designed. The
active space within which the phero-
mone is dense enough to be perceived by
workers remains narrow and nearlv con-
stant in shape over most of the length of
the trail. It has been further deduced
from diffusion models that the maximum
gradient must be situated near the outer
surface of the active space. Thus workers
are informed of the space boundary in a
highly eflicient way. Together these fea-
tures ensure that the following workers
keep in close formation with a minimum
chance of losing the trail.

The fire ant trail is one of the few
animal communication systems whose
information content can be measured
with fair precision. Unlike many com-
municating animals, the ants have a dis-
tinct goal in space—the food find or nest
site—the direction and distance of which
must both be communicated. It is pos-
sible by a simple technique to measure
how close trail-followers come to the
trail end, and, bv making use of a
standard equation from information the-
ory, one can translate the accuracy of
their response into the “bits” of informa-
tion received. A similar procedure can
be applied (as first suggested by the
British biologist J. B. S. Haldane) to the

“waggle dance” of the honeybee, a radi-
cally different form of communication
system from the ant trail [see “Dialects
in the Language of the Bees,” bv Karl
von Frisch; SciexTiFic AMERICAN, Au-
gust, 1962]. Surprisingly, it turns out
that the two svstems, although of wholly
different evolutlonalv origin, transmit
about the same amount of information
with reference to distance (two bits)
and direction (four bits in the honevbee,
and four or possibly five in the ant).
Four bits of information will direct an
ant or a bee into one of 16 equally prob-
able sectors of a circle and two bits will
identify one of four eqquallv probable dis-



tances. It is conceivable that these in-
formation values represent the maximum
that can be achieved with the insect
brain and sensory apparatus.

Not all kinds of ants lay chemical
trails. Among those that do, however, the
pheromones are highly species-specific
in their action. In experiments in which
artificial trails extracted from one species
were directed to living colonies of other
species, the results have almost always
been negative, even among related spe-
cies. It is as if each species had its
own private language. As a result there
is little or no confusion when the trails
of two or more species cross.

Nother important class of ant phero-

mone is composed of alarm sub-
stances. A simple backyard experiment
will show that if a worker ant is disturbed
by a clean instrument, it will, for a short
time, excite other workers with whom it
comes in contact. Until recently most
students of ant behavior thought that

MANDIBULAR GLAND
RESERVOIR

MANDIBLE

MANDIBULAR GLAND
RESERVOIR

DIGESTIVE TRACT

LABIAL GLAND !

the alarm was spread by touch, that one
worker simply jostled another in its ex-
citement or drummed on its neighbor
with its antennae in some peculiar way.
Now it is known that disturbed workers
discharge chemicals, stored in special
glandular reservoirs, that can produce
all the characteristic alarm responses
solely by themselves. The chemical
structure of four alarm substances is
shown on page 114. Nothing could illus-
trate more clearly the wide differences
between the human perceptual world
and that of chemically communicating
animals. To the human nose the alarm
substances are mild or even pleasant, but
to the ant they represent an urgent tocsin
that can propel a colony into violent
and instant action.

As in the case of the trail substances,
the employment of the alarm substances
appears to be ideally designed for the
purpose it serves. When the contents of
the mandibular glands of a worker of the
harvesting ant (Pogonomyrmex badius)

METAPLEURAL GLAND

LABIAL GLAND

METAPLEURAL GLAND

METAPLEURAL GLAND
CHAMBER

HIND GUT

are discharged into still air, the volatile
material forms a rapidly expanding
sphere, which attains a radius of about
six centimeters in 13 seconds. Then it
contracts until the signal fades out com-
pletely some 35 seconds after the mo-
ment of discharge. The outer shell of the
active space contains a low concentra-
tion of pheromone, which is actually at-
tractive to harvester workers. This serves
to draw them toward the point of dis-
turbance. The central region of the active
space, however, contains a concentration
high enough to evoke the characteristic
frenzy of alarm. The “alarm sphere” ex-
pands to a radius of about three centi-
meters in eight seconds and, as might be
expected, fades out more quickly than
the “attraction sphere.”

The advantage to the ants of an alarm
signal that is both local and short-lived
becomes obvious when a Pogonomyrmex
colony is observed under natural condi-
tions. The ant nest is subject to almost
innumerable minor disturbances. If the

HIND GUT

ANAL GLAND

ANAL GLAND

GLAND

PAVAN'S

POISON GLAND
OISON ¢ GLAND

EXOCRINE GLANDULAR SYSTEM of a worker ant (shown here
in top and side cutaway views) is specially adapted for the produc-
tion of chemical communication substances. Some pheromones are
stored in reservoirs and released in bursts only when needed; oth-

ers are secreted continuously. Depending on the species, trail sub-
stances are produced by Dufour’s gland, Pavan’s gland or the poison
glands; alarm substances are produced by the anal and mandibular
glands. The glandular sources of other pheromones are unknown.
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FORAGING INFORMATION conveyed by two different insect communication systems can
be represented on two similar “compass” diagrams. The honeybee “waggle dance” (top)
transmits about four bits of information with respect to direction, enabling a honeybee
worker to pinpoint a target within one of 16 equally probable angular sectors. The number
of “bits” in this case remains independent of distance, given in meters. The pheromone
system used by trail-laying fire ants (bottom) is superior in that the amount of directional
information increases with distance, given in centimeters. At distances ¢ and d, the proba-
ble sector in which the target lies is smaller for ants than for bees. (For ants, directional
information actually increases gradually and not by jumps.) Both insects transmit two
bits of distance information, specifying one of four equally probable distance ranges.
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alarm spheres generated by individual
ant workers were much wider and more
durable, the colony would be kept in
ceaseless and futile turmoil. As it is, local
disturbances such as intrusions by for-
eign insects are dealt with ¢uickly and
efficiently by small groups of workers,
and the excitement soon dies away.

rl‘he trail and alarm substances are

only part of the ants” chemical vocab-
ulary. There is evidence for the existence
of other secretions that induce gathering
and settling of workers, acts of grooming,
food exchange, and other operations
fundamental to the care of the queen and
immature ants. Even dead ants produce
a pheromone of sorts. An ant that has
just died will be groomed by other work-
ers as if it were still alive. Its complete
immobility and- crumpled posture by
themselves cause no new response. But
in a day or two chemical decomposition
products accumulate and stimulate the
workers to bear the corpse to the refuse
pile outside the nest. Only a few decom-
position products trigger this funereal
response; they include certain long-chain
fatty acids and their esters. When other
objects, including living workers, are ex-
perimentally daubed with these sub-
stances, they are dutifully carried to the
refuse pile. After being dumped on the
refuse the “living dead” scramble to their
feet and promptly return to the nest,
only to be carried out again. The hapless
creatures are thrown back on the refuse
pile time and again until most of the
scent of death has been worn off their
bodies by the ritual.

Our observation of ant colonies over
long periods has led us to believe that
as few as 10 pheromones, transmitted
singly or in simple combinations, might
suffice for the total organization of ant
society. The task of separating and char-
acterizing these substances, as well as
judging the roles of other kinds of stimuli
such as sound, is a job largely for the
future.

Even in animal species where other
kinds of communication devices are
prominently developed, deeper inves-
tigation usually reveals the existence of
pheromonal communication as well. I
have mentioned the auxiliary roles of
primer pheromones in the lives of mice
and migratory locusts. A more striking
example is the communication system of
the honeybee. The insect is celebrated
for its employment of the “round” and
“waggle” dances (augmented, perhaps,
by auditory signals) to designate the lo-
cation of food and new nest sites. It is not
so widely known that chemical signals



There is a critical need in defense and space work for
automatic equipment that can go where a man cannot and
perform decision functions that up to now only a man
could handle. 0 To meet this requirement, a new type
of computer has been developed in the laboratories of
Astropower, a Douglas subsidiary. Called an “Optical Deci-
sion Filter”; it can recognize and classify three dimensional
objects regardless of their size and orientation with respect

THE NEW GENERATION i comomred by
OF J U DGM E NT MACH I N ES this Astropower unit give it

great potential for application

...AND WHAT DOUGLAS IS DOING ABOUT THEM in many defense, space and
electronic fields, including the following: photographic

analysis; radar signature analysis; ballistic missile decoy

discrimination; and starfield (or other pattern) recognition.

This step ahead in the computer field is among the numer-

ous research programs in 23 broad technological areas now /
under way at Douglas. Major Douglas Divisions
are located in Santa Monica and Long Beach,

California, Tulsa, Oklahoma, and OU/GLAS

Charlotte, North Carolina.
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play equally important roles in other
a-pects of honeybee life. The mother
queen regulates the reproductive cycle
of the colony by secreting from her
mandibular glands a substance recently
identified as 9-ketodecanoic acid. When
this pheromone is ingested by the worker
bees, it inhibits development of their
ovaries and also their abilitv to manu-
facture the royal cells in which new
queens are reared. The same pheromone
serves as a sex attractant in the queen’s
nuptial flights.

Under certain conditions, including
the discovery of new food sources, work-
er bees release geraniol, a pleasant-
smelling alcohol, from the abdominal
Nassanoff glands. As the geraniol dif-
tuses through the air it attracts other
workers and so supplements information
contained in the waggle dance. When a
worker stings an intruder, it discharges,
in addition to the venom, tiny amounts
of a secretion from clusters of unicellular

glands located next to the basal plates of
the sting. This secretion is responsible
for the tendency, well known to bee-
keepers, of angrv swarms of workers to
sting at the same spot. One component,
which acts as a simple attractant, has
been identified as isoamyl acetate, a com-
pound that has a banana-like odor. It is
possible that the stinging response is
evoked by at least one unidentified alarm
substance secreted along with the at-
tractant.

Knowledge of pheromones has ad-

vanced to the point where one
can make some tentative generalizations
about their chemistry. In the first place,
there appear to be g g}ood reasons why sex
attractants should be compounds that
contain between 10 and 17 carbon atoms
and that have molecular weights between
about 180 and 300—the range actually
observed in attractants so far identified.
(For comparison, the weight of a single
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carbon atom is 12.) Only compounds
of roughly this size or greater can meet
the two known requirements of a sex
attractant: narrow specificity, so that
only members of one species will re-
spond to it, and high potency. Com-
pounds that contain fewer than five or so
carbon atoms and that have a molecular
weight of less than about 100 cannot be
assembled in enough different ways to
provide a distinctive molecule for all
the insects that want to advertise their
presence.

It also seems to be a rule, at least
with insects, that attraction potency in-
creases with molecular weight. In one
series of esters tested on flies, for in-
stance, a doubling of molecular weight
resulted in as much as a thousandfold
increase in efficiency. On the other hand,
the molecule cannot be too large and
complex or it will be prohibitively diffi-
cult for the insect to synthesize. An
equally important limitation on size is
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lieved to be sex attractants. The high molecular weight of most sex
pheromones accounts for their narrow specificity and high potency.
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now incorporated in our
servo motor line.
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the fact that volatility—and, as a result,
diffusibility—declines with increasing
molecular weight.

One can also predict from first prin-
ciples that the molecular weight of alarm
substances will tend to be less than those
of the sex attractants. Among the ants
there is little specificity; each species re-
sponds strongly to the alarm substances
of other species. Furthermore, an alarm
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ARTIFICIAL TRAIL can be laid down by drawing a line (colored
curve in frame at top left) with a stick that has been treated with
the contents of a single Dufour’s gland. In the remaining three
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substance, which is used primarily with-
in the confines of the nest, does not
need the stimulative potency of a sex
attractant, which must carry its message
for long distances. For these reasons
small molecules will suffice for alarm
purposes. Of seven alarm substances
known in the social insects, six have 10
or fewer carbon atoms and one (dendro-
lasin) has 15. It will be interesting to see
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if future discoveries bear out these early
generalizations.

Do human pheromones exist? Primer
pheromones might be difficult to detect,
since thev can affect the endocrine
svstem without producing overt specific
behavioral responses. About all that can
be said at present is that striking sexual
differences have been observed in the
ability of humans to smell certain
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frames, workers are attracted from the nest, follow the artificial
route in close formation and millabout in confusion at its arbitrary
terminus. Such a trail is not renewed by the unrewarded workers.
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SAAB BODY SHELL is engineered to
encase driver and passengers in a prac-
tically uncrushable steel airfoil on
wheels. SAAB is unitized for excep-
tional rigidity. 18- to 20-gauge steel
(heavier than most American cars)
is used throughout. Additional steel
members, 14 inch thick, brace trunk
and engine compartments. A crash bar,
usually a racing car exclusive, sur-
rounds the windshield for tremendous
extra strength—where you need it
most. Result: SAAB is as safe or safer
than most large cars.

1ST OVERALL WINNER—MONTE CARLO KkALLY, 1962-1963
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SAAB HAS BEEN SAFETY TESTED

the hard way. It was rolled down
Scandinavian ski slopes. Its basic over-

| all reliability has been proved in labo-

ratory tests which simulate the rough-
est driving imaginable. Purpose: to
make SAAB one of the safest cars you
can drive. On the basis of test results,
for example, SAAB provides as stand-
ard equipment such safety extras as:
collapsible steering wheel, safety-pad-
ded dashboard and visors, positive
locking seats, shatterproof glass, and
safety belt attachments.

Arrange a test drive at your nearest SAAB dealer.
Or write for more information—and the SAAB North
American Road Atlas, a 64-page comprehensive travel
guide valued at $1.00, but yours for only 25¢ to cover
postage and handling. SAAB Motors, Inc., Dept. 105,
405 Park Avenue, New York, New York.

$1895 P.O.E. (little enough for one of the world’s best engineered cars)

NEW HAVEN ¢ JACKSONVILLE
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Measure

10 Microvolts (uV) to
320 Volts (V)
TRUE-RMS of a wide
range of waveforms
and frequencies

——
—
—_—

. .. with Ballantines’ Model
320A True-RMS Voltmeter

The true-rms or “effective” voltage of white
noise, pulse, square wave, or sinusoidal sig-
nals may be measured accurately. Voltage
readings are taken from individually-cali-
brated logarthmic scales designed to provide
uniform accuracy and precision of reading
over their entire five inch length. Accuracy
is stated in % of actual reading and not in

% of full scale deflection. Model 320A may |

be used to make measurements on signals
whose peaks may be as much as 15 times as
high as the true rms of the overall signal.
The 320A measures true-rms over approxi-
mately one second of time, and special varia-
tions may be ordered for averaging readings
over several seconds.

Voltage range 100 xV to 320 V
(10 xV to 100 V in NULL DETECTOR mode)
Frequency range .............. 5cpsto4 Mc
(3 db bandwidth is 2 cps to 7 Mc)

Accuracy at ANY POINT ON THE SCALE,
ANY VOLTAGE. ......... 2%, 20 cps to 400 kc;
3%, 10 cps to 2 Mc; 4%, 10 cps to 4 Mc
Input impedance ... 10 megohms in parallel with
1or 17 pF
90 =1 db, 5 cps
to 4 Mc
DC Output to recorder.. 0.2 volts, corresponding
to full scale deflection
Power supply ..115/230V, 50-420 cps, 90 watts
Portable or rack versions available
Price: Portable $465; Rack $485.

Please write for 4-page brochure giving many
more details, referring to SA-5.

Amplifier Characteristics. .. ..

— Since 1932 —

€D BALLANTINE
LABORATORIES inc.

BOONTON NEW JERSEY
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substances. The French biologist J. Le-
Magnen has reported that the odor of
Exaltolide, the synthetic lactone of 14-
hydroxytetradecanoic acid, is perceived
clearly only by sexually mature females
and is perceived most sharply at about
the time of ovulation. Males and young

i
At

girls were found to be relatively insensi-
tive, but a male subject became more
sensitive following an injection of estro-
gen. Exaltolide is used commercially as
a perfume fixative. LeMagnen also re-
ported that the ability of his subjects to
detect the odor of certain steroids paral-

MASSIVE DOSE of trail pheromone causes the migration of a large portion of a fire ant
colony from one side of a nest to another. The pheromone is administered on a stick that
has been dipped in a solution extracted from the Dufour’s glands of freshly killed workers.
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What’s going on

at Republic Aviation?
Apollo Space Suit
life-support studies;

a Mach 2/vroL/variable-
geometry aircraft design;
fluid-power systems

for a supersonic transport;

77 parts for NASA’s Saturn;
studies for the Synchronous
Meteorological Satellite;
re-entry capsules for

NAsA’s Project Fire; the
F-105D and F-105F (two-place)
Mach 2 fighter-bombers;
guidance for the Bullpup
missile; training simulators and
control systems for submarines;
studies for the Advanced
Orbiting Solar Observatory;
electronic ground support

equipment; the Bikini Photo Drone;
the magnetic-induction nuclear gyro. ..
and too many other aerospace and

hydrospace projects to include.

And who’s

doing it?

Eighteen thousand people,
including weapon system
analysts, mathematicians,
oceanographers, nuclear
physicists, biochemists,
radiobiologists, physicians,
metallurgists, microbiologists,
plasma physicists, astronomers,
astrophysicists, psychologists,

physiologists, astrobiologists . . .

and chemical, cryogenics,
communications, radar,
guidance, orbital mechanics,
human-factors, propulsion,
acoustics, design criteria,
reliability, hydraulic,

flight dynamics, structural,
applied mechanics, nuclear,
computer, hydrodynamic,
thermodynamic and
aerodynamic engineers.
Republic Aviation Corp.,
Farmingdale, L.I., N.Y.
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The Type 321 plus average bag-
gage is normally within 40-pound
allowance. Itssizeis within usual
limits for items carried aboard
commercial airliners.

TRANSISTORIZED OSCILLOSCOPE

If you're a traveling engineer who takes his tools with him, you will
like the easy portability and operational convenience of the Tektronix Type 321
Oscilloscope.

It operates from any convenient power source—117 or 234 volts ac, 50 to 800 cps
. external 11.5t0 35 volts dc . . . or internal batteries (which can be recharged
using the internal battery charger).

It measures 8% ” high by 5% ” wide by 16}4” deep and weighs 13}4 pounds without
batteries, less than 17 pounds with rechargeable cells in the internal case.

It offers proved Tektronix features for accurate waveform displays in the appli-
cation range of dc-to-5 Megacycles.

Call Your Tektronix | Type 321, without batteries . . $820.00

) ) | Rechargeable 3.5. ampere-hour battery set . 55.00
Field Engineer | Rechargeable 25 ampere-hour battery set 36.50
For a Demonstration | Protective Carrying Case also available . . . ., 30.00

U. S. Sales Prices f.0.b. Beaverton, Oregon

Tektronix, Inc.

P.0.BOX 500 - BEAVERTON, OREGON / (Area Code 503) Mitchell 4-0161 -
Telex: 036-691 -

TWX:503-291-6805 -
Cable: TEKTRONIX - OVERSEAS DISTRIBUTORS IN 27 COUNTRIES

Tektronix Field Offices are located in principal cities throughout the United States. Please
consult your Telephone Directory « Tektronix Canada Ltd: Field Offices in Montreal, Quebec «
Toronto (Willowdale) Ontario - Tektronix Ltd.,Guernsey, Channel Islands
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' leled that of their ability to smell Exal-

tolide. These observations hardly repre-
sent a case for the existence of human
pheromones, but they do suggest that
the relation of odors to human physi-
ology can bear further examination.

It is apparent that knowledge of

| chemical communication is still at an

early stage. Students of the subject are
in the position of linguists who have
learned the meaning of a few words of a
nearly indecipherable language. There
is almost certainly a large chemical vo-
cabulary still to be discovered. Conceiv-
ably some pheromone “languages” will
be found to have a syntax. It may be
found, in other w01ds, that phelomones
can be combined in mixtures to form new
meanings for the animals employing
them. One would also like to know if
some animals can modulate the intensity
or pulse frequency of pheromone emis-
sion to create new messages. The solu-
tion of these and other interesting prob-
lems will require new techniques in
analytical organic chemistry combined
with ever more perceptive studies of
animal behavior.

DENDROLASIN (LASIUS FULIGINOSUS)
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FOUR ALARM PHEROMONES, given off
by the workers of the ant species indicated,
have so far been identified. Disturbing
stimuli trigger the release of these sub-
stances from various glandular reservoirs.



PROCESSES. To keep improving the communications products it makes for the
nationwide Bell telephone network, and hold costs down, Western Electric constantly
seeks new and better manufacturing processes. A recent example is the mechani-
zation and optimization of instruction lists for the forming of wires which electrically
interconnect the maze of circuit components in Bell telephone switching offices. A
unique digital computer program was written to provide running lists that are detailed
“roadmaps” for the cable formers, allowing them to handle a maximum number of
wires with a minimum of wire changes. The result is standardization of the way each
type of network is laid out (some units require over 10,000 separate wires), reduced
effoits of both equipment engineers and cable formers, and considerable savings to
the Bell System. Last year alone, over $250,000 was saved through fewer rejects
and more wire networks produced. Another reason why America has the finest, most
reasonably priced communications services in the world. WESTERN ELECTRIC
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OBSIDIAN BLADES were among the significant finds at El Inga.

Blades, found here for the first time in South America, were long

gt 155 08 1

VARIOUS TOOLS made from blades are shown in this photograph
made, like the others on this page, by Robert E. Bell of the Uni-
versity of Oklahoma. The two objects at the left are chisels. In the

PROJECTILE POINTS and fragments at El Inga included these
stemmed styles similar to points found at Level I of Fell’s Cave at
the tip of South America. Many of these points had “fluted” bases,

flakes struck from obsidian cones to serve as knives and as
generalized blanks from which a wide variety of tools was fashioned.

_'-' St - Tt

=g .

middle is a pair of gravers, pointed tools for cutting designs on
stone or bone surfaces. At the right are two “strangulated,” or
notched, blades that served as spokeshaves for shaping round shafts.

as in the case of the two in the middle of the top row and the sec-
ond, fourth and fifth from the left in the bottom row. All the
tools shown on this page are reproduced at about their actual size.
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Early Man in the Andes

A rich assemblage of obsidian tools has been discovered at Ll Inga,

high in the mountains of Ecuador. It may- provide a long-sought link

between the prehistoric men of the U.S. and those of South America

jectile point was found near Folsom,
N.M., in unmistakable association
with the bones of a long extinct species
of bison. The discovery stimulated the
search for further traces of the Paleo-
Indians who had made the points and for
evidence of the migrations of the men
who first populated the New World. It is
now fairly clear that the first Americans
were nomadic hunters who crossed the
Bering Strait from Asia on a land bridge
that existed at the end of the last glacial
period. As early as 10,000 years ago they
had diffused across what is now Canada
and the U.S. and down the spine of the
Americas all the way to the Strait of
Magellan. Filling in the details of this
broad outline has proved to be difficult:
the archaeological trail is faint. Investi-
gators have found very few skeletal re-
mains of the earliest men and hardly any
artifacts made of perishable organic ma-
terial that can be dated by the radio-
active-carbon method. They have had to
rely almost entirely on one kind of evi-
dence: bits of worked flint and obsidian,
the fragmentary weapons and tools of
the ancient hunters, unearthed at sites
from Alaska to the tip of South America.
By comparing the kinds of tools at
various sites, their shapes and the precise
chipping techniques by which they were
tashioned, investigators are establishing
relations among sites in the circump()]ur
region and reconstructing early man’s
movements across the U.S. in some de-
tail. In recent years they have been able
to find traces of North American tool in-
dustries as far south as Mexico and Cen-
tral America. Below the Isthmus of
Panama, however, the trail of these cul-
tures seemed to end abruptly. Most sites
in South America yielded quite different
artifacts; their cultures seemed to be
only obscurely related to one another

In 1926 a distinctive kind of stone pro-

by William J. Maver-Oakes

and were not linked to the north. There
was good evidence that menhad camped
in caves near the Strait of Magellan some
10,000 years ago but nothing to explain
how quickly and by what route they had
arrived there. What was needed was the
discovery of a tool assemblage of suffi-
cient size and richness to show relations
among the various sites in South Amer-
ica and perhaps also a link to North
American origins.

For the past three years Robert E. Bell
of the University of Oklahoma and I
have been investigating just such a site
high in the Andes near Quito in Ecuador.
El Inga, as we have named the place, ap-
pears to have been a workshop and
campsite for some of the first South
Americans. Its location confirms a cur-
rent belief that the early migrants were
a highland people who followed a moun-
tain route, thus maintaining a fairly
constant climatic and ecological en-
vironment as they moved through the
equatorial regions to the sub-Antarctic.

El Inga was discovered by an Ameri-

can geologist, A. Allen Graftham,
who worked in Ecuador from 1956 to
1959. Graftham is also an amateur ar-
chaeologist, and he often went on week-
end outings with his family in search of
sites and specimens. On one such excur-
sion he came on a group of heavily
eroded hummocks some 15 miles from
Quito, near the gorge of the Rio Inga at
an altitude of 9,100 feet. Scattered over
the surface he noticed pieces of obsidian,
a volcanic glass, that he quickly decided
had been shaped by man and might
represent a significant archaeological
find. Graffham gathered some speci-
mens; when he returned to the US. he
took the collection to Bell, who agreed
that his find was significant. The ob-
sidian ()bjects were pr()jectile points

© 1963 SCIENTIFIC AMERICAN, INC

and other tools that had been carefully
worked by distinctive techniques, some
of them reminiscent of the stoneworking
methods of the Paleo-Indians in the
North American Plains region.

Bell was particularly impressed by
some of the fragments. They appeared to
be the bases of lanceolate, or lance-
shaped, spear or dart points and they
were “fluted”; that is, “channel flakes”
had been chipped from the bases parallel
to the long axis of the points. Both shape
and fluting resembled those of the Fol-
som points and the closely related Clovis
points found in the western and south-
western U.S.

When Bell invited me to examine the
find, I was struck by another aspect of the
collection. For me the most distinctive
items were several “fishtail”’-stemmed
points identical in shape with points un-
earthed nearly 30 years ago at the Strait
of Magellan sites by Junius B. Bird
of the American Museum of Natural
History. Bird had found these points,
sometimes associated with the bones
of extinct sloth and horse species, in ex-
cavations at Palli Aike and Fell’'s Cave
in a level he called Fell’s Cave 1.

It was apparent to us that excavations
at EI Inga might provide the link that
had been lacking between the Paleo-In-
dians of the Plains region and the men of
Fell's Cave and so tell much about the
nature of the north-south migrations.
The El Inga collection might also show
us how the style characteristics of projec-
tile points could serve in South America,
as thev had in North America, as signifi-
cant markers for dating occupation
levels and interrelating a number of sites.

In the fall of 1959 T joined Bell at the
University of Oklahoma, and the next
January we flew to Quito. Graftham had
suggested that we go out to El Inga as
he had—by taxi. This seemed a rather
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MAJOR EXCAVATIONS got under way at El Inga in June, 1961,
on the largest uneroded hummock from which rain had been wash-

mundane way of penetrating the high
Andes to a newly discovered prehistoric
site, but we found the driver he recom-
mended and set out, armed with a sketch
map of the site and the route to it from
Quito. Beyond the little town of Tum-
baco the dirt road forked and there were
the landmarks indicated on the map:

0 R

EL INGA is in northern Ecuador, east of Quito, between Tumbaco
and Pifo on the map at the left. The center map shows the location
of the site, on a trail that branches from the road along the Rio

118

trail, bridge, mountain and, right next to
the road, the eroded hummocks. But
something else made us certain we had
relocated EI Inga. It was obsidian. The
surface was littered with pieces of the
shiny black glass.

Erosion had done the preliminary ex-
cavating here: rain water had cut into

V
| TUMBACO

EL- INGA D
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ing the obsidian artifacts. The mountain ridge in the background,
to the southeast, is the last one before the Amazon drainage basin.

the hummocks, washing the artifacts of
early man out of the topsoil onto exposed
patches of the underlying hardpan, and
they lay there in plain view. We spent
the day scouting the area and picking up
loose obsidian. For the next two weeks
we commuted to the site daily, collecting
artifacts from the surface and digging

EL INGA

Inga gorge. The major excavation, laid out in five-foot sgnares,
is shown at the right. The 10-foot squares (hatched) are the three
“stratigraphic blocks”

(see text) ; test pits are shown in black.



two ﬁve—foot—squure test pits in an un-
eroded area. We found that there was a
top level of soil, from eight to 10 inches
deep, that had been periodically dis-
turbed by plowing. Then came a darker
band of unplowed soil, the “midden,” in
which most of the obsidian lay. This lev-
el extended to 18 or 20 inches below the
surface and was underlain by a vellow
hardpan, a consolidated volcanic tuft
that contained no obsidian.

]n two weeks we collected almost 600

pounds of obsidian, which we shipped
back to Oklahoma. When we set to work
sorting through the material and classi-
tying it, the haul proved to be richer than
we had expected. There was, first of all,
a large sample of all the kinds of objects
Graffham had brought back: points,
scrapers, gravers and other tools. But we
also found something new: a number of
nicely fashioned parallel-sided flakes,
smooth on one face and faceted with a
tew long surfaces on the other. These
were “blades”: flakes struck from spe-
cially prepared conical obsidian “cores”
and subsequently used as knives or
blanks from which many different spe-
cialized tools could be made. Flint or
obsidian cores and blades are the hall-
mark of a number of rather advanced
tool industries and are characteristic in
particular of several Upper Paleolithic
cultures in Europe and Asia. We knew
that blades had been found at a few
sites in North America and that they
were typical of the pre-Columbian Mexi-
can obsidian industries. But so far as we
knew they had not yet been seen in
South America.

In this preliminary search through the
material we found one other significant
detail. Among the numerous randomly
shaped pieces, many of which were waste
material from the toolmaking process,
we noticed a number of peculiar flat-
sided flakes of a distinctive shape. We
suspected that they might have some-
thing to do with a burin industry, some-
thing so far unknown south of the U.S.
Burins are special tools made by a spe-
cial technique. They are chisel-pointed
groovers or engraving tools fashioned by
striking the end of a blade or a piece of
a blade in such a way that slivers are
split away to leave a cutting edge [see
illustration on page 128]. The peculiar
flakes we saw appeared to be burin
spalls, or slivers. Like most New World
archaeologists, we were not closely
acquainted with burin technology. But
the indicated presence of burins at
El Inga, combined with the presence of
blades, suggested a strong connection

40

BERING TH Ay wo 10 120 o
180 80

ADENBIGH 1,2, o

140

A
Re; a3
A
L A | ! ]
M
—_— A MEIER 1 1
2 =N ASl R DRAW
—
c W 'A." A B! R I
D LEVY & .:‘ h oy HOO!
A | | 1
RIEGD & U
A
- A e L A N T | C
ACTS
FPALE &
o AL JOB] 4
$ O
> < | CEAN
> APAIJAN "4
< ALAURICOCHA 4
A |
Al \
J i I
| .:': .'!
| BURIN 2. BLADE

b Y LY

3. FLUTED 4. LEAF- 5 FELL'S CAVE
LANCEOLATE SHAPED  STEMMED
POINT POINT POINT

NEW.WORLD DISTRIBUTION of El Inga traits is shown on this map. Five significant
El Inga artifacts are shown at the lower right and their occurrence at various sites is indi-
cated by the numbers on the map. The importance of El Inga lies largely in the variety of
its artifacts, suggesting relations to sites widely scattered in North and South America.
The pattern of the sites on the map suggests how early men diffused through the Americas.
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ized grooving tool. The small hemispheric core (f) is seen from
above. The large point (g) is in a modified lanceolate style. In the
bottom row there are three anifacial tools, chipped only on one
face: a blade (h), an end-and-side scraper (i) and a strangulated
blade, or spokeshave (j). All tools are drawn at their actual sizes.
The Ayampitin point (c) is basalt; all the other tools are obsidian.

STYLES AND TECHNIQUES represented at El Inga are illus-
trated. Four different point styles are shown in the top row: the
broken base of a Clovis-style point, fluted on both faces (a), a
small Fell’s Cave stemmed point (b), a leaf-shaped Ayampitin
point (¢) and a long-stemmed point peculiar to El Inga (d). The
smooth, intricately chipped object (e) is an angle burin, a special-
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with the northern cultures. El Inga de-
served further investigation.

In the summer of 1961 Bell spent three
months excavating the new Andean
site. A large crew of local farmers and
villagers cut a trench 200 feet long and
five feet wide along the axis of the larg-
est uneroded hummock. Then they ex-
panded it where possible until some
5,000 square feet had been excavated in
five-foot squares to an average depth of
two feet—deep enough to penetrate the
hardpan. We had noted from our 1960
test pits that there did not seem to be
any correlation between the differences
in the styles of the points and tools and
the levels from which they had been
recovered. But in such situations careful
statistical classification of an excavated
collection sometimes reveals changes in
style and technology over a period of
time. This kind of study requires that a
large number of items be recovered and
that they be kept separated according to
the depth at which they were found.
Bell had the workers dig carefully,
slicing off the hard, dry soil in four-
inch layers, screening each shovelful for
pieces of obsidian and collecting the
pieces from each four-inch level of each
five-foot square separately. In a further
cffort to preserve whatever time se-
quence existed, Bell prepared three
“stratigraphic blocks”: 10-foot squares
that were first isolated from the sur-
rounding earth and then excavated only
two inches at a time. By the end of the
season he had a sample about as large as
our first collection, but it came from
throughout the mantle of soil as well as
from the surface, and we knew precisely
where each item had been found.

Unfortunately this major excavation
failed to uncover any other explicit signs
of occupation: no human burials or ani-
mal bones, no storage or garbage pits, no
fireplaces. As a result we have no char-
coal that can be subjected to radio-
active-carbon dating. The fact that the
undisturbed cultural deposit is between
eight and 12 inches thick indicates that
more than one occupation level may be
represented. The variety of point styles
and tool types also suggests that dif-
ferent cultures may be represented, per-
haps covering as many as 4,000 or 5,000
years of intermittent occupation. The
presence of different kinds of tools and
quantities of waste material would seem
to mean that El Inga was not merely a
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hunters’ kill site but a combination
workshop and campsite. Perhaps it was
convenient to a good hunting area as
well as to the extinct volcano Antisana,
21 miles to the southeast, where the

TIME SEQUENCE of three major early projectile-point styles in prehistoric South Amer-
ica is suggested here on the basis of the available evidence. Two of the El Inga points are
judged to be very early because of their similarity to Fell’s Cave Level I styles; others
either look like or appear to be related to points from later levels at other sites. This ten-
tative arrangement can be revised as firm dates are obtained for more of the early-man sites.
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hunters may have obtained their obsid-
ian. All this is speculation. More definite
conclusions must be based on detailed
examination of the tools.

With Bell’s return to Oklahoma in the
tall of 1961 the detailed studies began
in earnest. From the more than 15,000
pieces collected from the surface we
selected for study 6,500 specimens that
obviously were fashioned, functional
tools. I have been analyzing this collec-
tion at the University of Manitoba while
Bell works at Oklahoma with the 1961
excavation finds. The El Inga assem-
blage as a whole is characterized primar-
ily by a wide variety of “unifacial” tools
—tools made by chipping away at the
upper, or faceted, surface of a blade. In
the surface collection I have counted
some 200 small hemispheric cores from
which the blades were struck. The size
of the cores suggests that they must have
been worked down to become tools (of
unknown function) in themselves after
having vielded as many blades as possi-
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INITIAL TRENCH was laid out along the major axis of the hum-
mock. It was 200 feet long and five feet wide. The crew ex-

ble. There are more than 500 blades and
many hundreds of scrapers, gravers,
chisels and other tools made on blades.
So far I have found about 50 burins
and several hundred burin spalls. An-
other group consists of bifacial tools—
tools chipped on both faces. These in-
clude crude choppers, cleavers and food
grinders made of basalt as well as knives
and scrapers made of obsidian, and of
course the points. The 23 complete pro-
jectile points and 204 fragments are in a
number of different styles: thev are
stemmed in the Fell's Cave style; lanceo-
late, leaf-shaped and long-stemmed.
Manv of the Fell’s Cave and lanceolate
points are fluted. (It is possible that
some of these merely appear to have
been fluted. Having been fashioned from
blades, they may still retain the original
chipping pattern of the blade surface,
which might account for their fluted
appearance. )

The discovery of this diverse stone-
tool technology, the like of which had

not been seen before in the New World,
comes at a time when a number of work-
ers are turning their attention to the early
hunting cultures of South America. Ex-
cavations in Venezuela, Peru, Bolivia
and Argentina have vielded a variety of
projectile points and other tools, and
investigators are just beginning to see
the outlines of an early highland culture
pattern. South American archaeology, in
other words, is about at the stage of
North American early-man investiga-
tions in the late 1920’s and early 1930’s,
when the Folsom points were being
sought as the distinctive feature of the
Paleo-Indian culture. The first discover-
ies have been made and are leading to
others, and the task of synthesis is under
way.

Ten years ago fluted points were
found for the first time south of the U.S.
border in Costa Rica. By now these
points have also been identified in
Mexico, Guatemala and Panama. Inter-
estingly enough, the points from Costa

cavated slowly, digging down four inches in a five-foot square,
screening the earth for obsidian and then repeating the process.

STRATIGRAPHIC BLOCKS, prepared so that obsidian objects

could not fall to a spurious level from the walls of the trench,
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were excavated two inches at a time to assure precise verti-
cal control. Here the top level of a block is being cut away.



Not every manufacturer can make square holes in small metal
parts produced to high-precision standards.

We can and do . . . routinely.

Components like the ones displayed above

are destined for aircraft gas turbine engine control systems,
for missiles and space probes. Square or odd-shaped ports
are just one of the often unusual requirements specified

for such mechanisms. Others involve finishes of

extreme flatness and production tolerances measured in
millionths of an inch.

Manufacturing skill, so much a part of our business,

has earned high regard for CECO as a subcontractor.

We would be happy to send you a new brochure outlining
Chandler Evans products, facilities and capabilities.
Please ask for it on your letterhead.

*At least three ““square holes” can be seen—one in the component

located second from the top, far left; two in the component
located below the center of the matchbooks. There are others.

A major industrial component of Fairbanks Whitney Corporation

gas turbine fuel controls/pumps ° "aerospace control systems/servos
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Chandler Evans Corporation . wesr uarrroro 1, connecTicut

How many ‘“‘square holes” do you see in this picture?

/"CECO
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One phase of Hughes ploneermg work in underwater visibility—where the effects of various conditions on closed circuit TV are gathered first hand

How far can TV ‘‘see’” underwater? How
does sound behave in the sea? Are there
unexploited new techniques which could
be useful in this hostile environment? These
are questions which are being answered by
Hughes engineers and scientists aboard
oceanographic ships and at land facilities.
Each answer is a vital link in a massive
struggle — to know the sea is to control it.
And while we know a great deal about the
atmosphere and space beyond —we know
less about the sea even though it holds
much greater potential usefulness.

One of Hughes most important activities is
in Sonar — Sound Navigation and Ranging
— presently man’s most effective tool in un-
dersea defense and exploration.

For example, as submarines have become
more capable — diving deeper, running far-
ther and faster — we are obliged to develop
more effective means of detection, classifi-
cation and localization. Working with the
U. S. Navy, Hughes scientists and engi-
neers are engaged in all aspects of research,
development, production and installation of
sonar systems. They are being developed
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for surface vessels, submarines, aircraft and
for the ocean’s floor.
Some specific programs include submarine-

_— e

radiation measurements, analytical and
acoustical testing, classification and method-
ology studies, and the development of

The 100-foot Tilman J oceanographic vessel is
one of two research ships docked near Hughes
plants — just minutes from deep water. Fully in-
strumented for military and commercial work, it
has a 5,000-mile range.

MOBOT* is lowered into one of the two test
tanks maintained by Hughes for underwater re-
search. This 105,000-gallon tank is one of the
largest facilities for acoustic transducer tests and
noise field measurement studies.

*Trademark Hughes Aircraft Company

CREATING A NEW WORLD WITH ELECTRONICS



transducers, acoustic array systems, high
gain receivers, sonobuoy systems, helicopter
sonar and advanced data processing and
display systems.

Other Hughes programs, undertaken in co-
operation with major oil companies and
other groups, include the remote-controlled
MOBOT?* systems and new varieties of dy-
namic ship positioning devices. MOBOT*
is today working the ocean’s depths—devel-
oping oil fields and other permanent sea
floor installations.

These activities, and others, owe their useful-
ness to a Hughes belief that the only way to
understand the sea is to work with it. That
new ideas and new equipment can prove
their mettle only when subjected realisti-
cally to the rigors of the ocean environment.
Engineers and scientists with abilities and
interest related to these or other Hughes
programs in advanced electronics and space
are invited to inquire. Hughes is an equal
opportunity employer. Please address Mr.
S. L. Gillespie, Manager Employment and
Manpower, Hughes Aircraft Company,
Culver City 28, California.

Rica and Panama are much like the El
Inga fluted lanceolate points: they were
struck from blades and are somewhat
modified versions of the typical northern
points. A different kind of evidence
comes from Venezuela. The El Jobo as-
semblage there is quite unlike the Cen-
tral American industries but is marked-
ly similar to the Angostura industries
that followed the fluted-point era in
North America. All this evidence of
relations between the Americas is ten-
tative and suggestive; it may well be re-
inforced by the presence of lanceolate
points at El Inga.

The implications of EI Inga’s leaf-
shaped and stemmed points are less
clear. Various versions of the leaf-shaped
point have been found at sites in South
America. One style takes its name from
the Ayampitin level at Intihuasi Cave
in Argentina, where it was found in a
context carbon-dated at 6000 B.c. El
Inga has yielded points in this style and
others, some apparently earlier and
some later than Ayampitin. As for the
stemmed point, its typical style, from
the very old Fell’s Cave level, has now
been entered in the record from El Inga.
A long-stemmed variety that may have

STEMMED POINT from Fell’s Cave Level
I is in the collection of the American Mu-
seum of Natural History in New York City.
Made of basalt, it is 2.17 inches long.
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developed from it is also represented
at the Ecuadorian site and, in slightly
different form, at Paijan in Peru. And
just recently Ripley P. Bullen of the
Florida State Museum and William
Plowden, Jr., reported finding fluted,
stemmed points far to the north, at La
Esperanza in the highlands of Honduras.

What is not yet determined is just
how characteristic these various point
styles are of specific peoples and times.
If more firm dates are established for
certain _styles, and if it can be shown
that they are good “horizon,” or time,
markers, tracing their occurrence across
the continent should eventually recon-
struct the pattern of early man’s no-
madic wanderings. The lack of dates at
El Inga and many other sites is a handi-
cap in this effort. But the fact that the
leat-shaped and stemmed varieties both
occur at El Inga may yet lead to an in-
sight that will make the whole jigsaw
puzzle complete. La Esperanza may be
a valuable additional source of infor-
mation; Bullen and Plowden found
blades—a sign of northern influence—in
association with stemmed points there
just as we have at El Inga.

Point styles and point technology

CLOVIS POINT from Black-Water Draw in
New Mexico is made of chalcedony and is
3.07 inches long. It is in the University
Museum of the University of Pennsylvania.
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#2 in a series by Ultek Corporation,
authority on almost nothing

e 9
QUESTION: who discovered

the BoostiVac*
principle?

ANSWER: .t

———

This claim, as far as we know, hasn't
yet been challenged by Pravda; until
then, the credit will go to our modest
president. He did invent the BoostiVac
(as well as the ion pump), a fact which
has brought joy into the lives of many
people interested in simulating the con-
ditions of outer space, depositing thin
films, processing vacuum tubes, and
related applications involving clean,
contaminant-free high vacuum.

Whereas a conventional ion pump traps
gas particles by ensnaring them in
sputtered titanium, the BoostiVac com-
pounds this useful feature by an entire
order of magnitude — making it possi-
ble, for example, for a nominal 20 liter
per second ion pump to pump away at
the remarkable speed of 140 liters per
second. The secret is in combining the
cold-cathode ion pump with a titanium
sublimator, providing additional titanium
which captures copious quantities of
chemically active neutral gas molecules
generated by the cold-cathode dis-
charge. If you thirst for fuller explana-
tion, a brief exposure to our intriguing
52-page treatise “A little bit about al-
most nothing” is in order. Ask for our
booklet #69.

BOX 10920, PALO ALTO, CALIFORNIA

Offices in New York, Boston, Cleveland, Chicago,
Philadelphia, Los Angeles, Seattle, Palo Alto; repre-
sentatives in major cities overseas

*Foreign patents granted; U.S. Patents pending: Ultek TM
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TERRAIN AT EL INGA is examined by Robert E. Bell of the University of Oklahoma,
with whom the author has collaborated in the investigations reported in this article. Bell is
pointing to the contact between the obsidian-bearing “midden” and the light-colored sub-
soil exposed by erosion. This photograph was made during a preliminary field trip in 1960.

aside, El Inga has a fascination that
| makes it unique among South American
| sites, and perhaps among all New World
sites. This special quality stems from the
sheer size and variety of the complex
and the fact that it is a core-blade in-
dustry that includes burins. We were so
intrigued by the burins that we asked
Jeremiah F. Epstein of the University
of Texas, who had studied burin tech-
nology in detail, to examine a portion
of our collection. He too was surprised
at the number and variety of burins and
burin spalls. Having just spent the sum-
mer excavating an Upper Paleolithic site
in southern France, he was struck by
the similarities between this Ecuadorian
tool industry and the French material.
We borrowed a French Upper Paleo-
lithic collection from the University of
Minnesota and saw that both the French
flint and the Ecuadorian obsidian in-
| dustries were based on blades struck

from cores and included burins and bi-

facial tools. Many of the tools in the

two collections were almost identical,

the only real differences seemed to be
. that the obsidian items were smaller

than the flints and had finer and more

complex chipping patterns. We are not
| proposing that there was a direct connec-

tion of any sort between the Old World
| culture and El Inga. No such link need
| be postulated. Most New World archae-
‘ ologists would probably say that the first

men who crossed the Bering Strait from

Asia were an Upper Paleolithic people.

“Upper Paleolithic” covers a long time
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span—perhaps 35,000 to 40,000 years—
and Stone Age cultures persisted almost
unchanged for many thousands of years.
It is quite reasonable to expect that re-
lated Upper Paleolithic cultures and
peoples existed in Europe and Asia, and
that somewhere in China or Asiatic Rus-
sia someone will one day find tools that
suggest the direct source of the earliest
New World cultures. Recent work in
Siberia and Japan has yielded tantaliz-
ing hints of such Asiatic sources but no
unequivocal evidence.

In a way the correspondence between
the Ecuadorian and the French tools is
unfortunate. It is easy to make sweeping
comparisons between New World and
Old World cultures and to apply the
terminology of the Old World Paleo-
lithic without much reason or precision
in South America. What really counts is
not broad comparisons but specific re-
lations among sites within reasonable
distances of one another. As the analysis
of the El Inga finds proceeds and as oth-
er finds of core-blade industries in the
New World and in Asia are reported, it
should be possible to establish relations
between El Inga and more geograph-
ically appropriate sites than one in
southern France.

In this effort we shall not be making
comparisons based on gross categories
such as “hand axes,” a practice that has
often led to glib conclusions in the past.
We shall be comparing very specific tool
types: a “strangulated” blade (a blade
notched to form a concave edge with



Decision-Making: Hostile or not Hostile?

A few years ago this decision was relatively
simple. The action that followed was rela-
tively simple. Today the consequences of
this type of decision-making can be enor-
mous, affecting world-wide forces and
events. The decision itself may trigger an
incredibly complex series of interacting
decisions and controls. In making these
compressed-time decisions, commanders
use man-machine systems which provide
information processing assistance. The de-
velopment of these large systems is the
work of scientists,engineers and computer
programmers at System Development Cor-

poration. The system is their concern, not
the actual design of hardware. Specifi-
cally, they contribute in these key areas:
defining the requirements of the system,
synthesizing the system, instructing the
computers within the system, training the
system, evaluating the system. Throughout
they seek to optimize man-computer rela-
tionships and to develop a system which
grows and changes with the needs of the
decision-makers who use it. Human factors
scientists, operations research scientists,
systems-oriented engineers and com-
puter programmers interested in joining a
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close interdisciplinary effort are invited to
write concerning new positions in this ex-
panding field. Address Dr. H. C. Best, SDC,
2430 Colorado Ave., Santa Monica, Cali-
fornia. Positions are open at SDC facilities
in Santa Monica; Washington, D.C., Lex-
ington, Massachusetts; Paramus, New
Jersey; and Dayton, Ohio. “An equal op-
portunity employer.”

2 SDC

System Development Corporation

Systems that help men make decisions and exercise control
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which to shape arrow or spear shafts)
or an “angle burin on a break” (a burin
made on the broken end of a blade). We
shall be looking at details of style and
technique. This microanalytic approach
gives promise of dredging up far more
information from a site or indeed a sin-
gle piece of stone than has previously
been possible. Perhaps there are, in tool
collections long considered safely de-
scribed, typed and filed away, bits of
evidence that can be reassessed in the
light of the EI Inga discoveries. Already
Epstein has found burins at west Texas
sites and in other New World complexes
where they had been overlooked simply
because they are hard to identify.

n addition to pressing ahead with

our analytical study of the El Inga
material and comparing it with other
tool complexes, we are anxious to make
an intensive survey of the Ecuadorian
highlands. There are many indications
that El Inga does not stand alone.
With luck we may find at other sites in
the area additional evidence that is lack-
ing at El Inga, including even some
skeletal remains of the early men. At
least we should obtain some good or-
ganic samples for radioactive-carbon
dating, and animal bones that will tell
us what these early hunters hunted and
provide information on their environ-
ment. New field work is also needed
elsewhere in South America, and this
too should be stimulated by EI Inga.
In the long run we expect that the

We threw away the “book’ and
built a better ice detector!

At United Control, we threw out the established
design methods and found a fresh, simple solution
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to ice detection waiting to be discovered. This
solution makes United Control’s new Ice Detection
System the only fast, truly reliable icing sensor
ever designed. The solid-state, completely en-
cased probe has no holes to clog, no delicate
parts exposed, and needs only an occasional wipe-
down to sustain accurate operation. It utilizes a
radioactive source (safer than the dial of your
wristwatcgh), an aerodynamically-ideal sensing sur-
face, and®a Geiger-Mueller tube. As little as 0.015
inches of ice interrupts a narrow beam of “beta”
particles, closing the control circuit and energiz-
ing the de-icing system and ice warning light. The
probe is then quickly de-iced to provide contin-
uous icing rate signals.

This system has proved itself on several fixed-
and rotary-wing production aircraft. If ice detec-
tion and control are your problems, United Control
will be happy to arrange a screening of its special
film showing the system in action. For more de-
tails on ice detectors or the family of temperature,
environmental, flight and propulsion controls, or
accessory systems and components, call United
Control: serving the aerospace industry—where
reliability counts.

UNITED CONTROL CORPORATION

Overlake Industrial Park, Redmond, Washington « Phone: 206-885-3711, TWX:
206-999-1874 « Palomar Scientific Corporation and United Data Control, Inc.—5Subsidiaries
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Ecuadorian workshop and campsite will
be significant not only for its rich col-
lection of points and tools but also as a
fertile source of research leads for inves-
tigators of early man in the New World.

BURIN was fashioned by striking succes-
sive spalls, or slivers (right), from a blade.
The next burin blow (at the arrow) would
split away a spall outlined by the broken
line. Striking successive spalls may have
been the means of sharpening a dull burin.



Life support for

The NASA-McDonnell Project Gemini is the major link
between Project Mercury and Project Apollo (this
nation’s first flight to the moon). It will give our space
effort vital information on prolonged spaceflight effects
and will also be used to test space rendezvous techniques.

Gemini’s advanced environmental system will keep the
spacecraft’s two astronauts comfortable for two weeks of
continuous orbital flight. Garrett-AiResearch builds the
system that provides a breathable atmosphere, pressuri-

14 days in space

zation, temperature control, ventilation and atmosphere
purification in the two-man spacecraft and in both
astronauts’ suits for the entire flight. AiResearch also sup-
plies the supercritical cryogenic oxygen and hydrogen
tankage system for the fuel cell power supply.

This major contribution to the advancement of space
travel is one more example of Garrett’s proved capability
in the design and production of vital systems and their
components for man’s most challenging exploration.

Garrett International S. A,
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THE GARRETT CORPORATION ¢« AiResearch Manufacturing Divisions ¢« Los Angeles 9,
California « Phoenix, Arizona » other divisions and subsidiaries: Airsupply-Aero Engineer-
ing » AiResearch Aviation Service « Garrett Supply * Air Cruisers * AiResearch Industrial

¢ Garrett Manufacturing Limited Garrett (Japan) Limited
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THE MEASUREMENT OF MOTIVATION

A basic human attribute that has long resisted im'estigation can

now be measured with the help of a simple device. The key to the

measurement 1s what Impp(‘ns when the sul)jcct 15 gi\'en a short rest

ithout motivation the work of
the world would never get done
and the history of man would

be a blank tablet. Yet no aspect of human
behavior has proved more resistant to
analysis and measurement. The effort of
psychologists to grapple with drive and
motivation has evoked a remarkable va-
riety of unsatisfactory solutions, rang-
ing from purely semantic exercises to
pseudomathematical treatment of non-
existent data. As a result there is still no
generally accepted method of measuring
the degree of motivation under which a
person is working at any purticular time.
In this article I shall describe some re-
cent advances in theory and experiment
that look promising and that suggest that
valid measuring techniques may at last
be in sight.

Let us start with a common-sense sort
of idea. We would normally expect a
highly motivated person to do a given
job better, quicker and with fewer er-
rors than a person who is poorly moti-
vated. If so, why not use performance as
an index of drive or motivation? The
answer, of course, is that performance
depends not only on drive but also on
innate ability, hand-eye co-ordination
and a host of other things, as well as on
a person’s experience in performing the
task, which one can call habit. If an ex-
periment is well designed and is per-
formed with enough subjects, however,
one can minimize most of the variables,
such as innate ability, and one is left
chiefly with drive and habit strength.
Given equal habit strength, one would
expect subjects with higher drive to
achieve better performance. Unfortu-
nately there is evidence that the relation
between drive and performance is not
simple; as drive increases, performance
indeed tends to improve—up to a point.
Once this optimum has been reached
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further increase in drive leads to a
worsening of performance.

This optimum is not to be found in the
same place for each experimental sub-
ject, nor for each task. It turns out that
for complex tasks optimum performance
is achieved when the drive is relatively
low; only for simple tasks is the optimum
achieved with relatively high drive. This
is the Yerkes-Dodson law, originally
proposed by Robert M. Yerkes and John
D. Dodson of Harvard University before
World War 1, and it has received much
confirmation since |[see illustration on
opposite page]. The validity of this law
is widely recognized in everyday life,
for example by the coach who tells an
athlete that he is trying too hard.

The explanation of this apparent para-
dox is that in complex tasks the pre-
dominant habits are likely to be poorly
adapted to the performance of the task,
so that the drive potentiates wrong
habits rather than right ones. Learning is
thereby made more difficult because the
wrong habits, powered by strong drives,
are more difficult to eradicate. The re-
sulting rigidity of behavior has often
been linked observationally—and more
recently experimentally—with neuroti-
cism, a condition in which strong emo-
tion provides the drive that pushes
motivation beyond the optimum level.

[n our effort to measure motivation at

the University of London we have
obtained promising results with a simple
device called the pursuit rotor [see il-
lustration on page 132]. It consists of a
hard-plastic turntable into which is set a
small metal disk that constitutes the tar-
get. While the turntable is revolving at
60 revolutions per minute the subject
tries to hold a metal stylus in continuous
contact with the target. Contact activates
an electric clock that integrates time-on-
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target over successive 10-second periods.
At the beginning few people achieve
more than about 5 per cent of time-on-
target, but with a few hours™ practice
many can reach values of more than 90
per cent. Women tend to be worse than
men, and intelligence is not much help.
One version of the target consists of con-
centric rings rather than a single bull’s-
eye; scores can then be weighted accord-
ing to distance from the target center.

The illustration on page 133 shows
the typical result we get from experi-
ments with this instrument when we
average scores for groups of subjects.
Plotted are the performances of two
groups of subjects, one working under
conditions of “massed,” or continuous,
practice (the lower set of curves) and
the other working under conditions of
“distributed” practice (the upper set).
For the former group the task consisted
of three sets of 30 consecutive 10-second
performances separated by 10-minute
rest periods. The latter group was given
a 30-second rest period between each
10-second performance and in addition
was given 10-minute rest periods on
two occasions. It is obvious from the
illustration that the 30-second rest peri-
ods were extremely effective in increas-
ing performance; after a total of 15 min-
utes” practice the distributed-practice
group was on target about 60 per cent of
the time, whereas the massed-practice
group was on target only about 25 per
cent of the time. How do we account for
this difference? The theory to be pre-
sented here is due largely to Clark L.
Hull of Yale University and was spe-
cificailv applied to drive measurement
by Gregory A. Kimble of Duke Univer-
sity. The precise form given here, how-
ever, differs in many ways from the early
presentations.

There is considerable evidence in the



work of experimental psychologists for
the existence of “reactive inhibition”;
this is a kind of neural fatigue that makes
it more and more difficult to pay at-
tention to the task and to perform it
at a high level of adequacy. The fatigue
appears to increase as practice contin-
ues and to dissipate whenever practice
ceases. It represents a negative drive,
and in order to determine “effective
drive” it should be subtracted from the
positive drive under which the organism
is working. In this view the massed-
practice group is inferior to the distrib-
uted-practice group because the former is
working under a heavy load of inhibition;
the latter is constantly dissipating inhibi-
tion during the numerous rest pauses
interpolated between work periods.

If this were true, we should expect the
massed-practice group to have got rid of
its load of inhibition during the 10-min-
ute rest periods that were provided after
five minutes and again after 10 minutes
of work. Indeed, it will be seen that per-
formance after the rest period, compared

with performance before the rest period,
is distinctly improved. This increment in
performance, often observed to follow a
rest pause, is technically known as “remi-
niscence.” The well-demonstrated phe-
nomenon of reminiscence gives strong
support for some such theory as the one
here outlined. As a measure of remi-
niscence we use the difference between
the performance scored immediately be-
fore and that scored immediately after
the 10-minute rest period.

It can be shown that if a trial is con-
tinued long enough without a rest period,
performance will actually fall to zero.
How can this be accounted for? Accord-
ing to our theory reactive inhibition, or
negative drive, can build up until it com-
pletely cancels whatever drive the sub-
ject possesses to start with. At this point
performance simply ceases. This cessa-
tion of performance is known as an in-
voluntary rest pause, or “block,” and has
been frequently observed since the
1930’s, when Arthur G. Bills of the Uni-
versity of Chicago first drew attention to

it. More recently it has been found that
in an electroencephalogram such invol-
untary rest pauses coincide with the ap-
pearance of the large, slow brain waves
characteristic of sleep.

Involuntary rest pauses are usually
brief. Inhibition quickly dissipates and
effective drive returns to give rise to
some measurable performance. Imme-
diately inhibition increases again until
another involuntary rest pause occurs,
and in this thermostat-like fashion per-
formance rises and falls. A schematic
representation of such a performance
curve is presented at the top of page 134.
Although involuntary rest pauses actual-
ly occur in our massed-practice trials on
the pursuit rotor, they are concealed
within the single values representing the
summed performance for a 10-second
trial. As we shall see, however, the invol-
untary rest pauses, when performance
falls momentarily to zero, do drag down
the over-all performance of the massed-
practice group.

If a rest period can remove accumu-

e ! DIFFICULT

PERFORMANCE LEVEL —>

MOTIVATIONAL LEVEL ———>

MOTIVATION AND TASK DIFFICULTY influence performance
in a complex way, as shown by this schematic illustration of the
Yerkes-Dodson law. In general highest performance is achieved by
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subjects with an intermediate amounti of motivation, or drive. More
surprising is the finding that as tasks increase in difficulty, peak
performance is achieved by subjects with less and less drive.
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PURSUIT ROTOR is an apparatus used by the author to measure the effect of drive on
performance. The subject tries to keep a metal stylus on a small target (color) in a turntable
that revolves 60 times per minute. The time-on-target is summed during 10-second trials.

lated inhibition, why does the distrib-
uted-practice group perform better than
the massed-practice group even after
the latter has been given a 10-minute
rest period? It does not do to say that
10 minutes may not be enough time for
getting rid of all the inhibition, because
we have found that increasing the length
of the rest period does not lead to im-
proved performance. Moreover, we must
explain why the performance curve of
the massed-practice group suddenly
shoots up after the rest period (that is,
after the reminiscence effect has already
occurred, which should leave no further
inhibition to be dissipated) only to de-
cline again quite dramatically after some
100 seconds of further practice.

The explanation may lie in a curious
effect known as “conditioned inhibition,”
or “the habit of not responding,” which
arises in the following fashion. Accord-
ing to learning theory, reinforcement, or
reward, following a particular stimulus-
response sequence makes it more likely
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that the response will occur in the future.
Now, the involuntary rest pause follow-
ing the accumulation of fatigue-like in-
hibition acts as a reinforcement because
it allows the fatigue to dissipate. What is
the stimulus-response sequence that is
being strengthened by this reinforce-
ment? It is the total stimulus pattern
presented by the pursuit rotor, the stylus
and other external paraphernalia, plus
the bodily sensations emanating from the
muscles engaged in the task. This stimu-
lus complex is followed by the response
of rest, of not moving the stylus, of not
paying attention to the rotating disk. Ac-
cording to this theory, subjects should
gradually build up a habit of not re-
sponding, of not performing the task.
After five minutes of work this negative
habit is already quite strong, and be-
cause it is a habit rather than a fatigue-
like drive state, conditioned inhibition
does not dissipate during the rest pause;
it remains to depress performance even
after the rest pause.
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Unlikely as such a habit of not re-
sponding may sound, there is independ-
ent evidence for its existence. In one of
our experiments rats that had been de-
prived of water for 23 hours were taught
to run down an alleyway for a few drops
of water. The run was repeated 30 times
in succession, leaving the rats still some-
what shortof complete satisfaction. They
were then removed to a neutral cage for
an hour and were finally returned to their
own cages, where unlimited food and
water were available. This regime was
repeated day after day on the assump-
tion that the gradual growth of condi-
tioned inhibition would finally lead to a
complete cessation of alleyway-running
in spite of the strong thirst drive under
which the rats were working. It was a
close call as to whether conditioned in-
hibition would develop earlier in the rat
than in the experimenter, but finally all
the rats did in fact perform as predicted,
remaining in their starting boxes and re-
tusing to run in spite of having been
without water for 23 hours. We have
since applied this same principle to the
elimination of tics and other automatic
neurotic habits in human patients by
making them repeat the unwanted move-
ments over and over again under condi-
tions of massed practice. In many cases
the neurotic habit is extinguished com-
pletely and in others its intensity is much
reduced.

This theory of conditioned inhibition
also explains the impressive rise in per-
formance after the rest pause. It is well
known that conditioned responses are
subject to extinction when reinforcement
is withheld. For example, a dog that has
been conditioned to salivate at the sound
of a bell because he has regularly been
given food when the bell sounded will
ultimately stop salivating at the sound
if the food is regularly withheld.

It will be recalled that in the pursuit-
rotor experiment the unconditioned
stimulus (analogous to the dog’s food) is
the involuntary rest pause. These rest
pauses result when reactive inhibition
has increased to the point where it com-
pletely cancels drive. During our massed-
practice experiment all reactive in-
hibition built up in the massed trials
is dissipated during the 10-minute rest
periods, and when the trials are resumed,
it takes a while for it to build up again.

(Separate studies show that the build-up
requires 90 to 120 seconds.) During this
period the other sort of inhibition—con-
ditioned inhibition—is not reinforced,
and one would expect it to be extin-
guished.

It is this extinction of conditioned in-



hibition that shows up in the massed-
practice curves as a dramatic improve-
ment in performance. Once reactive in-
hibition has had time to grow, however,
and again gives rise to involuntary rest
pauses, extinction of conditioned inhibi-
tion ceases. At that point the combina-
tion of involuntary rest pauses and new-
ly developed conditioned inhibition
produces the sharp drop in performance
that shows clearly in the curves.

I I()w does all this help us in the meas-
- urement of drive and motivation?
The answer is as follows. It will be clear
from what has been said that we can
measure reactive inhibition with reason-
able accuracy by virtue of the remi-
niscence phenomenon. If all inhibition
dissipates during the rest pause of 10
minutes, then the improvement in per-
formance due to the rest pause gives
us an excellent measure of the amount
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of inhibition that was present before
the pause. Although our theory makes
no prediction about the rate of growth
of inhibition, it does say that the final
amount of inhibition is completely de-
pendent on drive; in other words, re-
active inhibition increases until it equals
drive. This argument allowed us to pre-
dict that measuring reminiscence is
equivalent to measuring reactive inhibi-
tion, which in turn is equivalent to meas-
uring drive. Is the prediction correct?
We felt that we could easily verify
such a prediction with the help of the
pursuit rotor, provided that we could
obtain one group of highly motivated
subjects and another group—similar to
the first in age, sex, social background,
intelligence and temperament—that was
less highly motivated. Most research in
this field has been open to criticism be-
cause investigators have typically used
school children or college students whose

differences in motivation, if anv, were
unknown. The investigators have sought
to manipulate drive by purely verbal in-
structions (for example, by exhortation
or by giving information, or misinforma-
tion, about performance) or by involving
the hypothetical eftects of rivalry on per-
formance. These and similar methods are
subject to doubt and argument, and the
results have been far from consistent.
We have preferred to rely on certain
life situations where there can be verv
little doubt about the presence or ab-
sence of drive and motivation. For the
high-drive group we chose applicants
for an apprenticeship training scheme at
a well-known motorcar company. These
apprenticeships were so highly prized
that more than 10 candidates applied
for each vacancy, and many candidates
traveled long distances to take part in
the selection tests. Candidates were old
enough to appreciate the importance of

REST
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PURSUIT-ROTOR PERFORMANCE varies markedly with the
spacing of the trial, or practice, periods. Each dot represents the
average time-on-target during a 10-second period. The colored
curve shows the performance of subjects who were allowed a 30-
second rest pause between each 10-second trial. The black curve
shows the performance of subjects denied such a rest. Both groups

were given two 10-minute rest periods. The improvement in per-
formance shown by the “massed”-practice group immediately fol-
lowing the 10-minute break is called reminiscence (R), which is
believed to be a measure of “reactive inhibition” accumulated
during massed practice. The major depressant on scores of the
massed-practice group, however, is “conditioned inhibition” (C.I.).
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EFFECTIVE DRIVE falls as reactive inhibition builds up and
cancels drive. When the effective drive reaches zero, an involuntary

the occasion and to realize that this was
perhaps their one and only chance to
enter the “aristocracy of labor.” If se-
lected, thev would escape from a life of
insecure and ill-paid unskilled or semi-
skilled work; thev would be trained at no
cost to themselves and upon the com-
pletion of training they would receive
secure, well-paid and interesting jobs.
Moreover, later performance on the job
would have no bearing on advancement,
because trade-union agreements make
advancement dependent almost solelv on
seniority. It is precisely for this reason
that the company regards initial selec-
tion as being so important.

The candidates for apprenticeship had
to perform a large batterv of selection
tests, and we obtamed permission from
the firm to slip into this battery a series
of tests with the pursuit rotor. These
extra tests of course had no bearing on
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the candidate’s acceptance or rejection.
The candidates were not, however,
formed of this fact, and therefore thev
tackled all the tests with equal vigor and
(As it turned out, the
candidates rejected by the firm were just
as adept at the pursuit rotor as those ac-
cepted.)

The low-drive group was made up of
apprentices who had been selected in
earlier tests, which had not included our
special tests, and who were now going
through their courses. They knew that
the tests to which they would be asked
to submit were of interest to psycholo-
gists, and thev were assured that the test
results would not be communicated to
the company and would have no bearing
whatever on their standing. Their lack
of interest and low motivation were
clearly apparent in their comments and
their general behavior, just as had been

in-

determination.
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PREREST WORK PERIOD (MINUTES)

REMINISCENCE SCORES of two groups of young British work-
ers, one with high drive and one with low drive, confirm the pre-
diction that a measurement of reminiscence is equivalent to a
measurement of drive. The two groups were given initial practice
sessions on the pursuit rotor ranging from two to 15 minutes. When
tested after a six-minute rest period, the low-drive group improved
their time-on-target (reminiscence) only about .5 second in a 10-
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rest pause occurs (blank vertical space in chart) . During the pause
inhibition dissipates and performance resumes, only to fall again.

the keenness and high drive of the mem-
bers of the other group.

For the experiment proper we selected
six groups of high-drive and six groups
of low-drive subjects. Each group was
given an initial practice session, a six-
minute rest and then another four min-
utes of practice. The only difference
among the six groups lay in the length of
the lllltldl practice session, which lasted
for two, three, six, eight, 12 or 15 min-
utes. Our predictions were as follows.
For the low-drive group we expected
that it would take about two minutes for
reactive inhibition to reach the level of
drive and bring about an involuntarv
rest pause. It will be recalled that in-
voluntary rest pauses can be recognized,
even though they are brief, because thev
lead to conditioned inhibition and a gen-
eral downturn in performance. Accord-
ing to our theory it is the extinction of

4 .8

LOG OF PREREST WORK PERIOD

second trial, regardless of the duration of the prerest work period
(black curve at left).
drive group (colored curve at left) increased steadily with the
length of the initial work period. The curve at right shows that the
high-drive curve approximates a straight line when the work period
is plotted on a logarithmic scale, suggesting that reminiscence
would have shown a further increase with longer initial practice.

In contrast, the reminiscence of the high-
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This unique record in ASW and other
shipboard fire control was achieved
by the designers and developers of
shipboard electronics for the Infor-
mation Systems Group of General
Precision: FOR POLARIS... analog
computing modules for Fire Control
Systems Mk 80 and Mk 84 installed
aboard Polaris-carrying U.S. Navy
nuclear submarines. FOR SUB-
MARINES... Underwater Fire Control
System (UFCS) Mk 113, the Navy's
first submarine-installed ASW fire
control system to use electronic
digital computing equipment. FOR
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Group (UFCG) Mk 111 incorporating
the first electronic digital computer
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ASW fire control. FOR FRAM...UFCS
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Putting
the lid
on a big one

This top head is shown being lowered
onto one of the three 39-foot spherical
simulation chambers at the recently com-
pleted Space Simulation Test Facilities at
the General Electric Space Technology
Center, Valley Forge, Pennsylvania.
CryoVac, a sub-contractor to the F. J.
Stokes Corporation, Philadelphia, de-
signed and installed the thermal shrouds,
heat sinks—like the one suspended under
the lid—cryopumps and associated cryo-
genic equipment including controls for
the facilities.mThis isn’t the first lid we've
helped put on a space simulation chamber
and it certainly won't be the last. We
helped place quite afew. In fact, the
cryogenic equipment in many of the
simulators now in existence or under
construction has been designed and built
by CryoVac.® CryoVac's experience goes
even beyond cryogenic systems how-
ever, it includes responsibility for the
design, fabrication and erection on many
programs. Why not take advantage of
this wealth of experience —write today.

CryoVee

CoOLUMBUS 12, OHIO

Inquiries from qualified scientists and engineers
regarding employment opportunities are invited

| conditioned inhibition, following the 10-

minute rest period, that produces the
rapid postrest upswing. We had found
in previous experiments with poorly mo-
tivated groups that the postrest upswing
did not appear unless the prerest practice
had lasted for at least two minutes. It
therefore seemed reasonable to postulate
that no involuntary rest pauses occur
until practice has been going on for two

minutes or so, which would put the point
where reactive inhibition equals drive at
about this time interval. Since our theory
states that reminiscence is proportional
to reactive inhibition, we could predict
furtherthatreminiscence shouldincrease
for about two minutes in the low-drive
group and then level off. This prediction
tollows directly from the consideration
that reactive inhibition cannot exceed
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SUPERIORITY OF HIGH-DRIVE SUBJECTS (colored curves) does not become signifi-
cant until after the six-minute rest period. These two sets of curves show part of the actual
performance data from which the two bottom curves on page 134 were plotted. The upper
pair of curves shows the scores of subjects given three minutes of initial practice; the lower
curves, the scores for those given eight minutes. Under both conditions the low-drive
subjects (black curves) show an improvement, or reminiscence, of only about .5 second in
time-on-target following the rest periods. For the high-drive subjects, however, the remi-
niscence increases markedly with eight minutes of initial practice. Curiously, the high-drive
and low-drive subjects achieve approximately equal scores in the initial practice trials.
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The Ling-Temco-Vought XC-142 looks remarkably like an airplane.
Its four turboprop engines will give it a speed of 365 kts at 25,000
ft, a cruise speed of 250 at sea level and a rate of climb from
5,500 to 7,200 fpm, depending on the mission. When it's acting
like an airplane, the XC-142, developed jointly with Hiller and Ryan,
will carry a 20,000-Ib payload 400 miles using high-altitude, opti-

mum-speed cruise on two engines.
all the
e Just one difference. The XC-142 is sitting on all the runway it needs.
runway With its tilt wing raised, this new V/STOL transport will vertically
lift 32 combat-ready troops — or four tons, set them down in an
it needs ens unprepared clearing 200 miles away, and be back for more in 106

minutes. Using its STOL capabilities, the XC-142 will operate off
airstrips 300 miles apart, carrying payloads of seven tons. Ferry
mission? 2,600 miles at 25,000 ft and 240 kts with a VTOL landing
for a flourish. With two of the latest torpedoes aboard, the XC-142
will snoop around the target area for three hours of anti-submarine
duty.

Because the XC-142 is an airplane with V/STOL capabilities, it
will provide the kind of mobility, flexibility and reliability neces-
sary for today's defense missions. Chance Vought Corp., Aero-
nautics and Missiles Division, Post Office Box 5907, Dallas,
Texas, a division of Ling-Temco-Vought, Inc.

L ’ VL.EADERSHIF’ THROUGH VERSATILITY
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NEW JERSEY

“cradle of
industrial research’

Many of the scientific developments
that will shape tomorrow’s world
are germinating right now in New
Jersey’s more than 500 industrial
research institutions. The smaller
manufacturer who does not have
his own research staff can easily
find top-notch facilities and person-
nel available close by to help work
out his problems.

Because of its great contributions
in such fields as electricity, elec-
tronics, chemistry, metallurgy and
aviation, New Jersey has been
called “the cradle of industrial re-
search”. Your executive and techni-
cal people will find a stimulating
environment here, and ample op-
portunity for advanced study.

Write for industrial informacion.

Department of Conservation and Economic Development
Promotion Section 951-w,
520 East State Street, Trenton 25, New Jersey

NEW JERSEY

Bureau of Commerce,

y \\ mn the
AN geographic
\,-' g H center of
/ theworld’s
| | /  richest

market
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SCHIZOPHRENIC SUBJECTS (colored curves) show no reminiscence after a rest period
following 30 practice trials on the pursuit rotor. Normal subjects (black curves) show
expected improvement. Results suggest that schizophrenics dissipate inhibition slowly.

drive. Previous work suggested that
reminiscence would consist of an im-
provement of .5 to .7 second in time-on-
target during a 10-second trial.

For the high-drive group we expected
that reminiscence would increase in
parallel with that of the low-drive group
until two minutes of prerest practice had
been reached, and that it would there-
after increase with increasing prerest
practice until reactive inhibition equaled
drive—wherever that point might lie in
the high-drive group. The theory could
not, of course, predict when this point
would be reached.

The bottom illustration on page 134
shows the results of the experiment. It is
evident that all our predictions are in
fact fulfilled, and that even after 15
minutes of practice the high-drive group
still shows a gain in reminiscence, al-
though the gain seems to be leveling oft.
For the low-drive group there is no sig-
nificant gain in reminiscence after two
minutes of initial practice.

Plots involving time as a variable can
often be straightened out if one converts
time to a logarithmic scale. When this
is done, the reminiscence scores of the
high-drive group fall reasonably well on
a straight line, suggesting that the upper
limit of reminiscence (or drive) is still
(uite some way off [see right side of bot-
tom illustration on page 134].

Although the general theorv I have

| expounded receives considerable sup-
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port from these results, there are some
curious features thatrequire explanation.
The main difficulty arises from the fact
that high-drive and low-drive groups do
not differ in performance before the rest
pause. One would have expected the
high-drive groups to be clearly superior
bv virtue of their motivation. The illus-
trations on page 136 show the actual per-
tormance scores for the three-minute and
eight-minute groups. The high-drive
subjects have slightly higher prerest
scores, but the differences are not signifi-
cant. For the 12-minute and 15-minute
groups the low-drive groups are slightly
but insignificantly better. And the two-
minute and six-minute groups show ab-
solutely no differences.

It is of course casv to invoke the
Yerkes-Dodson law and say that the
more highly motivated subjects would
have done better if they had not tried
so hard. Such an explanation, however,
would lead one to expect changes in the
relative performances of the two groups
with changes in the development of
habit strength. Thus at the beginning the
low-drive group might be superior be-
cause of its lack of rigidity; with long
practice the high-drive group might be
expected to be superior because by then
the correct habits should have become
predominant. In other words, over-all
equality in performance might be ac-
companied by superiority of one group
or the other in different parts of the per-
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In determinations of acceleration factors for metal
and carbon film resistors for the high reliability
MINUTEMAN Program, Electra Manufacturing
Company uses an Automatic Resistor Data Logging
System designed and built by Electro Instruments.

This system, in conjunction with other test equip-
ment, has accumulated over 60 million resistor hours
of data in the last 18 months. Without this accele-
rated testing system, 714 years of test time would
have been required! Most important, the EI system
gives Electra the confidence that their products meet
stringent government specifications.

As in this EI system created for Electra, EI all
solid state Digital Multimeters are the basis for
better measuring at greater speed, higher reliability,
significant cost savings and a much lower investment.

Whether your interest lies in spacecraft, electronic
components or industrial processes, we can demon-
strate to you the advantages of EI digital instru-
ments in measuring DC volts, AC volts, DC ratios,
resistance, capacitance, inductance and impedance.
Let EI all solid state Digital Multimeters or Com-
plete Systems provide swift, accurate, low cost solu-
tions to your measurement and display problems!

For full details on EI’s individual digital instruments, or
our complete capabilities in the field of measurement, dis-
play and recording—uwrite direct to Electro Instruments, Inc.

Technician at Electra Manufacturing Company inserts test
resistors in the Automatic Resistor Data Logging System
designed and built by Electro Instruments. Over 60 million
resistor hours of data were accumulated in 18 months.

E Electro Instruments, Inc.
l] 8611 Balboa Avenue, San Diego 12, California
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EREOMICROSCOPE

Why will you find the M-5 the most desirable of all stereomicroscopes? Definition:
Absolutely uniform, maximum sharpness throughout the field. Power: Easily
interchangeable eyepieces and attachment objectives provide a range from 5x to
200x with no change in accommodation. Versatility: You can choose various stands,
light sources, stages, polarizing, photographic and measuring attachments
ideally suited to your requirements.

#*The first name in Surveying Instruments,
Photogrammetric Equipment and Microscopes.
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- PORT WASHINGTON, NEW YORK
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| formance curve, yet no such shifting pat-
terns are observed. The actual perform-
ance curves run parallel throughout the
entire prerest practice period; after the
rest pause the high-drive group is slight-
ly better, but the two groups are still very
close to each other in performance.

"I Yhe demonstration that under suitable
- circumstances reminiscence can be
used as a measure of drive enables one
to tackle many theoretical problems that
have in the past puzzled psychologists
and psvchiatrists alike. Consider just one
of these problems. It is well known that
schizophrenics tend to perform poorly
in a variety of experimental and life
situations; this has often been attributed
to their “lack of drive.” If this expla-
nation were correct, we would expect
schizophrenics to have lower reminis-
cence scores than normal or neurotic sub-
jects. We have indeed found in several
experiments that this is so; schizophren-
ics tend to have very low reminiscence
scores. The results plotted in the illustra-
tion on page 138 are typical of many
similar studies. Does this prove the cor-
rectness of the original hypothesis?

We put forward an alternative hy-
pothesis: Perhaps schizophrenics are ab-
normallv slow in dissipating reactive in-
hibition. Reminiscence is a good measure
of drive only if the rest pause involved in
its determination allows all, or almost
all, reactive inhibition to dissipate. Ten
minutes is enough for normal people; it
may not be enough for schizophrenics.
To test this hypothesis we measuréd
reminiscence with two groups of normals
and two groups of schizophrenics, using
rest periods of 10 minutes in one experi-
ment and 24 hours in another. If schizo-
phrenics are genuinely licking in drive,
they should fail to show reminiscence
under either condition; if they are suf-
fering instead from slow dissipation ot
reactive inhibition, they should show a
high reminiscence score after a 24-hour
rest period. The experiment strongly
supported the latter hypothesis. After
24 hours schizophrenics showed even
greater reminiscence than did normals.
Work is going on to see if reminiscence
changes in line with response to treat-
ment, if reminiscence scores can be used
as predictors of outcome of treatment
and if other known facts about the be-
havior of schizophrenics can be deduced
from this general concept of slow dissipa-
tion of inhibition. This is only one ap-
plication of the method of motivation
measurement suggested here; it seems
likely that it will be found useful in many

different contexts.
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Lincoln Laboratory of the Massachusetts Institute of Technology Solid State Physics
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The Cultivation of Tilapia

This prolific fish has been introduced into many less developed

areas as a cheap source of protein-rich human food. A new method

for making it grow larger in ponds may enhance its usefulness

\ilupia, a fish native to the fresh
waters of Africa and the Jordan

valley in Asia Minor, seemed a
few years ago to be destined for a major
role in a 20th-century enactment of the
miracle of the loaves and fishes. As any-
one familiar with world food statistics

by Charles F. llickling

knows, the hungry portion of the human
population is starved for protein. The
average per capita daily calorie intake of
the two billion or so people who live in
the less developed regions of the world
comes to about 70 per cent of that in the
more developed countries. The corre-

sponding figure for animal protein con-
sumption is about 20 per cent. Even this
low figure considerably understates the
actual deficiency, because the limited
supply of animal protein in the less de-
veloped regions is so unevenly distrib-
uted that hundreds of millions of people

THOUSANDS OF TILAPIA FINGERLINGS are netted in a cen-
tral breeding pond in Thailand for distribution to local farmers.
Because they breed so prolifically and at such an early age, these

© 1963 SCIENTIFIC AMERICAN, INC

fish would probably not grow much larger in the small ponds avail-
able to peasants. The small size attained by Tilapias when they are
allowed to breed freely is their greatest drawback in pond culture.
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PRINCIPAL SPECIES OF TILAPIA cultivated in ponds around is a male Tilapia macrochir (c), like mossambica a feeder on

the world are depicted. At the top are a female («) and male (b) plankton and algae. At bottom is a male Tilapia melanopleura (d),
of the most widespread species, Tilapia mossambica. Below these which feeds on higher plant life and is widely cultivated in Africa.
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consume inadequate quantities of these
vital tissue-building foods day after day
and year after year. It is hardly surpris-
ing that many persons and agencies con-
cerned with the world food problem
have been inclined to welcome with en-
thusiasm almost any potential source of
cheap, abundant and palatable protein.
Among the possibilities canvassed in the
decade after World War II was the culti-
vation of Tilapia mossambica.

This fish—a relative of the common
North American sunfish that has been
known in Europe as the bream or the
large-mouthed kurper and is now called
the Tilapia throughout its vastly ex-
tended range—seemed to meet all the
specifications. It feeds directly on the
algae and other primary aquatic vegeta-
tion (and on the animal plankton as
well) and so constitutes the terminus of
a two-step food chain from inorganic
ions to proteins. It is resistant to disease,
it grows rapidly and multiplies abun-
dantly, and it flourishes under crowded
conditions in fresh or brackish waters.
Moreover, its potential habitat, restricted
only by water temperature (minimum,
about 55 degrees Fahrenheit), coincides
with the roughly defined belt of chronic
human malnutrition that girdles the sub-
tropical and tropical latitudes. Here, it
was thought, was an excellent fish for
cultivation in ponds. Under the auspices
of international agencies such as the
Food and Agriculture Organization of
the United Nations, through bilateral
technical assistance programs, the work
of local fisheries staffs and by spon
taneous development, Tilapia culture
spread in a short time throughout Africa,
to the islands of Indonesia and the
Philippines, to the Asiatic mainland in
India, Malaya and Thailand, to the
Caribbean islands of Hispaniola and
Jamaica and even to the southern U.S.

Before long, however, the remarkable
fecundity of the Tilapia—one of its most
welcome qualities—revealed itselt as a
serious drawback. For reasons still un-
known the pond-raised fish become ma-
ture and start to breed when they are
still very small: an ounce or less. As a
result the waters of the pond swiftly be-
come crowded with fish too small for
marketing or even, according to most
cuisines and tastes, eating. It would be
fair to say that there has been some
disillusionment; responsible authorities
have been discouraging the overeager
promotion of Tilapia culture as a pana-
cea for plotem deficiency and, in some
countries, popular interest has waned.

This is unfortunate, because the Ti-
lapia can still make a significant contri-

bution to human nutrition. If Tilapia
culture is regarded as a form of stock
raising and conducted with correspond-
ing care and thought, it is possible to
overcome the disadvantages of the ani-
mal’s fecundity by various stratagems
and to harvest good yields. Meanwhile
work in the laboratory has uncovered a
hybrid line that is made up exclusively
of male fish. The rearing of these fish in
“monosex” cultures promises to vindi-
cate in part the enthusiasm that carried
the Tilapia around the world a decade

ago.

he cultivation of Tilapia in ponds for

human food is anything but a recent
innovation. The earliest known repre-
sentation of a fish-culture pond in history
—a bas-relief from an Egyptian tomb
dating from before 2000 B.c.—shows a
pair of small fish that can be identified
as Tilapia nilotica, a species still abun-
dant in the Nile valley [see illustration
below]. In Egypt and the Holy Land
the Tilapia has always been regarded
as an important food fish; its deep, some-
what foreshortened bodyv, with the body
cavity placed well f01w‘11d yields a
triangular fillet of firm white flesh, of
excellent flavor, from each flank.

The modern history of Tilapia culture
can be said to have begun in 1939. In
that year five fish of the species Tilapia
mossambica were discovered in a lagoon
in Java. How these few fish made the
journey from their native waters in Mo-

zambique on the east coast of Africa re-
mains a mystery. In any case their arrival
was fortunate, because from 1942 on
wartime conditions had made the fry of
the local milkfish unobtainable; in a re-
markably short time the Tilapia replaced
the milkfish as the predominant pond-
cultured fish of Java. It was this experi-
ence and similar successes elsewhere
that brought the fish to the attention of
food scientists at the end of the war.
The Tilapia easily qualifies for pond-
culture in terms of the first criterion of
this branch of animal husbandry, which
is the weight of fish that can be grown
per unit of pond surface, sometimes
called the maximum standing crop. The
crop can be made several times larger by
fertilizing the water; the addition of
fertilizer to fishponds causes a manifold
increase in primary plant production,
which in the water as on the land is the
basis of flesh production. If the fish in a
pond (especially Tilapias) are also given
supplementary fodder, the maximum
standing crop can be still further in-
creased in proportion to the amount and
nutritive value of the fodder. In tropical
countries a pond can support a much
larger standing crop than in temperate
regions, because uniformly high temper-
atures promote a rapid and continuous
turnover of material in all the biological
processes involved, including the rate of
growth of the fish. Ultimately the limit
of growth in a densely populated pond
seems to result only from the accumula-
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EGYPTIAN GENTLEMAN ANGLES for Tilapias in an artificial garden fishpond in this
line drawing made from a bas-relief on the wall of a 4,000-year-old Egyptian tomb. His wife
is about to unhook his catch—two specimens of Tilapia nilotica—as his servants pick fruit
in the background. The pond itself features a deep, central drainage channel for harvesting
the entire crop. This carving is the oldest known representation of a fish-culture pond.
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TILAPIA PONDS IN UGANDA are carefully built and well tend- fodder for the plant-eating species, T. melanopleura and T. zillii.
ed by native farmers. The lush vegetation nearby provides plentiful Such ponds yield large crops consisting mostly of small fish.

HIGH SURVIVAL RATE of Tilapia fry probably results in part ing. In this photograph a female T. mossambica is shown taking her
from this fish’s peculiar habit of oral incubation. The fertilized eggs brood back into her mouth. The young fry are protected in this
(several hundred in number) are taken into one or the other way for about another five days after they have been hatched.
parent’s mouth, where they are hatched about five days after spawn- In most Tilapia species the female incubates the eggs and fry.
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tion of harmtul metabolic products of
the fish themselves.

Ordinarily in areas where the culture
of fish in ponds is an established art the
fish are bred and raised to fingerling size
in one pond and then transferred to
raising ponds for teeding up to optimum
size. The raising pond can therefore be
stocked with a known number of small
fish of an aggregate weight well below
that of the maximum standing crop.
These fish can then be made to grow as
tast as possible, both by fertilizing the
pond and by foddering, until the aggre-
gate weight has increased to near that of
the maximum standing crop. At this
point the crop is harvested. Time as well
as weight enters into the economics of
fish culture. It sometimes pays to harvest
considerably before the maximum stand-
ing crop is reached, because the rate of
growth slows down as this limit is ap-
proached.

'rhe species of fish usually cultured,
such as the common carp, do not nor-
mally breed in the raising ponds, or at
least not until they have grown to a com-
mercially acceptable size. The popula-
tion of the raising ponds is thus kept un-
der control, and the number of fish
harvested is roughly the same as the
number stocked. The gain is the increase
in weight of the individual fish.
The propensity of pond-reared Tila-

pias to start breeding at a small size and

to breed all year round at frequent in-

tervals negates this well-established

practice. In a pond stocked with Tilapias I

the maximum standing crop is soon at-
tained, not by the growth of the fish
originally stocked but by the prolifera-
tion of thousands of fry and fingerlings.
Moreover, the Tilapia’s habit of mouth
breeding—the female takes the fertilized
eggs into her mouth and keeps the fry
there for a short period after they have
hatched—undoubtedly contributes to the
high survival rate of the young [see bot-
tom illustration on opposite page]. A
case has been recorded of 150 adult
Tilapias producing 15,000 fry in less
than four months, and another case is
known in which 14 fish became 14,000
in only two and a half months.

Since most of the Tilapia species feed
by browsing on tiny algae and plankton,
the adults have no competitive advan-
tage over the young, and their growth
slows down as thousands of additional
mouths come to share the food supply.
Thus although the maximum standing
crop may be very high, it will con-
sist largely of little “trash” fish. A well-
foddered two-acre Tilapia pond in the
Congo, for example, yielded an excellent

NEW LOW-COST PORTABLE TELEVISION RECORDER
puts sight and sound on magnetic tape now at a sman

fraction of the size, weight, and cost of studio-type television record-
ers, the Precision Instrument Model PI-3V puts over an hour and a
half of sight and sound on a single reel of 1” wide magnetic tape.

It operates almost as easily as a home audio tape recorder. Thread
the tape, pick your scene, push the ‘‘start’’ button and the rest is
history. You can play it back then and there, or days or years later,
as many as 100 times or more, with all the “live’’ quality of the
original action.

For existing or new closed-circuit TV systems For educational, medi-
cal, military, or industrial use, the PI-3V enables you to record valu-
able training material, demonstrations, and one-time-only events, and
re-create them at will, any number of times, before any number of
audiences, any place in the world. The recorder is compatible with
existing CCTV systems, EIA standard or industrial sync, and will
operate with one or any number of TV monitors. For new closed-circuit
systems, all that is required is the PI-3V, an image orthicon or vidicon
camera, a TV monitor, and a place to plug in the 110v power cord.
And the complete system will fit in the rear seat of a compact car!

Uses 1" tape — pays for itself in tape savings alone Because the
PI-3V uses 25% less magnetic tape than any other TV recorder, an
amount equal to its entire purchase price can be saved by the time
438 reels (700 hours recording time) of permanent recordings have
been made. When the tapes have outlived their usefulness, they may
be erased and re-recorded with new program material.

Other savings are made possible by the economy of size and weight
(only Y2 that of the next smallest TV recorder), the low power require-
ments, the extreme reliability, and the portability (one man can carry
the PI-3V aboard an airplane and take it anywhere in the world in
24 hours). May we carry one around to your office for a demonstra-
tion? For a copy of the PI-3V brochure, address us at
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Move out here?

If you are looking for a super-dry at-
mosphere in which to process, assemble,
store, pack or use a product, the desert
probably won’t do. Too humid for most
applications. Leave your operation
where it is and write Lectrodryer. We
make equipment that will dry the area,
the process or the products in anything
from a test-tube to a five-acre factory.
Pittsburgh Lectrodryer Division,
McGraw-Edison Company, 336 32nd
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harvest of almost 8,000 pounds of fish.
Of this total, however, no less than 4,500
pounds were fish too small for marketing
or fingerlings useful only for restocking.
No more than 2,000 pounds of this big

| crop could be described as “large” fish,

and even these were only 16 to 24 centi-
meters in length and weighed from a
quarter-pound to a half-pound each.

In many parts of the world, particu-
larly in the Orient, small fish are fried
and eaten whole—scales, fins and all—or
cut up into chunks for stewing or made
into fish paste. These dishes, nutritious
as they undoubtedly are, cannot be
pressed on other peoples. For the opti-
mum yield of fish flesh as it is more
commonly eaten, the Tilapia must be
raised to large size. As in the case of
many other animals, the head and body
of a Tilapia grow at different rates; a
larger fish has more edible body meat
than a smaller fish. At one pound a
Tilapia yields about 24 per cent of its
weight as boneless fillet, whereas a very
large fish weighing, say, five pounds
gives as much as 50 per cent of its total
weight as edible meat. A single Tilapia
weighing two pounds produces more
meat than eight Tilapias weighing a
quarter-pound each.

Nevertheless, the production of even
small fish on a massive scale per unit of
pond area can make an important con-
tribution to human nutrition. The peas-
ant owner of a small Tilapia pond can
have frequent fish meals for himself and
his family and still harvest a sizable sur-
plus to sell or trade. To maximize the

FREQUENCY

yield he should feed the fish abundantly
with whatever cheap and readily avail-
able fodder can be had, and fish the
pond intensively. In one small pond in
the Congo, about a fortieth of an acre in
surface area, the feeding of 1,200
pounds of ordinary household scraps
combined with constant fishing pro-
duced about 100 pounds of fish in a year
—a yield equivalent to two tons per acre
in that period of time.

Even the elementary measures of

vigorous feeding and fishing, how-
ever, are difficult to institute among
many peasant peoples of Africa and Asia.
The peasant—particularly the African
peasant—takes little care of his livestock.
He tends to treat his fishpond in the
same way and seldom bothers to give the
fish fodder. Since his four-footed beasts
have free range, he may also have no
dung with which to fertilize his pond.
The necessity for intensive fishing also
presents a problem. Tilapias are easily
caught with a hook and line, but this fish-
ing method can be tedious. A large drag-
net would be uneconomically expensive
for the owner of a small pond, and the
use of the small casting net is unknown
in much of Africa.

Larger fish can sometimes be obtained
by raising them in saline water, which
seems to have an inhibiting effect on
breeding. Since most of the almost 100
known species of the Tilapia genus are
able to tolerate a high degree of salinity,
this practice is suitable for many of the
brackish ponds of Indonesia and else-

15 20 25

LENGTH (CENTIMETERS)

POND IN TRINIDAD yielded a higher percentage of larger Tilapias when predatory
guabines were also stocked (colored curve) than when the Tilapias were stocked alone
(black curve). The guabines ate many of the fry, allowing the larger fish to thrive on the
limited food supply. A 20-centimeter Tilapia weighs between a quarter- and a half-pound.
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where. Such a practice would be doubly
advantageous because it would open to
cultivation waters too saline to be used
for irrigation.

Another method for raising larger fish
is to stock a pond with small Tilapias of
the same size and weight and force their
growth by feeding until they begin to
breed. They are then harvested by the
draining of the pond. This method re-
uires a drainable pond as well as a sepa-
rate breeding pond where the fingerlings
are raised. Since the fish grown in this
manner still mature when they are small,
they grow no larger than those produced
in a free-breeding pond, but the method
yields a higher proportion of larger fish.

Special feeding can also promote an
increase in the average weight of indi-
vidual fish. Leaves of manioc, or cassava,
when fed to the two plant-eating Tilapia
species—melanopleura and zillii—seem
to be more easily devoured by the adults
than by their young. Further study mav
reveal other foodstufts that favor the
growth of adults rather than frv.

Another stratagem is to stock the pond
with predatory fish. The predators will
not only crop down the surplus fry and
thereby permit better growth in the
Tilapia population; they will also con-
tribute to the varietv and value of the
total fish crop. The successful stocking
of the large new lakes created by dams in
the U.S. is based on the predation of the
black bass on the bluegill sunfish. In the
reservoirs of Trinidad T. mossambica
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may settle down into a similar adjust-
ment with the native guabines, an efli-
cient predatory fish. One reservoir has
produced more than 6,000 pounds a
year of good-sized Tilapias weighing be-
tween three-quarters of a pound and two
pounds each.

Several species of predatory fishes
have been used for this purpose in other
parts of the world. In East Africa the
Nile perch, a fine sporting fish, has been
tried; in the Cameroons the black bass
and a fish related to the Tilapia called
Hemichromis fasciatus have beenstocked
in Tilapia ponds; in Jamaica the local
tarpon has served as an effective pred-
ator. Although itcannotbe said that these
experiments have been uniformly suc-
cessful and that all of them are appli-
cable to pond culture, the planting of a
predator has produced inmany instances
a distinct improvement in the size and
weight of the Tilapia [see illustration on
page 148]. In order to keep the predator-
prey balance at an advantageous level,
there must be frequent stock-taking. This
requires draining of the pond, sorting
out the fish and restocking with the right
proportion of predator and prey. The
technique is a sophisticated one, with
plenty of room for error.

rl“he one technique that allows reliable
& control of the population is that of
stocking the raising pond with finger-
lings of a single sex. Some species of the
genus Tilapia, although not as yet the

JAMAICA 1

MONOSEX CULTURE METHOD, by which young male and
female Tilapias are manually segregated and only the faster-grow-
ing males are stocked, also results in an increase in the size of in-
dividual fish. As this graph indicates, the average size of Tilapias
raised by monosex culture in two ponds in Jamaica (colored
curves) is much larger than that attained in several other localities

150

30
LENGTH (CENTIMETERS)

© 1963 SCIENTIFIC AMERICAN, INC

vegetable-feeders melanopleura or zillii,
can be easily sorted into males and fe-
males. Either the colors are sufficiently
differentiated to serve as reliable sex-
indicators, or the structure of the anal
papilla is used—the opening of the ovi-
duct being distinguishable in the female
and not present in the male. With ex-
perience it is possible to sex even small,
immature fish with speed and confi-
dence. Since males grow much faster
than females, only the male fingerlings
are stocked in the raising ponds and the
females are discarded. A second check is
made when the fish have grown some-
what larger and distinctive sex-colora-
tions are more discernible. Since this
technique fails if there is a single female
present in the raising pond, care must be
taken to ensure that there are no females
left over from a previous stocking.

With the estimated maximum stand-
ing crop of the pond in mind, a fish cul-
turist can stock as many male fingerlings
as will produce the best crop of fish at a
planned average mean weight per fish.
In Jamaica and elsewhere the method
has produced results that justify the
extra care, expense and effort. In order
to supply fingerlings to small raising
ponds on peasant farms it would prob-
ably be best to set up central breeding
and sexing stations, either privately or
publicly owned, to produce male finger-
lings. Considering the fine size and
weightattained by Tilapias under mono-
sex culture and their considerable cash

JAMAICA 2

40 50

where males and females were stocked together and allowed to
breed freely (broken and solid black curves). In each case the
minimum size of the fish caught and measured is determined by
the size of the holes in the net used to harvest the crop. All the
ponds were used to raise T. mossambica except the one in the
Congo, in which the closely related species T. macrochir was grown.
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Example: Antennas of diversified design

An effective antenna must provide far more than a sum of its
parts. For maximum efficiency, it must be considered an integral
part of an entire system rather than an individual component.
That's why Radiation engineers experienced in complete sys-
tems development consistently base final design parameters on
ultimate application. The success of this system oriented ap-
proach is evidenced by scores of Radiation antennas sweeping
the skies from the Pacific to the Atlantic Missile Ranges.

Thus, Radiation has developed more experience in auto-
matic tracking antenna design and application of telemetry
techniques than any other company. A 12-foot dish antenna,
featuring new all solid-state tracking servo system and mode
switching logic, is now under development for the X-20 (Dyna
Soar) program. Two high-gain, wideband 85-foot antenna
systems will soon be put into service on the Atlantic and Pacific
Missile Ranges. Radiation quad-helix array antennas with

phase monopulse tracking have been delivered for Bell's
Telstar Project. And now, Radiation's broad-band “Telscom'
antenna is available. Telscom combines acquisition and track-
ing operations for telemetry, surveillance and communications
and operates from 200 to 2,300 Mc.

These examples illustrate Radiation's unique contributions
through advanced research and production techniques. If
your interest lies in this field, you'll find a challenging and re-
warding future at Radiation. Write for more information or
send your resume to: Personnel Director, Dept. SA-5, Radiation
Incorporated, Melbourne, Florida. Radiation is an equal
opportunity employer.
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copy of Catalog L-962. Dept. 2529, The
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value per pound, such breeding stations
could charge for the male fingerlings and
make a profit if they were operated on a
sufficiently large scale.

The sexing of small Tilapias, although
feasible, is tedious in addition to being
not entirely reliable. Moreover, since
only the males are stocked, there is a
waste of female fish. Accordingly my
colleagues and 1 at the Tropical Fish
Culture Research Institute at Malacca
in the Federation of Malaya set out in
1958 to breed “mules,” or sterile fish, by
crossing two closely related but distinct
subspecies of T. mossambica. One was a
purebred local variety of T. mossambica
descended from the original Tilapias
first found in Java in 1939; the other was
indigenous to brackish swamps on the
island of Zanzibar off the east coast of
Africa. To our surprise the hybrid fry of
the Zanzibar males and the Javanese fe-
males all turned out to be males! When
due care was taken to avoid contamina-
tion by uncovenanted fish, not a single
female ever turned up among the hun-
dreds of thousands of these crossbred
fingerlings. These hybrids are fully fer-
tile, and it is necessary to take the usual
precautions to exclude females from the
raising ponds.

We are thus able to produce all-male
populations to stock the raising ponds,
with no waste of female fish and none
of the trouble and risk of sexing the
fingerlings. To cap these advantages, our
hybrids exhibit hybrid vigor, growing
twice as fast as fish of either parent
stock. Generally they grow to a weight
of about one pound in six months and
yield a crop of about 1,200 pounds per
acre per year with no other encourage-

| ment than the fertilization of the pond

with 20 to 30 pounds of triple superphos-
phate per acre. A combination of fer-
tilization and foddering has not yet
been tried, but even larger crops of uni-
formly large fish are anticipated. At-
tempts are now being made to cross-
breed other Tilapia species in order to
obtain additional strains of all-male hy-
brids; it would be surprising if success
is not achieved eventually.

Meanwhile foundation stocks of the
parent lines of the first all-male hybrids
are being made available by the institute
in Malacca for establishment of the
method elsewhere. The uniformly large
fish that can be harvested promise to re-
vive the interest of small-pond operators
in many parts of the world where free-
breeding methods have failed. Tilapia
may again be counted on to help in off-
setting the protein deficiency afflicting
such a high percentage of the world
population.
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STATUS SYMBOLS...IN NO UNCERTAIN TERMS .-ccment Gecisions

could wait until the next executive committee meeting. Today—in business, industry and national defense, the
pace of decision-making is tremendously accelerated. Instrumentation, data communications and computers
are pressed into service. But the critical moment comes when their signals and codes must be delivered to
human beings. At this point, the hardware must say, in the vernacular: ‘**“Now look, this is how things stand.” /
ITT System companies have developed many sophisticated ‘read-out-display’ devices to accomplish this. They
range from high-speed printers to slow-scan television. One especially versatile device, driven directly from
computers which may be in remote locations, projects refined data in any desired form—tabulation, text,
symbol, map, graph—in a full spectrum of colors for rapid discrimination. Its uses range from command of
military operations to industrial administration, air traffic control and no end of other possible applications. /
ITT is active in developing advanced data-processing, data-communication and display systems on a global
scale— handling data traffic between the U.S. State Department and embassies abroad...working as the nerve
center for a worldwide weather service. These are fields of growing importance to the world’s largest inter-
national supplier of electronics and telecommunications. / International Telephone and Telegraph Corporation.
Headquarters: 320 Park Avenue, New York 22, New York.

worldwide electronics and telecommunications
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paper stimulators
for inventive minds
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Riegel Data File
of Unusual Papers

Write for this largest
available source - file of
unusual paper-like mate-
rials . . . many with eso-
teric properties like
radioactive purity, resin
impregnation, electro-
graphic coatings or acti-
vated charcoal content.
B !deas for you, for in-
stance, in File #19, on
Release Paper; or #20,
Saturating; #26, Glascel;
#133, Thermoset Coated;
#60, Data Processing;
#62, Filter, or #66 Rub-
ber-Treated papers.
M Consult our technical
staff if you've an idea you
wish to explore in confi-
dence. Riegel Paper Cor-
poration, Box 250, M. H.
Station, N.Y.C. 16, N.Y.

‘Riegel

TECHNICAL PAPERS

MATHEMATICAL GAMES

by Martin Gardner

nly three regular polygons—the
O equilateral triangle, the square
and the regular hexagon—can be

used for tiling a floor in such a way that
identical shapes are endlessly repeated
| to cover the plane. But there is an infinite
| number of irregular polygons that can

On “rep-tiles,” polvgons that can make

larger and smaller copies of themselves

provide this kind of tiling. For example,
a triangle of anv shape whatever will do
the trick. So will any four-sided figure.
The reader can try the following test.
Draw an irregular quadrilateral (it need
not even be convex, which is to say that
it need not have interior angles that are
all less than 180 degrees) and cut 20 or
so copies from cardboard. It is a pleas-
ant task to fit them all together snugly,
like a jigsaw puzzle, to cover a plane.
There is an unusual and less familiar

-

The only known rep-2 polygons
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The art of programming at EM : Who charts the broad routes computers follow?

In the broad spectrum of computer applications, programs
have been developed for one application which can be
applied, often with minimal change, to other uses. The
challenge inherent in developing such programs is to
make them apply so broadly that they have the greatest
possible flexibility —and so narrowly that they guide com-
puting jobs without waste or omission. Furthermore, these
generalized programs are an integral part of the computer
systems. There are several kinds of programming sys-
tems which provide the broad routes for the work of IBM
computers: Compiler programs, including FORTRAN,
COBOL, and the Autocoders * Input-output control and
monitor programs * Utility programs * Simulation programs:

for technical details, write for a paper describing a par-
ticular simulator. The men and women programming at IBM
perform a task comparable to that of the engineers and
scientists designing machine configurations and other
processing systems. Among the rewards of professional
programming is the satisfaction of discovering practical,
down-to-earth answers to questions of how to make
computers do more and better work. They are not easy
questions: they demand both stick-to-it logic and mental
agility—as well as plain industriousness. If you wish to look
into the opportunities open at IBM, an Equal Opportunity
Employer, write to: Manager of Employment, 1BM Corp.,
Department 659E, 590 Madison Ave., New York 22, N. Y.
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Advanced Coatings
for
Advanced Projects

way to tile a plane. Note that each
trapezoid in the top illustration on page
154 has been divided into four smaller
trapezoids that are exact replicas of the

tinued to infinity. To use such a figure
for tiling we have only to proceed to
infinity in the opposite direction: we put
together four figures to form a larger

model, four of which will in turn fit to-
gether to make a still larger one. The
Augustus  De

. ) original. The four replicas can, of course,
White Room Cleanliness be divided in the same way into four still

Where ultra-cleanliness is of utmost impor- | smaller replicas, and this can be con-

tance, consider TILE-COTE® as a mainte-
nance-free finish. TILE-COTE® provides a Nas Va N
S LSS LS
vV'5 V' 6
1/

high-density, readily-decontaminated film
The 1-by-\Vk parallelogram is a rep-k polygon

British mathematician

with an inert, virtually impermeable
surface of ceramic-like appearance and
permanence.

Sample specifications . . .

e Adhesion: excellent to wood, metal,
masonry and mortar, glass and most
plastics

e Pot life: min. 8 hrs. at 75° F.
e Temp. range: 250° F. to —40° F.

e Unaffected by: steam, alcohols,
lubricants, carbon tetrachloride,
detergents and cleansers, aromatic
and aliphatic hydrocarbons and
other corrosives.

Versatility is an important feature of TILE-
COTE®, which may be applied as a filler-
finish system over bare wood and masonry
or as a finish over painted surfaces. Fif-
teen bright high-reflectance colors are
available with identical service criteria.

Write for bulletin P-52B with full data,
specifications, and color standards.

/
/

—/

Every triangle and parallelogram is rep-4

THE WILBUR & WILLIAMS CO., INC.
752 Pleasant St., Norwood, Mass.

WFF 'N PROOF |

EXCITING GAMES
OF MATHEMATICAL LOGIC

Combine fun with intellectual stimulation — play
WFF 'N PROOF, twenty-one games that challenge and
entertain. WFF 'N PROOF provides a refreshing and
continuing exercise in mathematical logic. Start a
bright six-year old in the initial games and see his
mind develop the tactics required...or stump a pro-
fessor with other games. Two or more players can
enjoy WFF 'N PROOF while they sharpen their mental b
abilities. N
WFF 'N PROOF offers practice in abstract thinking A
plus adventures in probability. Developed during re- = \
search for the Accelerated Learning of Logic Project
at Yale, WFF 'N PROOF games actually helped teach
propositional calculus to elementary school children. \

The Sphinx, the only known rep-4 pentagon

Complete with instructions, WFF 'N PROOF games
are only $6.00 plus 25c for postage and handling.
Treat yourself, your family, your friends, to a real
battle of wits with this newest game sensation.

Use the coupon to order now. If not satisfied,
return in good condition within ten days; money will
be refunded.

SCIENCE RESEARCH ASSOCIATES, INC.
259 E. Erie St. L] Chicago 11, lllinois

Send me the complete set of WFF 'N PROOF games
(21 games in set, with playing cubes, playing boards,

instruction book); my payment of $6.00 plus 25¢ for ‘
handling and postage is enclosed. Dept. SA2 J
NAME b — | —
ADDRESS |
CITY ZONE  STATE L
The three known varieties of rep-4 hexagons
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AN/DRW 11 to SYNCOM /400 Ways to be Well Received

Since 1958, when it first built the AN/DRW 11 (a
receiver whose primary function is to destroy malfunc-
tioning missiles), STL has produced more than 400 space
communications receivers of 14 different designs. The
Able I receiver, the first phase-locked receiver ever to fly,
was built by STL. So were the ground station parametric
amplifiers that tracked Pioneer V 22 million miles into
space. STL built the receiver now being used at Plermeur-
Bodou, France, to track America’s first communications
satellites. The voice communications receiver for SYN-
COM and the space command receiver for NASA’s OGO
are both STL products. Scientists and engineers interested
in advancing the art of space communications will find
Space Technology Laboratories an active place.

L/

los Angeles » Yandenberg AFB » Norton AFB, San Bernardino « Cape Canaveral - Washington, D. C. - Boston ¢ Huntsville « Dayton « Houston

S48

STL builds spacecraft for NASA and Air Force-ARPA,
and continues Systems Management for the Air Force’s
Atlas, Titan and Minuteman programs. These activities
create immediate openings in: Space Physics, Radar Sys-
tems, Applied Mathematics, Space Communications,
Antennas and Microwaves, Analog Computers, Com-
puter Design, Digital Computers, Guidance and
Navigation, Electromechanical Devices, Engineering
Mechanics, Propulsion Systems, Materials Research. To
obtain additional information regarding positions at
Southern California or Cape Canaveral, you may
contact Dr. R. C. Potter, One Space Park, Dept. -5,
Redondo Beach, California, or P.O. Box 4277, Patrick
AFB. STL is an equal opportunity employer.

SPACE TECHNOLOGY LABORATORIES, INC.
a subsidiary of Thompson Ramo Wooldridge Inc.
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Two stellated rep-4 polygons
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Three examples of rep-4 nonpolygons
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Morgan summed up this sort of situation
admirably in the following jingle, the
first four lines of which paraphrase an
earlier jingle by Jonathan Swift:

Great fleas have little fleas
Upon their backs to bite "em,
And little fleas have lesser fleas,
And so ad infinitum.
The great fleas themselves, in turn,
Have greater fleas to go on;
While these again have greater still,
And greater still, and so on.

Until recently not much was known
about polygons that have this curious
property of making larger and smaller
copies of themselves. In 1962 Solomon
W. Golomb, who is on the staff of the
Jet Propulsion Laboratory of the Cali-
fornia Institute of Technology and is
associate professor of electrical engi-
neering at the University of Southern
California, turned his attention to these
“replicating figures”—"“rep-tiles,” as he
calls them. The result was three private-
ly issued papers that lay the groundwork
for a general theory of polygon “replica-
tion.” These papers, from which almost
all that follows is extracted, contain a
wealth of material of great interest to
the recreational mathematician.

In Golomb’s terminology a replicat-
ing polygon of order k is one that can
be divided into k replicas congruent to
one another and similar to the original.
Each of the three trapezoids on page
154, for example, has a replicating order
of 4, abbreviated as rep-4. Polygons of
rep-k exist for any k, but they seem
to be scarcest when k is a prime and to
be most abundant when k is a square
number.

Only two rep-2 polygons are known:
the isosceles right triangle and the paral-
lelogram with sides in the ratio of 1 to
the square root of 2 [see middle illustra-
tion on page 154]. Golomb found simple
proofs that these are the only possible
rep-2 triangles and quadrilaterals, and
there are no other convex rep-2 poly-
gons. The existence of concave rep-2
polygons appears unlikely, but so far
their nonexistence has not been proved.

The interior angles of the parallelo-
gram can vary without affecting its rep-2
property. In its rectangular form the
rep-2 parallelogram is almost as famous
in the history of art as the “golden rec-
tangle,” discussed in this department in
August, 1959. Many medieval and Ren-
aissance artists (Albrecht Durer, for in-
stance) consciously used it for outlining
rectangular pictures. A trick playing
card that is sometimes sold by street-



corner pitchmen expleits this rectangle
to make the ace of diamonds seem to
diminish in size three times [see bottom
illustration on page 154]. Under cover of
a hand movement the card is secretly
folded in half and turned over to show
a card exactly half the size of the pre-
ceding one. If each of the three smaller
aces is a rectangle similar to the origi-
nal, it is easy to show that onlya 1- bV-\/)
rectangle can be used for the card. The
rep-2 rectangle also has less frivolous
uses. Printers who wish to standardize
the shape of the pages in books of vari-
ous sizes find that in folio, quarto or
octavo form it produces pages that are
all similar rectangles.

The rep-2 rectangle belongs to the
tamily of parallelograms shown in the top
illustration on page 156. The fact that
a parallelogram with sides of 1 and Vk
is always rep-k proves that a rep-k poly-
gon exists for any k. It is the only known
example, Golomb asserts, of a family of
figures that exhibit all the replicating
orders. When k is 7 (or any prime great-
er than 3 that has the form 4n — 1), a
parallelogram of this family is the only
known example. Rep-3 and rep-5 tri-
angles exist. Can the reader construct
them?

A great number of rep-4 figures are
known. Every triangle is rep-4 and can
be divided as shown in the second illus-
tration from the top on page 156. Among
the quadrilaterals, any parallelogram is
rep-4, as shown in the same illustration.
The three trapezoids in the top illustra-
tion on page 154 are the only other ex-
amples of rep-4 quadrilaterals so far dis-
covered.

Only one rep-4 pentagon is known:
the sphinx-shaped figure in the third il-
lustration from the top on page 156.
Golomb was the first to discover its rep-4
property. Only the outline of the sphinx
is given so that the reader can have the
pleasure of seeing how quickly he can
dissect it into four smaller sphinxes.

There are three known varieties of
rep-4 hexagons. If any rectangle is di-
vided into four quadrants and one quad-
rant is thrown away, the remaining fig-
ure is a rep-4 hexagon. The hexagon at

Every rep-4 polygon is also rep-9

WHEN IS A LAMP
NOT A LAMP?

When it’s a Barretter! -

Lamps are usually associated with light—but not

this one. In fact, nobody cares if it ever emits a

single ray! Its sole function is to protect the ex-
pensive solid state components in an electronic
circuit from damaging overloads.

This “barretter lamp”’
Chicago Miniature Lamp Works for this purpose,
is quite small. It acts as a non-linear resistor unit,
being largely inoperative, with near-zero resis-
tance, while the circuit functions normally. When
the circuit is subjected to dangerous surges or
becomes overloaded, the barretter immediately
absorbs damaging excess energy and effectively

, especially developed by

VOLTAGE

CURRENT
Typical performance curve
of CM Barretter Lamp.

prevents thermal runaway. In addition, it acts as a precision fuse.
This lamp is typical of many that Chicago Miniature has ‘“‘en-

CHICAGO

MINIATURE

gineered to the job.” Consult Chicago Miniature on all
your lamp requirements, whether standard or special.
Write today for complete information.

CHICAGO MINIATURE

LAMP WORKS
4425 Ravenswood Avenue, Chicago 40, lllinois

INTEGRATING ACCELEROMETER

L LU

NUMBER OF PULSES IS PROPORTIONAL
TO DISTANCE TRAVELED / OUTPUT
FREQUENCY IS PROPORTIONAL TO VELOCITY

Globe's Integrating Accelerometer is a compact, proven,
and relatively low cost device for use in missiles,

aircraft, and ground vehicles where you need a direct
output signal (easily telemetered) that yields distance and
velocity. Accuracies are in the 2% to .3% range of
distance traveled, depending on temperature and

whether standard or special design is required.

Uses are in safe-arming switches, missile sled tracks,
ejection seats—any application where position distance

or velocity measurement is required rather than simply
time or acceleration. The Globe Integrating Accelerometer
bridges the gap between the fancy hardware and

the G-measuring types. Request Bulletin D-900 from

Globe Industries Inc., 1784 Stanley Avenue, Dayton 4, Ohio.
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Think
systems

One rarely has the opportunity
to think about tomorrow in a real
sense —and literally do something
about it. This is the opportunity
that Scientific Search is offering
to men who are truly qualified to
meet the boundless demands of
science of the future. One of the
largest, most progressive and most
successful aerospace firms in the
nation located in Southern Cali-
fornia needs over 100 men for
systems research. If you were in
the top 10% ten years ago and if
youplan to be in thetop 10% ten
years from now, you are almost
assured of a position.

Bachelors, masters and doctors
in electrical engineering, physics
and mathematics with systems
backgrounds are required.
INFORMATION PROCESSING

SYSTEMS
COMMUNICATIONS SYSTEMS
ADVANCED SYSTEMS ANALYSIS

COMMAND AND INTELLIGENCE
SYSTEMS

ANTI ICBM TECHNOLOGY
ASW

Scientific Search is one of the
leading consultants specializing
exclusively in the aerospace fields,
representing YOU to industry.
Send your résumé immediately.
Our response will also be imme-
diate. Management assumes all
fee responsibility.

R

Scientific Search
Suite 737 / 6399 Wilshire Blvd.
Los Angeles 48, Calif. - OL 3-6730
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the left at the bottom of page 156 shows
the dissection (familiar to puzzlists)
when the rectangle is a square. The other
two examples of rep-4 hexagons (each of
which can be dissected in more than one
way) are shown at the middle and right
in the same illustration.

No other example of a standard poly-
gon with a rep-4 property is known.

There are, however, “stellated” rep-4
polygons (a stellated polygon consists
of two or more polygons joined at single
points), two examples of which, pro-
vided by Golomb, are shown at the top
of page 158. In the first example a pair
of identical rectangles can be substituted
for the squares. In addition, Golomb has
found three nonpolygonal figures that

Stellated rep-9 polvgons: The Fish (a), The Rird (b) and The Ampersand (c¢)
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The National Aeronautics and Space Administration has assigned to

General Electric a major role in designing and developing integrated,

automatic checkout and test equipment for the APOLLO program, in addi-

tion to supporting NASA in overall reliability of the entire system. High

level specialists and systems people are being drawn from many components

of the company to contribute to the design and development of computerized semi-automatic and
automatic checkout systems. Additional highly qualified engineers and scientists are needed now.

Assignments are at HUNTSVILLE, CAPE CANAVERAL and DAYTONA BEACH

Engineering experience required in: SYSTEMS and SUB-SYSTEMS CHECKOUT and TEST PLANS, DESIGNS and OPERATIONS

U Complex Systems Design U Logic Design o Compu+er Engineering

U Guidance Control Systems ' Human Factors L) Computer Programming
U Communications Systems U Systems Engineering U Data Processing Display
U Electronics Packaging Design U Cryogenics U Circuitry & Circuit Design
U Instrumentation & Simulation Systems U Engineering Writers O Data Analysis

If you have experience in any of the listed areas, write us today (include salary requirements). Your inquiry will
be held in strict confidence. Write to: Mr. P. W. Christos, Professional Placement, Section 59-E, Apollo Support
Department, General Electric Co., Support Building, Daytona Beach, Florida.

APOLLO SUPPORT DEPARTMENT

GENERAL & ELECTRIC

An Equal Opportunity Employer
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MACHINATOR?
PHYSICVS?

Mirvmne estnos Latine
machinatores physi-
cosqve compellare? Min-
ime. Nam tempvs fvit,
cvm viri scientiae natv-
ralis peritissimi lingva
Latina vtebantvr; itagve
nos, qvi apvd Percinivm
Elmervm laboramvs,
svmmos viros scientiae
natvralis peritos eam lin-
gvam, gvam mortvam
esse vvlgvs credit, ali-
gvanto melivs adhvc scire
arbitramvr. Haec igitvr
verba, cvm ad svmmos
physicos machinator-
esqve attineant, Latine
scribere constitvimvs.

Eximia opportvnitas
excellendi in arte electro-
optica, detectione, men-
svra, resolvtione, recog-
nitione, nvnc a Percinio
Elmero offertvr homini-
bvs peritis. Sioccvpa-
tiones vsitatae tibi displi-
cent, si a collegis compro-
bari vis, si deniqve aggre-
gare te societati cvpis,
gvae opera longingva et
gloriosa appetit, cvrricv-
lvm vitae, qvod dicitvr,
R. H. Bylesio mitte
(gvippe qvi parem oppor-
tvnitatem omnibvs prae-
beat) in oppido Norwalk,
Conn., habitanti. Facvltas
cvm eo collogvendi celeri-
ter ac facile dabitvr.

PERKIN-ELLMER
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A rep-16 octagon

are rep-4, although none is constructible
in a finite number of steps. Each of these
figures, shown at the left in the bottom
illustration on page 158, is formed by
adding to an equilateral triangle an end-
less series of smaller triangles, each one-
fourth the size of its predecessor. In each
case four of these figures will fit together
to make a larger replica, as shown at the
right in the same illustration. (There is a
gap in each replica because the original
cannot be drawn with an infinitely long
series of triangles!)

It is a curious fact that every known
rep-4 polygon of a standard type is also
rep-9. The rep-4 Nevada-shaped trape-
zoid on page 159 can be dissected into
nine replicas in many ways, only one of
which is shown. (Can the reader dissect
each of the other rep-4 polygons, not
counting the stellated and infinite forms,
into nine replicas?) The converse is also
true: All known standard rep-9 poly-
gons are also rep-4. Three interesting
examples of stellated rep-9 polygons,
discovered and named by Golomb, are
shown on page 160. None of these poly-
gons is rep-4.

Any method of dividing a 4-by-4
checkerboard along grid lines into four

congruent parts (as discussed in this de-
partment in November, 1962) provides
a figure that is rep-16. It is only neces-
sary to put four of the squares together
to make a replica of one of the parts, as
in the illustration above. In a similar
tashion, a 6-by-6 checkerboard can be
quartered in many ways to provide rep-
36 figures, and an equilateral triangle
can be divided along triangular grid lines
into rep-36 polygons [see illustration be-
low]. All of these examples illustrate
a simple theorem, which Golomb ex-
plains as follows:

Consider a figure P that can be di-
vided into two or more congruent fig-
ures, not necessarily replicas of P. Call
the smaller figure Q. The number of
such figures is the “multiplicity” with
which Q divides P. For example, in the
illustration below the three hexagons
divide the triangle with a multiplicity of
3 and small equilateral triangles will
divide each hexagon with a multiplicity
of 12. The product of these two multi-
plicities (3 X 12) gives a replicating
order for both the hexagon and the equi-
lateral triangle: 36 of the hexagonal
figures will form a larger figure of similar
shape, and 36 equilateral triangles will

!

Three rep-36 polygons
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47 New Career Positions
at RAC

The Research Analysis Corporation [CAN YOU FILL ONE?] way. A career appointment at RAC

is expanding dynamically to meet greater and more complex
responsibilities in scientific problem-solving. Headquartered
in the Washington, D. C. area, with field offices in Europe
and Southeast Asia, RAC applies the most advanced tech-
niques of operations research and systems analysis to
problems underlying many areas of major national decision
—military, political, and economic.

All of the 47 positions presently available require ad-
vanced degrees, and they span the entire 10-division com-
plex of RAC. The majority call for mathematicians, mathe-
matical statisticians, physical scientists, and engineers, with
appointments available also to economists, chemists, me-
teorologists, and operations analysts.

You will work in an environment of creativity and ac-
complishment; easy interchange of ideas is aided in every
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offers you the stimulation of practicing your own specialty
alongside scientists and engineers of other disciplines (all
told, there are 32 separate disciplines and technical specialties
represented on RAC'’s professional staff). The interplay and
synthesis of sciences that is such an important characteristic
of operations research enables each participant to rise above
his own field and adds an extra dimension to his efforts.

The assignments are often of immediate and major im-
portance to the national purpose. Your growth opportunities
and rewards will be in keeping with this level of activity.
Please send your resume to Mr. John G. Burke, Professional

Staffing, Research Analysis Corporation, 6935 Arlington
Road, Bethesda 14, Maryland (residential suburb of Wash-

Research Analysis Corporation
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Why you should send
for this paper

The field is still in its infancy... but not
for long.

From a strict systems point of view, the
problems are varied and unusually com-
plex. Meeting them on a daily basis are
the scientists and engineers of ITT-
Intelcom, Inc., a compact, new organi-
zation formed by ITT in November, 1962,
to pursue satellite communications sys-
tems studies on an exclusive basis.

To learn more about the immediate and
long-term challenges of this work, write
us for a reprint of a paper written by
Dr. W. M. Duke, President of ITT-Intel-
com. Originally presented at the 1962
Air Force Association annual convention,
it offers an illuminating discussion of op-
erational system criteria and alternative
conceptual approaches to communica-
tion satellite systems.

Along with the reprint, we will enclose
data sheets outlining positions currently
open at Intelcom. If you are interested
in immediate consideration for employ-
ment, kindly enclose a complete resume
with your reprint request. Otherwise,
merely ask for the reprint and we'll be
glad to forward it to you without
obligation.

IMMEDIATE OPENINGS
Communication Traffic Engineering
Communications Theory
Large-Scale System Operations
Analysis
Modulation/Demodulation/
Anti-Jam Techniques
Operations Research
Orbital Mechanics
Reliability Mathematics/Statistics
Reliability Systems Analysis
Space Environment Physics
Spacecraft Mechanical &
Dynamic Systems
Telecommunication System
Planning and Analysis

Address your request or resume in con-
fidence to Mr. H. T. Curran, Box 93-MH,
ITT-Intelcom, Inc., 5817 Columbia Pike,
Bailey’s Crossroads, Virginia. (15 min.
from downtown Washington, D. C.)

ITT ==

International Telephone
and Telegraph Corperation
An Equal Opportunity Employer
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Three rep-144 polygons

torm a larger equilateral triangle. In
more formal language: If P and Q are
two shapes such that P divides Q with a
multiplicity of s, and Q divides P with
a multiplicity of ¢, then P and Q are both
replicating figures of order st (s X t).
Of course, each figure can have lower
replicating orders as well. In the exam-
ple given, the equilateral triangle, in
addition to being rep-36, is also rep-4,
rep-9, rep-16 and rep-25.

When P and Q are similar figures, it
follows from the above theorem that if
the figure has a replicating order of k,
it will also be rep-k2, rep-k3, rep-k* and
so on for all powers of k. Similarly, if a
figure is both rep-s and rep-t, it will also
be rep-st.

The principle underlying all of these
theorems can be extended as follows.
If P divides Q with a multiplicity of s,
and Q divides R with a multiplicity of ¢,
and R divides P with a multiplicity of u,
then P and Q and R are each rep-stu.
For instance, each of the hexominoes in
the illustration above will divide a 3-
by-4 rectangle with a multiplicity of 2.
The 3-by-4 rectangle in turn divides a
square with a multiplicity of 12, and the
square divides any one of the three origi-
nal shapes with a multiplicity of 6. Con-
sequently the replicating order of each
hexomino is 2 X 12 X 6, or 144. It is
conjectured that none of the three has
a lower replicating order.

Golomb has noted that everv known

polygon of rep-4, including the stellated
polygons, will divide a parallelogram
with a multiplicity of 2. In other words,
if any known rep-4 polygon is replicated,
the pair can be fitted together to form
a parallelogram! It is conjectured, but
not yet proved, that this is true of all
rep-4 polygons.

An obvious extension of Golomb’s pio-
neer work on replication theory (of
which only the most elementary aspects
have been detailed here) is into three
or even higher dimensions. A trivial
example of a replicating solid figure
is the cube: it obviously is rep-8, rep-27
and so on for any order that is a cubical
number. Other trivial examples result
from giving plane replicating figures a
finite thickness, then forming layers of
larger replicas to make a model of the
original solid. Less trivial examples cer-
tainly exist; a study of them might lead
to significant results.

In addition to the problems alreadv
posed, here are two unusual dissection
puzzles closely related to what we have
been considering [see illustration be-
low]. First the easier one: Can the reader
divide the hexagon [left] into two con-
gruent stellated polygons? More diffi-
cult: Divide the pentagon [right] into
four congruent stellated polygons. In
neither case are the polygons similar to
the original figure. Next month’s column
will give the answers to these as well as
the preceding problems.

Two dissection problems
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Key Positions
Available in Allison
Nuclear Energy
Conversion Projects

® The Military Compact Reactor now being developed
by Allison for the Atomic Energy Commission may also
serve as the heart of a Nuclear Powered Energy Depot.

In one Energy Depot concept, the reactor system could
be used to synthesize a fuel from universally available
elements, such as air and water. Or, electricity produced
by the reactor could be used to re-charge a fuel cell which
would supply electric power for vehicle propulsion. A

contract for development of a laboratory model of a
combined liquid metal and sodium amalgam cell for this
use was recently awarded Allison by AEC.

The Nuclear Energy Depot concept promises to be an
effective solution to the ponderous military logistics of
petroleum supply for a mechanized army. Finding the
answers to problems posed by this advanced concept
creates a distinct opportunity and exciting challenge.

We need scientists and engineers with
advanced degrees and extensive experience,
some to head groups, in the following areas:

Senior Physicists
and Engineers

Senior Scientists
and
Engineers

For NUCLEAR SYSTEMS ENGINEERING -« NUCLEAR
REACTOR DESIGN

In field of advanced propulsion and power systems. Specific areas are:
NUCLEAR SYSTEMS ANALYSIS « SYSTEMS APPLICATIONS -
COMPONENT ANALYSIS

Senior Scientists
Physicists and
Chemists

In the applied sciences section of our Research Activity. Specific openings in:
SOLID STATE PHYSICS, PHYSICAL CHEMISTRY AND
ELECTRO-CHEMISTRY.

Senior Scientists
and
Engineers

>4
Alllson ' Send your resume TODAY, or contact: Mr. V. A. Rhodes, Professional
CENERAL

and Scientific Placement, Dept. 1403, Allison Division, General Motors
Corporation, Indianapolis 6, Indiana.

Key positions in Engineering Research:
HEAT TRANSFER SPECIALISTS . PHYSICISTS « DIRECT
CONVERSION DEVICE SPECIALISTS

THE ENERGY CONVERSION DIVISION OF MOTORS
GENERAL MOTORS, INDIANAPOLIS, INDIANA

An equal opportunity employer
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8 ENGINEERS ¢ SCIENTISTS « JOIN US IN GIVING A NEW DIRECTION TO AEROSPACE TECHNOLOGY

w SPACE STATION - Only one of the critical aerospace areas in which

Republic’s Paul Moore Research Center is conducting company-funded programs

To create a new stepping stone into space, Republic scientists and engineers are developing specifications for a manned
space station. Launched into a 300-mile orbit by a single booster, this space laboratory will automatically unfold to provide
shirt-sleeve comfort for a 9-man crew. Here, men and equipment will undergo a myriad of scientific experiments.

Studies of zero-gravity effects, respiratory environments, feeding and waste disposal and a host of other problem areas
will provide a fund of knowledge for future stations and further exploration of the solar system. On this and other space
programs — such as Lunar Logistic System, Project Fire, and SMS, — engineers and scientists are invited to consider
openings on Republic’s space-team. Opportunities at all experience and degree levels exist in the following areas:

SPACE SYSTEMS CONCEPTS

/ advanced systems analysis / control systems / navigation and guidance
systems / trajectory systems / communication systems / computer systems
/ radar systems / instrumentation systems / data processing systems
/ special space system devices.

SPACE VEHICLE STRUCTURES, PROPULSION, AERODYNAMICS

/ aerodynamic heating / thermal balance analysis / environmental control
/ auxiliary power units / liquid & solid rocket propulsion / structural
analysis / thermal protection systems / structural dynamics / weight con-
trol / aerothermoelastics.

EXPERIMENTAL AND THEORETICAL ELECTRONICS RESEARCH

/ communications / controls / radar and radar cross section / antennas
/ telemetry / digital & microwave circuitry / inertial guidance / display
components / solid state components / experimental instrumentation.

MATERIALS RESEARCH

/ high temperature mechanical metallurgy / solid state & applied mechanics
/ refractory materials / high temperature stable coatings / ultratrace
spectographic analysis / vacuum techniques / physiochemical properties
/ plasmas.

PHYSICS — THEORETICAL & EXPERIMENTAL

/ solid state physics / optical physics / electromagnetics / electron
physics / particle & nuclear physics / electrophysics / biophysics /
astrophysics / atmosphere physics.

LIFE SCIENCES/SPACE ENVIRONMENTS

/ human factors / life support systems / radio biology / biochemistry
/ toxicology / psychology.

APPLIED MATHEMATICS

/ celestial mechanics / variational calculus / statistical control theory
/ applied mechanics / numerical analysis / kinetic theory.

HYDRODYNAMICS

/ hydrofoil analysis & design / propulsion / vibration & acoustics / ocea-
nography / servomechanisms / hydraulic systems / structures / mechani-
cal systems / analysis & design simulation/trainers / guidance & navigation
/ automatic controls / analog computers / hydromechanical testing.
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Manager, Dept. 8E.
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Conducted by €. L. Stong

ightning associated with thunder-
storms radiates concentric pat-
terns of electromagnetic waves
known as sferics. With surprisingly in-
expensive equipment an amateur can
detect these waves and so track thunder-
storms within a radius of several hun-
dred miles. Indeed, with little more than
a modified radio set a practiced observer
can make reliable short-term forecasts of
local thunderstorm activity simply by
observing variations in the intensity of
sferics and related fluctuations in the
earth’s electric field; increases in intensi-
tv are interpreted as meaning that a
storm is approaching [see “The Amateur
Scientist,” March, 1959]. For several
years Thomas P. Learv, an attorney in
Omaha, Neb., has maintained a sferics
station of this sort. Some months ago it
occurred to Leary that his hobby might
acquire additional interest if he could
devise a radio compass with which to
observe the bearing of storms as they
meander through the Middle West.

“There was nothing new in this idea,”
he writes. “Thunderstorm azimuth de-
tectors were first put to use during the
1930’s. No circuits have been published
since World War II, however, and there
appears to be little enthusiasm for such
equipment except in Government
weather projects. After investigating the
general principles of radio compasses, I
picked up a surplus cathode ray tube
along with its accessories and finally suc-
ceeded in devising a simplified instru-
ment that indicates the azimuth bearings
of thunderstorms within three degrees of
those given by our local weather radar
station.

“The system consists essentially of two
loop antennas crossed at right angles
and oriented to the four points of the
compass, together with amplifiers to
actuate a cathode ray tube that displays

~ THE AVATEUR SCIENTIST

How to locate a thunderstorm and track it

by detecting the radio waces it generates

the desired information. (As yet the sys-
tem does not include any reliable pro-
vision for measuring the distance of
storms. I have solved the problem to my
own satisfaction for electrical disturb-
ances within 300 miles of Omaha, but
this feature of the instrument requires
turther development.) Watching this
display and manipulating the controls
during the passage of electrically active
weather fronts has an almost hypnotic
attraction. The active cells of storms can
be seen to grow, move and decline;
frequently it is possible to distinguish
between cloud-to-cloud and cloud-to-
ground strokes. The screen displays
peculiar ‘night effects” and other pat-
terns, some of which are unexplained.
“The sensitivity of the svstem to the
direction of electromagnetic waves de-
rives from a property of the loop anten-
na. When a loop of wire that is half as
wide as the waves are long from crest to
crest is oriented in the direction in which
the waves travel, a passing wave will
induce a current in one direction in the
leading side of the loop and in the op-
posite direction in the trailing side. The
currents add and maximum voltage ap-
pears across the ends of the loop. (It the
diameter of the loop differs from half of
the wavelength, the output voltage is
less than maximum but the same prin-
ciple applies.) When the loop is oriented
at right angles to the approaching wave,
opposing currents are induced in the two
sides. Destructive interference then oc-
curs and no voltage appears across the
terminals. (It is assumed that the loop is
enclosed by an electrostatic shield so
that fluctuations in neighboring electric
fields, including the earth’s field, do not
induce spurious voltages.) The sensitiv-
itv of the loop to signals from various
directions, when plotted on graph paper,
takes the form of a figure eight, with
maximum signal response in the direc-
tion of the plane of the loop and nuil,
or minimum, response at right angles to
this plane [see illustration at right].
“Two such loops are crossed at right
angles and their amplified outputs are
fed to the deflection plates of a cathode
ray tube. If a storm occurs in the plane
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of one of the loops, the bearing of the
incoming signal takes the form of a
straight horizontal or vertical line across
the face of the tube because the loop at
right angles to the signal picks up no
energy. When the direction of the signal
is intevmediate to the planes of the loops,
however, each loop picks up energy in
proportion to the angle between its plane
and the impinging signal. The directivity
patterns of the loop antennas are similar,
with the result that as the signal source
moves, voltage rises in one loop and falls
in the other. The voltage changes deflect
thebeam, and the straight line displayed
on the face of the tube rotates synchro-
nously with the changing direction of the
incoming signal. This assumes that the
relative phase of the signal voltage in-
duced in each loop is not shitted by the
amplifiers and that the amplifiers have
equal gain.

“In the elementarv system just de-
scribed the display, or bearing, line
would have a 180-degree ambiguity.
That is, it would indicate that a storm
lies somewhere on a line extending
through the antenna but it would not
indicate on which side—whether east or
west, for example. This information can
be provided by a third signal picked up
by a nondirectional antenna, such as a
straight vertical wire. A separate circuit
is arranged to amplify this “sense” signal,
shift its phase 90 degrees and apply the

null
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Directional sensitivity of loop antenna
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Cathode ray tube displays of various sferics

resulting voltage to the grid of the cath-
ode ray tube. If a constant voltage that
almost suppresses the beam is also ap-
plied to the control grid of the tube, the
effect of the ‘sense’ signal is to black out
half of the line displaved on the tube.
The intensity of the remaining half varies
from a faint trace at the center of the dis-
play to maximum brilliance at the outer
end, as shown in the accompanying dia-
gram [above].

“After experimenting with several cir-
cuits that employed narrow-band am-
plifiers operating in the range of 85 to
455 kilocvcles, for which inexpensive in-
termediate- -frequency transformers were
available, I finally switched to broader-
band components that operate in the
audio- and low-radio-frequencv spec-
trum. The construction was more diffi-
cult at the higher frequencies and the
adjustments for maintaining proper
phase-shitt were critical. The simpler
broad-band balanced amplifiers that
were used in the final design dispensed
with tuned circuits altogether and elimi-
nated the necessitv of matching the
phase relation of signals in the two loop
antennas. Sferics are essentiallv broad-
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band signals. A lightning stroke, par-
ticularly a cloud-to-ground stroke, dis-
sipates an enormous amount of energy
in a small fraction of a second. The
potential difference between the earth
and a cloud that discharges a 1,000-
foot stroke can be on the order of a bil-
lion volts; the current varies between
10,000 and 500,000 amperes and the
power amounts to as much as 100 kilo-
watt hours. The energy is radiated over
a band of frequencies that extends from
audio-frequencies through the spectrumn
of light.

“Part of the energy, in the form of
low-frequency signals, impinges on the
loop antennas directly and part after re-
flection from regions of the ionosphere.
Reflection alters the polarization of the
signals—the plane in which the waves
vibrate. Loop antennas, although simple
and dependable, are sensitive to polar-
ization cffects. Direct signals from cloud-
to-ground strokes vibrate in the vertical
plane; they are vertically polarized. My
instrument displays them as a straight
line on the face of the cathode ray tube.
Reflection in the upper atmosphere can
rotate the plane of polarization through



a large angle that causes the line to | | EEEG_—_ M

broaden into an oval or wishbone-shaped
display. This occurs in the case of cloud-
to-cloud strokes. Two waves from the
same stroke but of differing polarization
(a sky wave and a ground wave) may |
reach the loops almost simultaneously.
The superimposed signals are then dis-
played as an open oval bisected by a
straight line. Because of ionospheric
conditions this often takes place at night.

“I wound my loops on ‘hula hoops,’
those plastic rings that were such a fad
among children a few years ago, pri-
marily because I happened to find a pair
priced at 19 cents each. One could sub-
stitute plastic hose or piping or some
other material. A half-inch section was
cut in the perimeter of the hoops, form-
ing a channel to receive 50 turns of
20-gauge, plastic-insulated magnet wire.
A coil of this size intercepts ample ener-
gy for detecting storms up to 600 miles
away. The ends of the coil are connected
to jacks of the type used in electric
phonographs, mounted on small metal
plates attached to the hoops [see illus-
tration below]. Two identical loops are
required. Each is wrapped with strips of
aluminum foil about 1% inches wide,
which acts as an electrostatic shield. The
toil is connected electrically to the metal
plate that mounts the jacks and is cov-
ered with a wrapping of masking tape. |
A section of foil about half an inch wide
is cut from the shielding at a point op-
posite the jacks to prevent the shielding
from acting as a short-circuited turn.
The loops are mounted at right angles,
accurately aligned north-south and east-
west, at least 20 feet above the ground
and, as nearly as possible, directly over
the receiving system. The loops should
be placed as far as possible from vertical
metal structures such as pipes.

“The loops and amplifiers are con-
nected by four equal lengths of small-
diameter coaxial cable such as tvpe

gap n
SR foil
50 turns
H # "
4 20 Formvar ',
\l on 3ft. hoop |
A ;
/
5 e
N -a" .
phono™~San =~ foil

Jacks o shielding

Diagram of loop antenna
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9 The psychical entities which seem to serve
as elements in thought are certain signs and
e more or less clear images which can be

voluntarily reproduced and combined. This
combinatory play seems to be the essential
Seature in productive thought.

ALBERT EINSTEIN
Seventeen years of Synectics research have led to the
identification of certain psychological constants which
underlie productive thought. These constants can be
learned and used operationally to increase the probability
of success in problem-solving situations. For eight years
this discipline has been taught to selected personnel
from one company at a time. Formerly twelve weeks
were necessary for this training.

Synectics is now able to offer an intensive 2-week train-
ing course for problem-solving in general and inter-
disciplinary problem-solving in particular. These courses
are open to individuals, both technical and non-techni-
cal, irrespective of their company affiliation.

For further information, write for folder.

SYNECTICS Inc., 292 Main St., Cambridge 42, Mass.
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RG-78 U. The cables end in plugs that
mate with phonograph jacks. The cir-
cuit includes a double-pole, double-
throw toggle switch so that each ampli-
fier can be connected to a different loop
or both amplifiers to the same loop, de-
pending on the position of the switch.
The switch is to be used when the ampli-
fiers are adjusted for equal gain.

“The amplifiers are of the push-pull,
high-gain type designed for operation in
the range of 100 to 12,000 cycles. As in
all high-gain amplifiers, the ground con-
nections for each tube should be made
at a common point and the input and
output circuits should be spaced as far
apart as possible. Chance feedback and
consequent oscillation will also be mini-
mized by keeping the tubes widely
separated. Decoupling filters made of
appropriate resistors and capacitors are
used in the plate circuits of both ampli-
fier stages to prevent spurious currents
from entering the units from the power
supply, as shown in the accompanying
diagram [below]. The amplifiers operate
trom any well-filtered power supply that
delivers 250 to 300 volts at about 75
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milliamperes of direct current and 6.3
volts at five amperes. A separate filament
transformer is required for the cathode
ray tube.

“The ‘sense’ antenna can be a vertical
wire 30 feet or more in length suspended
between insulators within a reasonable
distance ot the loops. If the distance be-
tween this antenna and its amplifier is
more than 20 feet, the connection be-
tween the two should be made with
coaxial cable. The signal enters the sense
amplifier through a phase-shifting net-
work composed of a series capacitor
bridged by a 50,000-ohm potentiometer,
which also serves as a control for reduc-
ing the intensity of the sense signal when
sferics of exceptional strength are re-
ceived [see top illustration on page 172].
The gain of the first stage of the sense
amplifier is controlled by adjusting the
potential applied to the screen grid.
(This method of control does not in-
fluence the phase of the signal when the
gain is altered, as would be the case if
the gain were controlled in the cathode
circuit.) The sense antenna should be
equipped with a lightning arrester.

=~ All condensers 400 v
\ paper except polav- —
| ized electrolytics

“f\M'A'.""'J"
100K

except as noted

“The cathode ray tube is energized by
a power supply c‘lpable of developmg
between 2,500 and 3,000 volts and two
milliamperes of direct current. I am at
present using a 3JP1 cathode ray tube.
This component produces a brilliant dis-
play and is generally available from sur-
plus dealers. Recently it was priced at
$7.50 by Barry Electronics Corp. (512
Broadway, New York 12, N.Y.). This
firm also offers for $10.90 a piece of
apparatus that includes a 3JP7 cathode
ray tube along with a magnetic shield, a
mllhammetel and other components use-
tul in the construction. The 3]P7 tube is
coated with a phosphor that produces a
long-persistence image that must be
viewed in the dark. (The long persis-
tence may well produce confusing pat-
terns when a really wild front comes
through.) When working with any of
these tubes, remember that the high
voltage is lethal. Disconnect the line cord
and short-circuit the capacitors with the
blade of a screw driver before touching
any part of the circuit.
“The arrangement of the parts on the
chassis supporting the cathode ray tube

CR.T
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Circuit diagram of a directional amplifier
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Sandia Corporation is vitally interested in PhD's who are seeking professional

growth through full-time research.

Sandia offers exceptional opportunity for the research-oriented PhD in the
following fields: Physics, Materials Science, Engineering, Mathematics,

Chemistry and Ceramics. A representative example of our research:

Magnetohydrodynamics—Magnetohydrodynamics
research is carried out at Sandia working

with plasmas having a high electron density but
with a low temperature (104 to 105 K).

Such a plasma provides opportunities for a

wide variety of studies of the interactions with
changing magnetic structures.

Sandia, a prime contractor to the Atomic Energy Commission, is operated
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system, the management includes outstanding executives and scientists
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is not particularly critical. The controls
used for centering the beam—two
300,000-ohm potentiometers—need not
appear on the panel. They are adjusted
only when a tube is installed or replaced.
The focus and brightness controls oper-
ate at high potential and should be
mounted under the chassis on insulating
material and linked to knobs on the
panel through an insulating coupling.
The 1.25-megohm section of the voltage
divider should be made up of four or five
two-watt carbon resistors in series to pre-
vent voltage breakdown [see illustration
below]. The high-voltage transformer
should be mounted as far away from
the tube as possible to minimize the
tendency of its alternating-current field
to modulate the beam. The power supply
and high-potential connection to the
cathode ray tube should be wired with

L}
a-

20

2 I\

conductors specially insulated for high
voltages. It is a good idea to inscribe the
points of the compass or degree markings
on the face of the cathode ray tube with
a grease pencil or to attach a plastic com-
pass rose to the face of the tube.

“To place the completed system in
operation, first identify the two pairs of
coaxial cables that are connected to the
loop antennas by making continuity tests
with an ohmmeter, and connect one pair
to each of the signal amplifiers. (Do not
make the mistake of connecting one end
of each loop to each of the amplifiers.)
Then connect the sense antenna to its
amplifier. The shielding braid of all four
loop cables must be electricallv con-
nected at each end and glounded to the
amplifiers as well as to a water pipe.

“Now turn on the power. Turn the
gain controls of both signal amplifiers to

- |+
1

?-21{
1w

+300V

Schematic diagram of “sense” amplifier circuit

maximum and operate the double-pole,
double-throw toggle switch in the an-
tenna circuit to connect both amplifiers
across one loop. If there is a thunder-
storm within range, its sferic signal
should now produce a sharp line extend-
ing across the face of the cathode ray
tube 45 degrees trom the vertical. It the
line is not at a 45-degree angle, the gains
of the two amplifiers are unbalanced.
Reduce the gain of either amplifier (but
not both) until the display is properly
aligned. Then restore the toggle switch
to its former, or operating, position.
“You must now determine the true
bearing of the approaching storm by
some means external to the system in
order to orient your cathode ray tube
with actual north and south. A call to
the local weather bureau will usuallv
provide the information, particularly if
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An elegant, but tiny refrigerator, utilizing
the Nernst-Ettingshausen effect, has been
demonstrated in the Solid State Physics
Laboratoriesat Lockheed Missiles & Space
Company. This type of cooling is appli-
cable below 200° Kelvin, where thermo-
electric cooling is no longer efficient. It
shows particular promise for space appli-
cation because of the reliability inherent
in its all-solid state construction.

In the Nernst-Ettingshausen effect, heat
is pumped as a result of an electrical cur-
rent flowing in a magnetic field. The heart
of the present device is a bismuth anti-
mony single crystal. Other crystal sys-
tems are also being investigated.

This thermomagnetic cooling device is
one oftheresults ofthe Lockheed research
programintransportphenomenain solids.

Another investigation concerns the
quantum theory ofthe electronic structure
of crystals. An ingenious computer pro-
gram has been devised for determining
the essential features of the energy band
structure of a wide variety of crystals.
Results for a given case can be obtained
in an hour or less. Conclusions drawn
from the theoretical solution elucidate
many of the electronic properties of crys-
tals, and have widespread significance.

Lockheed scientists and engineers are
also studying: Electron spin echo phe-
nomena; the interaction of electrons with
microwave phonons; coupled traveling
waves in crystals; semiconductor lasers;
antiserromagnetic resonance; various
theoretical and experimental aspects of
superconductivity.

LOOK AT LOCKHEED

Basic and applied research on the properties of solids

LOOK AT LOCKHEED...AS A CAREER
Consider Lockheed's leadership in space
technology. Evaluate its accomplishments
—such as the Polaris missile, the Agena
vehicle's superb record of space mis-
sions. Examine its outstanding advan-
tages—location, advancement policies,
creative climate, opportunity for recognition.
Then write for a brochure that gives you
a more complete Look at Lockheed.
Address: Research & Development Staff,
Dept. M-45B, P.O. Box 504, Sunnyvale,
California. Lockheed is an equal oppor-
tunity employer.
SCIENTISTS & ENGINEERS: In addition
to solid state physicists and chemists,
otherimportant openings existfor special-
ists in: Inertial guidance « Orbit thermo-
dynamics « Electromagnetics « Mission &
trajectoryanalysis « Gas dynamics « Chem-
ical & nuclear propulsion « Systems en-
gineering « Computer research

LOCKHEED

MISSILES & SPACE COMPANY

;A GAROUP DIVISION OF LOGCRMEED AIRCRAFT CORPORATION

Sunnyvale, Palo Alto, Van Nuys, Santa Cruz,
Santa Maria, California « Cape Canaveral,
Florida « Huntsville, Alabama « Hawaii

© 1963 SCIENTIFIC AMERICAN, INC



we're

looking

for

- ——— - T — — — — — —————— -

an experimental physicist

Here is an unusual opportunity for a
versatile physicist (Ph.D.) to play a
leading role in a company which is
growing rapidly because of its techni-
cal accomplishments.

At FMA we apply advanced elec-
tronic, optical and mechanical tech-
niques to the problem of graphic
information. Because research shows
the photographic emulsion is the most
efficient medium for storing infor-
mation, we have engineered these
techniques into a series of unusually
sophisticated electro-optical systems
and devices which transport, retrieve,
enhance, and display information
recorded on film.

We are looking for an experienced
physicist who can originate ideas in
the electro-optical field and help guide
their engineering development.
Because of our continuing require-
ments, vour résumé will always receive
prompt and confidential attention.

Write to: Mr. C. J. Blades
FMA, Inc. 142 Nevada Street
El Segundo, California

AN EQUAL OPPORTUNITY EMPLOYER

When you think of inForMAtion think of FMA

|74

you explain what you are up to, because
most of the nation is now covered by
weather radar stations that keep track of
all disturbances within 200 miles or so.
Failing this expedient, you can tune in
on an aircraft radio-range station with a
radio receiver that can pick up the band
between 150 and 350 kilocycles. These
stations transmit continuous weather re-
ports, including the location of such
thunderstorms as may be in progress. As
a last resort, simply wait until a storm
appears in your vicinity and take a look.
Once the true bearing of a storm has
been determined, check the display on
the cathode ray tube and, if necessary,
interchange the lead-in cables from the
loop antennas until the display is aligned
with the bearing of the storm. Only four
input combinations are possible, so that
the task is not difficult. The procedure
should be repeated with another storm,
about 90 degrees removed from the first,
as a double check.

“The knack of interpreting displays
comes with experience. The length of the
line on the scope indicates the strength
of the incoming signals, and it is pos-
sible with experience to judge the range
of a storm with reasonable accuracy on
the basis of this signal strength. A storm
at long range produces a short, straight
line when the gain is set at maximum;
storms at medium range produce longer
lines. The line broadens into an ellipse
when horizontally polarized sferics are
received from strong cloud-to-cloud dis-
charges. Thunderstorms in the imme-
diate vicinity set up confused patterns.

“As an aid in learning to judge range
one can use the hourly low-frequencv
reports, broadcast by radio-range sta-
tions, of the movement of frontal sys-
tems. Many thunderstorms occur along
the line of a cold front. A strong sferics
display in the direction of such a front at
a known distance provides an opportu-
nity to co-ordinate the appearance of the
display with a reasonable approximation
of distance. Storms ()ccurring simultane-
ously at widely separated bearings pro-
duce simultaneous displays. Isolated
storms not associated with major fronts
produce single displays. If a display of
this type remains fixed in azimuth but
increases in intensity, it can be assumed
that the storm is headed in your direc-
tion. In summer most cold fronts move
through the Middle West at 20 to 25
miles per hour, so that it is possible to
estimate the arrival time of the bad
weather.

“As signals grow in strength, the gain
of both signal amplifiers must be reduced
to keep the end of the display from going
oftf the face of the tube. Whenever the
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gain is thus altered, the gain of amplifiers
must be equalized by the procedure
previously described. The intensity, or
brightness, control is ordinarily set so
that the bright spot made by the beam
is barely visible. The spot should be
centered accurately by means of the
centering controls. The optimum posi-
tions of the sense-input potentiometer
and the sense-gain control depend on
the location of the storm and the inten-
sity of the signals. The operation of the
controls must be learned by experience.
The circuit operates with maximum gain
and minimum attenuation when both
controls are set for maximum resistance
with respect to the ground.

“A few verified tornadoes have been
observed. Any storm that produces
rapidly repeated pips on the same bear-
ing is suspect, particularly if the display
persists for an appreciable time. Some
observers report that tornadoes produce
no cloud-to-ground strokes and that the
cloud-to-cloud discharges in a tornado
funnel are radiated principally above
100 kilocycles. At close range, however,
it is possible to detect the ‘tornado oscil-
lator” at low frequencies. An 85-kilocycle
receiver in use at my station has pro-
duced an elliptical display with rapidly
recurring sferic pips on the azimuth of a
small tornado 24 miles away. Thunder-
storms and precipitation are almost al-
ways accompanied by observable elec-
trical activity, and some ‘severe-weather
warnings’ issued by local weather bu-
reaus can be discounted if the sferic in-
dicator does not show corresponding
electrical disturbances.

“Another phenomenon that may show
up on the scope is the ‘clear-weather
sferic,” a lightning discharge in an area
of calm, clear skies, usually in summer.
These have also been observed visually,
although little is known about them.

“Giant electrical storms can also be
detected on occasion. The clouds in these
disturbances sometimes reach 12 miles
into the stratosphere and develop as
many as 10 to 20 cloud-to-cloud strokes
per second. These enormous thunder-
heads, which often give rise to tornadoes,
can actually be seen when they are more
than 150 miles away. The signals they
produce are characterized, according to
one report, by a series of sferic pips that
occur a fraction of a second apart and, at
long range, on the same azimuth.

“Two or three sferics azimuth stations,
separated by 100 miles or so, could ob-
tain accurate fixes on thunderstorms if
the problem of establishing communica-
tions between stations can be solved.
Perhaps the solution can be found in
amateur radio.”
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by John Passmore

Tie CAREER OF PHILOSOPHY: FroM THE
MippLeE AGES TO THE ENLIGHTEN-
MENT, by John Herman Randall, Jr.
Columbia University Press ($13.95).

hen St. Peter Damian, writing

in the 11th century, described

philosophy as “the handmaid of
theology,” he intended to cast philoso-
phy in a menial role, but at least he did
not impugn its respectability. Later
scholastic theologians reinterpreted his
dictum so as to ensure for philosophy a
higher social status. A handmaid, they
said—taking Abraham’s Hagar as their
prototype—was no mere servant: she
shared the dignities and responsibilities
of a lawtul spouse. Professor Randall will
have none of this; philosophy, he tells
us, serves neither husband nor master.
This is not, however, because she lives
an independent life but because she con-
stantly shifts her allegiance, transferring
her affections to whatever form of hu-
man enterprise—be it theology, science
or social reconstruction—is prepared to
pay the highest fee for her services. Thus
“handmaid” becomes a euphemism for
“harlot.”

Philosophy, Randall explicitly writes,
“belongs to the oldest profession in the
world: she exists to give men pleasure,
and to satisfy their imperious needs.”
One could sum up his view by saying
that Philosophy is the ideal mistress of
the adolescent imagination, as depicted
in innumerable historical novels. Coura-
geous (“you will find her always where
the fighting has been fiercest”) and
worldly-wise (“with the wisdom of her
incredible experience she teaches [men]
how to win”), Philosophy never forgets
her primary responsibility, which is to
offer delight and consolation. “She con-
sorts with men, comforts men, tells them
what they want to hear.”

It Randall is right, what Plato called
“the Sophists™ are the true philosophers.

BOOAY

A critique of a recent

historyv of philosophy

In Plato’s eyes, of course, the Sophists
were the enemies of philosophy, the
more dangerous because they imitated
its external characteristics while falsity-
ing its spirit. Yet he did not deny that
thev were gifted men; it is the nature
of their gifts that aroused Plato’s sus-
picion and contempt. In his Gorgias he
tells us that the Sophists exhibit “a bold
and ready wit, which knows how to
manage mankind”; they are specialists in
“the art of flattery”—the art of persuad-
ing men by telling them what they want
to hear. This above all, Plato thought, is
what proved them not to be true philoso-
phers. I cannot recall that Plato ever de-
scribed the Sophists as “courtesans” (he
does call them “parasites™), but he might
well have done so.

Writers will have their metaphors;
perhaps we do wrong to take Randall’s
analogy seriously. Certainly The Career
of Philosophy is not a chronique scan-
daleuse, nor is it a guide to the success-
ful practice of intellectual prostitution.
It resembles a modern sexual-historical
novel only in being some 980 pages long.
If it is our object in life to make friends
and influence people, we shall not
achieve our objective by imitating the
philosophers to whose teachings Randall
draws our attention. Indeed, although
there certainly are, and always have
been, philosophers whose sole concern
is to tell men what they want to hear,
historians, including Randall, are silent
about their lives and works; they rapidly
fade into the obscurity they so richly
deserve.

Historians are not, however, silent
about Socrates, who described himself
as “that gadfly which God has given the
State, and all day long and in all places
is always fastening upon you, arousing
and persuading and reproaching you.”
A strange way to describe the function
of an ideal mistress who consorts with
men, comforts men, tells them what they
want to hear! If indeed Socrates, Gior-
dano Bruno, Spinoza, Hume and Ber-
trand Russell set out to tell men what
they want to hear, their manner of do-
ing so must have been singularly inept
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or their audiences discouragingly un-
grateful. Yet, implausible though it is,
Randall’s analogy expresses what are
certainly his main convictions: that phi-
losophy’s role is “feminine,” in the tradi-
tional sense of that adjective—to respond
svmpathetically rather than to create;
that it seeks to reconcile; that it can
succeed in that task only by telling men
what they want to hear.

If he had been less provocative, Ran-
dall might have compared the philoso-
pher with the statesman. If we pursue
that analogy, we shall come closer to
understanding what he is driving at and
why his history of modern philosophv
takes the somewhat strange form it does.
The specific tasks that confront the mod-
ern statesman, we should all agree, are
(quite different from the tasks that con-
fronted the medieval statesman, and the
specific suggestions a medieval states-
man might make—“arrange a dynastic
marriage,” for example—no longer have
any relevance to modern conditions.
Quite similarly, in Randall’s view, we are
not to look to a philosopher for “philo-
sophical truths” of permanent value. It
is not the philosopher’s job to advance
human knowledge; his task is rather to
make peace between the intellectual and
cultural forces of his time.

In what sense, then, does philosophyv
have any continuous history? If we can
recognize a man as being a statesman,
whether in ancient Greece or medieval
Europe or modern America, this is only
because statesmanlike techniques of ad-
justment can be applied in a variety of
conflict situations; and the statesman
makes use of perennially applicable con-
cepts—such concepts as war and peace,
alliance and pact, unification and parti-
tion, vital interest and security. A history
of statesmanship would be an account of
the way in which statesmen applied these
concepts and these techniques at differ-
ent stages in human history. Similarly, if
Randall is right, past and present philos-
ophers apply similar techniques of rec-
onciliation and work with persistent
reconciliatory concepts—concepts such
as, in Randall’s words, “the one and the
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many, permanence and change, the real
and the ideal, reason and experience,
form and matter, structure and process.”
A history of philosophy displays the phi-
losopher making use of these concepts
in ever changing social situations.

Some philosophers proceed, Randall
admits, as if it were their task to criticize
what their predecessors taught and to
solve the problems their predecessors
set. Randall believes, however, that the
problems philosophers have to solve are
set by society and not by other philoso-
phers, and that there are, and can be,
no philosophical refutations. From this
general conclusion he draws a moral for
the future: “If our scientific philosophies
are destined to be superseded by other
and more dogmatic views of nature and
society, it will not be because they have
been disproved, but because they have
been made irrelevant by our intense
need of social direction and military se-
curity, even at the sacrifice of the search-
ing mind and the critical temper.” Any
philosopher with an eye to the future,
it would seem, should be looking for a
way to persuade society that social di-
rection is what it really wants, and that
what is now entrusted to the searching
mind and the critical temper can safely
be left to military security.

This, then, is the conception of phi-
losophy that The Career of Philosophy
is designed to illustrate. Naturally it in-
volves Randall in historical innovations.
Against the traditional pattern of his-
tories of philosophy—which have ordi-
narily been composed on the assumption
that philosophy is a persistent attempt
to arrive at true conclusions—Randall
raises a threefold objection- Such a his-
tory of philosophy “contains a fixed set
of ﬁgmes they are indeed important,
but the list is far too narrow. It leaves
out some of the greatest names, men like
Galileo and Newton, Marx and Darwin,
without whose ideas there would have
been no philosophical thought at all.
And it leaves out practically all the his-
tory, all those great realms of ideas in
which the philosophers have worked, all
the social and intellectual conflicts that
drove them to philosophy.” Certainly
none of these charges could be brought
against Randall’s history. He describes
at considerable length the work of such
scientists as Copernicus, Kepler, Galileo,
Boyle and Newton; he has a good deal
to say about the general significance of
such broad historical movements as the
Reformation and the Renaissance; he
refers, particularly in his section on the
Renaissance, to a great many minor
writers of whom the ordinary educated
philosopher will scarcely have heard.
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All this is consistent with his general
conception of philosophy. If, as Randall
believes, “philosophy is the expression in
thought of cultural change itself,” then
in order to understand the philosophy
of any period we shall assuredly need
a detailed knowledge of the cultural
changes it “expresses,” and cultural
changes are usually reflected more ob-
viously in the work of minor writers than
of major ones.

I am myself quite sympathetically in-
clined toward Randall’s criticism of his
scholarly predecessors. I should certainly
agree with him that historians of philoso-
phy have had a strong tendency to
schematize rather than describe actual
historical connections. They have no-
ticed, for example, a certain kind of logi-
cal link between Locke, Berkeley and
Hume and they have at once, and wrong-
ly, concluded that Hume was a close
student of Berkeley. They have ignored
philosophers whose role in the trans-
mission of ideas was in fact very im-
portant. They have paid far too little
attention to the effects on philosophy of
intellectual and social change, and as a
result they have often failed to under-
stand what philosophers were trying to
do. They have not appreciated the sig-
nificance of Newton for Berkeley and
Hume, or realized how the change from
a society based on status to a society
based on contract affected British moral
philosophy. Philosophy is not an entirely
autonomous intellectual discipline, and
the attempt to treat it as such will in-
evitably falsify its history.

The same can be said—and a good
many historians of science have been
saying it—for the history of science.
Science draws ideas from philosophers
and techniques from technologists; so-
cial and economic changes present it
with problems, changes in government
policy with opportunities and resources.
Yet it is at the same time necessary to
insist that science draws ideas from
scientists, techniques from scientists,
problems from scientists, that it creates
opportunities and resources by its own
scientific work. Although science is
not autonomous, it is possible to write
an illuminating history of science that
treats it almost wholly as being autono-
mous, that refers beyond science to its
social and intellectual environment only
in a broad and general way. And there is
a danger, if background is treated in such
detail as to attenuate the distinction be-
tween background and foreground, that
the history of science will disappear into
an amorphous glue of “cultural history,”
with science’s internal chronology hope-
lessly confused, its nature as an interna-
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tional testing ground for ideas no longer
clearly apparent, its unique contribution
to human culture dissipated. Something
very similar, in my judgment, happens to
the history of philosophy in The Career
of Philosophy.

Chronology is regarded as unimpor-
tant. Adam Smith’s moral theory, for ex-
ample, is discussed before Hume’s, even
though Smith’s Theory of Moral Senti-
ments appeared in 1759, some 20 years
after the ethical section of Hume’s Trea-
tise of Human Nature, and even though
Smith’s work is partly a development
and partly a criticism of Hume’s. Leibniz
is mentioned only in passing, although
he died in 1716 and was both influenced
by and himself influenced a great many
of the philosophers to whom Randall
refers, some of whom did not die until
the middle of the 19th century. The
metaphysics of Hobbes is described after
the metaphysics of Ralph Cudworth,
which was in large part a criticism of
Hobbes. Admittedly it is hard to write
the history of philosophy: chronology and
convenience of grouping do not always
go hand in hand. Furthermore, Randall
has tried to cover ethics, politics, meta-
physics and epistemology in a single
volume, and this naturally intensifies the
difficulty of telling a continuous story.
But the fundamental fact is that the
chronology of philosophers scarcely mat-
ters to Randall; he is not interested
in philosophical argument or in con-
troversy but only in types of attitude.
Philosophy, as he sees it, is a series of
“episodes,” each originating separately
as a reflection of the social scene, not
growing out of preceding philosophical
episodes.

The distinction between philosopher
and sage is in Randall’s book practically
obliterated. That side of philosophy
which makes it a discipline—as science is
speculation controlled by experiment, so
philosophy is speculation controlled by
critical analysis—is scarcely displayed
in Randall’s history. The genelal reader
will certainly be confirmed in his beliet
that in philosophy “you can say what you
like” and that the “cracker-barrel phi-
losopher” is distinguishable from the
academic philosopher only in virtue of
the fact that he has preserved his ama-
teur status.

Proportions too are distorted in Ran-
dall’s history, and for much the same
reason. It would be foolish, of course, to
expect a historian of philosophy to allot
his pages in proportion to the importance
of the philosophers he is discussing. But
something has gone completely wrong
when Berkeley and Henry More are al-
lotted the same space—some 10 pages
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each compared with 44 for Hume’s
ethics. The explanation, of course, is that
Berkeley’s philosophy is through-and-
through argument. His conclusions can
be summed up rapidly, and only his
conclusions interest Randall.

Furthermore, Randall likes to pin a
philosopher into a fixed attitude, like an
exhibit in a museum; he is presented as
a good specimen of a particular point of
view. One is rarely left with any impres-
sion of those inner conflicts that issue in
points of stress and strain within a phi-
losopher’s theory—in ambiguity, fallacy,
inconsistency—and serve both as a warn-
ing and as an incentive to his successors.
Take the case of Descartes. For Randall
he is simply a specimen of a mathemati-
cal physicist. This approach could be a
useful corrective to those histories of
philosophy from which the reader would
scarcely gather that Descartes was a
mathematician. All the same, Descartes
was not simply a mathematical physicist.
He was also, for one thing, a biologist;
there is an important conflict between
his attitude toward experiment as a
mathematician and his attitude toward
experiment as a biologist. (When Ran-
dall talks about “science,” he almost al-
ways means physics. He barelv mentions
William Harvey, and he does not men-
tion John Ray at all, although the work
of both men was of considerable phil-
osophical importance.)

Then too, in the first edition of his
Meditations Descartes promised to
demonstrate the immortality of the soul;
later he took that back and was content
with claiming that he had demonstrated
“the real distinction” between mind and
body. But certainly his psvchophysical
dualism is not merely a product of his
phvsics, as Randall suggests; it is a com-
promise that is still attractive to reli-
gious-minded phvsiologists. ~ Further-
more, Descartes took his responsibilities
as a metaphysician seriously; that is pre-
cisely why—unlike A. S. Eddington and
James Jeans, with whom Randall absurd-
'ly compares him—he is of such per-
manent interest to philosophers. Any
beginner in philosophy can see what is
wrong with the arguments of Jeans and
Eddington; many philosophers have still
not seen what is wrong with Descartes’s
conception of consciousness.

If, on the other side, the Cartesian
dualism has failed to satisty most post-
Cartesian philosophers, this is not be-
cause they have been less conscious than
Descartes of the need for finding a place
for mind in the sort of world a mathe-
matical physicist describes, nor because,
in a good many cases, they have been
less anxious to demonstrate that the soul
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at least might be immortal. They believe
that there are sound philosophical rea-
sons for rejecting the Cartesian dualism;
the Cartesian dualism does not work, not
because it fails to comfort men but be-
cause it is for philosophical reasons un-
tenable. To make the history of modern
philosophy intelligible, I would theretore
suggest that the historian has to take
into account two distinct facts about
philosophers. The first—and this is what
lends substance to Randall’s conception
of philosophy—is that philosophers at-
tempt, among other things, to bring into
systematic interconnection what are or-
dinarily taken to be distinct modes of
understanding the world. (It does not
tollow that they end by reconciling the
claims of these modes of understanding;
often the philosopher has brought not
peace but a sword, rejecting the claims
of magic or theologv or deductive meta-
physics or causal analysis or common
sense to be a mode of undelstandmg )
As a result of this fact their problems
shift from time to time, as new modes of
understanding arise or as men modity
their claims for older modes—as thev
cease, for example, to think of poetry as
being a principal source of moral wis-
dom or of theology as being a demonstra-
tive science.

In Plato’s time, as in ours, there were
those who maintained that poetry or re-
ligion or science or mathematics or meta-
physics was the sole, or at least the major,
mode of understanding the world. So
far Plato’s problems are continuous with
the modern philosopher’s; but they are
discontinuous too in so far as neither
poetry nor 1'eligion nor science nor
mathematics nor metaphysics is now
what it once was, nor are the claims
made on their behalf quite the same.
Thus there are discontinuities in the his-
tory of philosophyv that the historian of
plnlosoplw can onlv explain as arising
out of intellectual Chang?es that are ex-
ternal to it. Obviouslv the collapse of
the Greek city, the rise of Christianity
and the emergence of the modern state
all have had important effects on the
history of philosophy. It is fatal for the
historian of philosophy to attempt to
describe these changes in detail (this is
part of my quarrel with Randall), but
he must certainly refer to them, although
not in such a way as to suggest that thev
are important for their own sake in the
story he is telling.

The philosopher is unusually sensitive
to certain tvpes of difficulty, difficulties
of a sort that it is natural to call “philo-
sophical.” Only bv reference to this sec-
ond fact can we understand why philos-
ophers so often reject compromises and
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reconciliations that to the man in the
street seem perfectly satistactory. This
sensitivity to intellectual difficulties
drives philosophers into considering
problems that are, from the point of view
of the man in the street, purely technical
—problems of logic, in the broad sense of
that word.

Such problems are in fact the main
daily concern of philosophers, much as
the daily concern of scientists is the
improvement and skillful management
of experimental techniques. Technical
problems, one can agree with Randall,
are neither the be-all nor the end-all nor,
historically speaking, the begin-all of
philosophy. But neither is experimenta-
tion the be-all or the end-all or the begin-
all of physics; it is nonetheless vital to it
and it serves to distinguish it from mere
guesswork. Many of the technical prob-
lems of philosophy are peculiarly diffi-
cult; we can see how difficult by reading
such Platonic dialogues as the Sophist
and the Theaetetus; many of the prob-
lems that Plato raises there we still do
not see how to solve. But now we know
at least that certain plausible-looking
solutions, including some that Plato can-
vasses, are totallv ineffective. Philoso-
phers have learned a great deal in the
tew hundred years during which philoso-
phy has flourished, but Randall’s readers
would scarcely realize that fact, or that
there is such a thing as
philosophy.

So far I have been considering what
seem to me the fundamental tendencies
in Randall’s approach to the history of
philosophy. They are not peculiar to
him; indeed, they have recently—partly
as a delayed effect of John Dewey’s
Reconstruction in Philosophy—come to
be extremely conspicuous in American
scholarship. Thev are, I believe, danger-
ous both to phllosophy and to the history
of philosophy, encouraging an empty
skepticism, hostility to rigorous argu-
ment, subservience to “social needs”; at
their worst they giverise to easy moraliz-
ing, hasty generalizations, even mere in-
tellectual chatter. Let me now, however,
explain why, in spite of all I have said, I
recommend the reading of Randall’s
book to anyone who is interested in in-
tellectual history. But he should read it
after he possesses, and not as a way of
obtaining, at least an outline of the his-
tory of philosophy.

Throughout Randall is clear, bold and
forthright. Even if one is often surprised
by what he says, at least there is never
any doubt about what he is saying. He
lms an eye for 1llummdt1ng (iuotatlons
and makes lavish use of them, particu-
larlv when he is talking about the lesser
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philosophers. Although he seldom refers
to other scholars (this is not a personal
complaint; he refers generously, as it
happens, to my own work, but not, for
example, to that of Harry A. Wolfson or
Arthur O. Lovejoy), he is fully aware of
the latest developments in scholarship.
His sketches of historical movements are
lively and informative. Even his ac-
counts of individual philosophers are
often far better than his general ap-
proach would lead one to expect. He
brings out very well indeed the in-
debtedness of modern philosophy to
medieval traditions, of what is generally
described as “Platonism” to Augustine,
of British empiricism to William of Ock-
ham. This is an excellent feature of his
book that I hope will be generally noted
and imitated.

His long acount of the Renaissance
illustrates Randall’s method at its best.
He admits that quite a few of the Renais-
sance thinkers he discusses can scarcely
be regarded as philosophers. They are
interesting not because they thought
critically and systematically but because
they formulated ideas—ideas as various
as the idea of a literary culture, the idea
of systematic scientific research, the idea
of a limited monarchy, the idea of a secu-
lar ethics—that are still importantly with
us. They are not worth studying for their
own sake; they do not, unlike Plato or
Aristotle or Spinoza or Hume or Kant,
reveal to us the nature of philosophical
problems or help us toward their solu-
tion; we do them justice only by reading
them in a social and intellectual context.
And this is exactly what Randall helps
us to do.

The section on the Renaissance is by
far the most scholarly section of Ran-
dall’s history; it incorporates his own im-
portant research on the naturalistic Aris-
totelianism of Padua and the origins of
modern concepts of scientific method,; it
effectively introduces the reader to re-
cent scholarly controversies about: the
relation between 14th- and 16th-century
scientific ideas. The scholarship is de-
tailed, as it is not in Randall’s account of
the great modern philosophers or the
French Enlightenment. In short, Randall
on the Renaissance is a contribution to
scholarship; Randall on 17th- and 18th-
century thought is an example of high-
level popularization. Such differences in
depth are perhaps inevitable in a book
that covers such a wide field.

It is not inevitable, however, that the
index should be so poor (there are many
references in the text that are not in the
index); it is not inevitable either that
there should be no bibliographies. These
are surely serious defects in a book that
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is bound to be used as both a reference
work and an introductory text.

Short Reviews

JANE’S FicaTinGg SHips, 1962-1963,
compiled and edited by Raymond V.
B. Blackman. McGraw-Hill Book Co.,
Inc. ($35). The 65th edition of Jane’s
has new data, many fresh photographs
and much information, most of it not cal-
culated to lift the irenic heart. Ghana has
enlarged its navy. France has two new
aircraft carriers and is building a cruiser
helicopter-carrier and three guided-mis-
sile frigates. Japan is building destroyers
armed with guided missiles. Great Brit-
ain, on the other hand, has scrapped all
but a few of its remaining warships, has
laid down no battleships, no aircraft car-
riers, no cruisers and no orthodox de-
stroyers of postwar design. The British
cannot afford the large ships, and they
have no great confidence that capital
ships—even aircraft carriers—are of any
value. The U.S., on the other hand, is in
the midst of a naval-construction boom.
We have completed the world’s first
nuclear-powered aircraft carrier, the first
nuclear-powered guided-missile carrier
and the first nuclear-powered frigate.
We have also completed a fleet of 26
nuclear-powered submarines. Thus we
have what Jané€’s calls “the most impos-
ing array of warships the world has ever
known in peacetime.” By 1967 the U.S.
expects to have a fleet of 81 nuclear-
powered submarines and to raise its
nuclear-ballistic-missile submarine fleet
to about 41 units. As for the U.S.S.R., its
major emphasis seems to be on sub-
marines of all kinds. The total number is
believed to have risen to about 465, com-
pared with 430 a year ago.

ANE'S ALL THE WORLD'S AIRCRAFT,
1962-1963, compiled and edited by
John W. R. Taylor. McGraw-Hill Book
Co., Inc. ($35). This Jane’s judges the
most important development in a year
“crowded with progress and excitement
in aviation and space” to be vertical take-
off without the use of rotating wings. In
the U.S. much effort is still being devoted
to tilt-wing and tilting-duct designs,
but almost all the European projects
use the Bristol-Siddeley vectored-thrust
(swivelingnozzle) or Rolls-Royce direct-
jet-lift principles. In this year’s annual,
coverage has been extended to such
items as sailplanes, air-cushion vehicles,
guided missiles, rockets, space vehicles
and piloted spaceships. For the first time
there is no section on airships because
lighter-than-air flight has almost disap-
peared. Still, the U.S. is building a three-
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hulled airship, and the Russians are said
to be studying the possibilities of large
lighter-than-air freighters. The North
American X-15 has exceeded its design
objectives of flight at 4,000 miles per
hour and an altitude of 50 miles; the
U.S.S.R. has its own craft, the E-166,
that hasset threemajor speed and height
records. Jane’s makes the point that the
development of supersonic airliners pro-
gressed in 1962 to the stage where such
craft could be put into service within
four or five years. In general, however,
“the airlines have made it clear that they
do not want such an aircraft until the
mid-"70’s at the earliest to give them an
opportunity to recoup the vast sums of
money spent on the present generation of
big jets.” The British and French govern-
ments now seem inclined to go forward
with the joint development of the Super-
Caravelle, a prototype of which “could
well be flying in 1965, with production
aircraft ready for service by 1968.” Apart
from airline economics there are other
problems—noise, increased air traffic
control difficulties, runway require-
ments—that make this a matter of “some
controversy.” But the U.S.S.R. seems to
have decided that supersonic airliners
are “worthwhile from the viewpoints of
both prestige and reduced journey time,”
and it is said that the Russians will have
in service by 1970 airliners capable of
speeds approaching Mach 2.

NEW PATTERNS IN GENETICS AND DE-

VELOPMENT, by C. H. Waddington.
Columbia University Press ($10). This
book by the Buchanan Professor of
Genetics at the University of Edinburgh
is based on the Jesup Lectures he gave at
Columbia University in the spring of
1961. Waddington’s main concern is
with two problems, one rather new and
one very old. The new problem is “the
impact of the recent great advances in
genetics on our understanding of the
development of multicellular organ-
isms.” The old problem is “the ancient
conundrum of morphogenesis—the ap-
pearance of organized structure within a
vast range of sizes from the cellular
organelle to the elephant.” Waddington
suggests that the enormous successes of
biochemistry have tended to dominate
present-day biology, leading to the neg-
lect of structures that are too large to
be handled by biochemical methods.
From the theoretical and the experimen-
tal point of view, including work done in
his own laboratory, Waddington ex-
amines the possibility of synthesizing
embryology and genetics so as to achieve
a better understanding of the complex
processes by which cells become differ-



A major step up the ladder of learning

Lirnst Mavr’s ¢
Animal =

= Species and =
E\ olution:

“A truly great work, which will remain a landmark in the biology of our age.”
—Theodosius H. Dobzhansky, Columbia University

“Indispensable for everyone interested in evolutionary biology, whether in its
genetic, taxonomic, ecological or phylogenetic aspect.” — Sir Julian Huxley

“Mayr’s treatise makes books on Evolution published just a few years ago
appear antiquated.” — Herman T. Spieth, University of California

Correlating the latest findings on the biology and population structure of ani-
mal species with those of population geneticists, the renowned zoologist presents
a comprehensive, step-by-step study ranging from a description of evolutionary
biology to a discussion of man as a biological species. Included in his detailed,
nonmathematical treatment: a section on the genetic aspects of the multiplica-
tion of species — a subject often neglected in evolutionary works.

816 pages. 65 figures. 43 tables. A Belknap Press Book. $11.95

Another side of evolution

ESSAY ON CLASSIFICATION by Louis Agassiz, edited by Edward Lurie. An epic of classical
pre-Darwinian natural history, clearly demonstrating the stature of the opposition Darwin’s
theories were to face in the United States. A John Harvard Library Book. $5.00

And other views of biological problems

THE RED CELL by John W. Harris. Thoroughly .analyzes the normal and abnormal red blood
cell, including detailed treatment of the pathophysiology of clinical disorders resulting from

changes in the production, metabolism, and destruction of the cell. A Commonwealth Fund Book.
$5.75

CASE DEVELOPMENT PROBLEMS IN HEMATOLOGY by John W. Harris and Daniel L.
Horrigan. Eight workbook problems tested for several years as a teaching supplement to The
Red Cell. A Commonwealth Fund Book. $3.25

NERVE CELLS AND INSECT BEHAVIOR by Kenneth Roeder. Describes in clear-cut terms

the relation of stimulus and behavior in the nervous systems of the moth, cockroach, and
praying mantis. Harvard Books in Biology, 4. $4.75

PLANT METABOLISM by Geoffrey Arthur Strafford. A straightforward presentation of the
latest findings in the field, including technical discussions invaluable to students and research
workers. $2.75

For complete listing of Harvard University Press books in the
biological sciences, write to Dept. SA

1913 ARVARD UNIVERSITY PRESS

1963 Cambridge 38, Massachusetts

183

© 1963 SCIENTIFIC AMERICAN, INC



New and important
studies from
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CIVILIAN NUCLEAR POWER:

Economic Issues and Policy Formation

By Pritie MurLLEnBAci. A former econ-
omist for the Atomic Energy Commis-
sion reviews America’s somewhat spotty
record in developing peacetime uses of
atomic energy and points out our un-
equaled opportunity to assert world
leadership in the field. $8.50

SHAPING THE WORLD ECONOMY:

Suggestions for an International
Economic Policy

By Jan TinserceN. How the West can
relieve economic tensions now existing
between Communist and non-Communist
systems, with positive recommendations
for the shaping of a truly international
economy, Paper, $2.25

STRATEGY AND ARMS CONTROL

By Tiomas C. ScHELLING AND MoRTON
H. HavLrerIN. A penetrating and closely
reasoned analysis of arms control in a
nuclear age. Cloth, $2.50; paper, §1.25

ARMS REDUCTION:

Program and Issues

Edited by Davip H. FriscH. Fourteen
papers analysing possible programs and
timetables for arms reduction.

Paper, $1.25

JOURNEYS TOWARD PROGRESS:

Studies of Economic Policy-Making

in Latin America

By AvrBert O. HirscHMAN. A cogent and
illuminating analysis of three protracted
and recurring difficulties in Latin Amer-
ica: inflation in Chile, underutilization
of land in Colombia, and droughts in
Brazil. $4.00

LATIN AMERICAN ISSUES

Edited by Ariert O. Hirscuman. Spe-
cialists from South and North America
discuss some of the principal economic
problems in Latin America. Paper, $1.45

Coming soon:

NORTH ATLANTIC POLICY —
THE AGRICULTURAL GAP

By Joun O. Corpock. An analysis of the
chaotic situation which national protec-
tionist farm policies have produced on
both sides of the Atlantic and sugges-
tions for policy changes.

Cloth, $4.00; paper, $2.25

All books available through your book-
seller or from
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entiated and large biological organiza-
tions are formed. The specialist will find
this a stimulating excursion, and even
the general reader interested in biology
will have much here that he can under-
stand. Photographs and diagrams.

'I‘uy Lire oF VERTEBRATES, by . Z.

Young. Oxford University Press
($10). A second, revised edition of a
well-known survey of the anatomy and
physiology of the vertebrates. It includes
a description of the whole system of life
by which the animals are maintained.
Young has incorporated as much as pos-
sible of fresh work done since publication
of the original edition in 1950. Many il-
lustrations.

rI*HE ScoprE OF PSYCHOANALYSIS: SkE-
LECTED PAPERS OF FRANZ ALEXAN-
DER, 1921-1961. Basic Books, Inc.
($12.50). A selection of papers by a
prominent psychoanalyst who has in-
terested himself not only in the develop-
ment of the theory and its clinical aspects
but also in the bearings of psychoanalysis
on sociology, politics, aesthetics, philoso-
phy and literature. Alexander has stuck
closer to Freud than many of his con-
temporaries, but he is not rigid in his
outlook and has recognized the contribu-
tions of others to the broadening ot the
angle of vision of psychoanalysis.

DICTIONARY ofF Ecyprtiax CiviLiza-

TION, edited by George Posener.
Tudor Publishing Co. ($7.95). A trans-
lation from the French of a systematic
and illustrated record of 3,500 years of
Egyptian history, from the earliest pre-
historic time to the Roman conquests.
The articles, written by authorities from
all over the world, deal with every phase
of Egyptian civilization, and many of
them are gems. There are 145 illustra-
tions in color and 170 in black and
white. A most attractive book.

gTUDIES N GeENETICS: THE SELECTED
L) PapErs oF H. J. MuLLER. Indiana
University Press ($10). There has been
collected in this volume, a tribute to
Muller on his 70th birthday, a selec-
tion of his writings on genetics and re-
lated subjects. Muller was asked to make
the selection himself and has included a
larger proportion of his earlier writings
than of his later ones, since the former
are less known and less available to
readers. He has also given preference, as
he points out in his introduction, to the
writings in which there was earlier men-
tion of given principles, rather than to
papers that consisted mainly of restate-
ments. Joshua Lederberg, who describes
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the collection in a foreword as “a special
benefice,” observes that “it is not easy to
find an original thought in biological
theory that has not, in some way, been
anticipated here—whether the topic be
the ultramicroscopic gene, the fate of
mankind on earth or the cosmic origins
of life.”

ENCYCLOPAEDIC DicTiONARY OF PHYS-

1cs, VoLumes I To VII, edited by
J. Thewlis and others. The Macmillan
Co. ($298 the set). Except for an index
and glossary still to come, these volumes
complete thisencyclopedic survey, which
was described in this department some
months ago. It is beyond the scope of a
brief notice—or perhaps even of a much
longer review—to attempt an assessment
of an undertaking of such magnitude.
Certain features, however, should be
mentioned. Hundreds of leading special-
ists in the U.S. and Great Britain have
contributed several thousand articles,
some of whichrun to 2,000 words, cover-
ing the entire field of pure and applied
physics trom acoustics to X rays. The
physical product itself achieves a high
standard: excellent typography, cleanly
executed illustrations, good paper and
binding. Almost every article that is
more than a mere definition has its own
bibliography. Evidently this is a work
that all scientific and technical libraries
must acquire and that the practicing
physicist who can afford it will want to
have.

r1“01>Ics IN CHEMICAL PHYsICS, BASED
ON THE HARVARD LECTURES OF
PeTER |. W. DEBYE, by Alfred Prock and
Gladys McConkey. American Elsevier
Publishing Co., Inc. ($11). A few years
ago Debye gave a series of lectures
in chemistry and physics for students
at Harvard University. This volume is
based on these lectures, which discuss
such topics as the fundamental laws of
the static electric field, the basic con-
cepts of statistical mechanics and the ap-
plication of X rays and light-scattering
techniques to the study of particle size
and shape.

DICTIONARY OF AGRICULTURAL AND

ALLIED TErRMINOLOGY, edited by
John N. Winburne. Michigan State Uni-
lversity Press ($15). One of the major
difficulties in compiling this work was in
deciding what words and phrases prop-
erly belong to the language of agricul-
ture. Over the centuries since men began
to raise crops and domesticate animals
the language describing these activities
has grown, has become more technical
and has borrowed from and intertwined



No one is permanently educated—knowledge obsolescence is a hard
fact of 20th century life. The individual who was considered well edu-
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course has undergone rigorous classroom and industry testing.

The First New Approach To Learning At Home In 50 Years

18 new Britannica courses now available

FOURTEEN PROGRAMMED MATHEMATICS COURSES

(taught by the unique step-by-step ‘‘teaching machine’’
method as used in schools throughout the nation)

The second ‘“language’” of modern man is mathematics. Without a
basic understanding of its fundamentals, no one can communicate
with—far less understand—the shape of today’s automated, statistic-
filled computer world of industry and science. For the first time out-
side of a school system, here is a complete series of secondary and
a major portion of university mathematics in Britannica's exclusive
programmed method:

Basic Mathematics ¢« Whole Numbers and Numerals -
— Algebra | + Algebra Il + Plane Geometry ¢ Solid Geometry
. + The Language of Algebra + Trigonometry « Analytic Trig-
onometry ¢ Introductory Calculus | & Il < Management
Decision Making * Verbal Problems * Introduction To Sets,
Inequalities And Functions < Descriptive Statistics.

FOUR ‘“HOW TO COMMUNICATE" COURSES

Writing is for Readers: A language skills course stressing expository
writing. A must for the college-bound student, a rewarding course for
anyone who writes.

Communication in Business and Industry: A course that deals with
the No. 1 problem from assembly line orders to the president’'s
report—how to communicate clearly and concisely.

”

“The Listener”

Technical Writing: I Introductory: Il. Advanced: The case approach to
by John Fifles

writing for a multi-billion dollar space-age industry—an industry cry-
ing for trained writers. Simplifies a normally difficult subject.

ANNOUNCING
FOR THE SERIOUS WRITER OF FICTION

By Exclusive Arrangement, A Program in Fiction with The World-
Famous University of lowa Writers’ Workshop.

Gentlemen: Please send me additional information on the courses checked.
| understand that this obligates me in no way and these courses are sold
only through the mail.

[0 Mathematics O Writing Is For Readers
: : W [J Management Decision Making [J Communication In Business And Industry
Brltannlca (&/ SChOOlS [ Descriptive Statistics [J Technical Writing | and Il

A Division of Encyclopaedia Britannica Press, Inc. O University of lowa Fiction Writing Program

14 EAST JACKSON BOULEVARD e CHICAGO 4, ILL. | NAME AGE

OCCUPATION

ADDRESS

CITY B ZONE STATE SA-53
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"Programmed, in cooperation with Miss Trygg,
Teacher, and Mrs. Hallett, Principal, of the
Burnet Hill School, Livingston, New Jersey.

@GE N E RAL KEARFOTT DIVISION
GPL DIVISION
SYSTEMS DIVISION
RESEARCH CENTER
An Equal Opportunity Employer

PRECISION
AEROSPACE

GENERAL PRECISION, INC.

PHOENIX
GOODYEAR AIRCRAFT

(Arizona Division)
Offers career opportunities that will chal-
lenge your talent in the technical areas
listed below.

RADAR SYSTEMS

Provide systems concepts and conduct
analysis and experimental systems work.

CIRCUIT DESIGN & DEV.
Radar circuits, IF, video, pulse circuitry,

D.C. amplifiers, CRT, ground range,
sweep circuits, networks.
OPTICS

Design of optical systems used in advanced
coherent radar, design of special lenses,
new systems concepts, Fiber optics.

MICROWAVE
Research, original investigations in micro-
wave circuits and devices, design and de-
velop microwave amplifiers, modulators,
oscillators, parametric amplifiers and an-
tennae design.

SERVO

Design & development of antenna stabili-
zation, positioning servos and navigation-
al systems.

PHYSICISTS
To perform analytical work on wave prop-
agation high resolution radar, stabilization
systems, etc.

Request Application or Send Resume to:
M. J. McColgan

Engineering Personnel

Goodyear Aircraft Corporation
Litchfield Park, Arizona

An equal opportunity employer

Similar positions at Goodyear Aircraft
Corporation, Akron, Ohio.
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‘We have our own
ideas about Venus’
...and so have imaginative
members of a 4th grade
class. As you can see, their
reactions to a chat* with
General Precision/Aero-

space engineers are more
provocative than factual.

Of course we have our own
ideas about Venus, too.
Based on our Research Cen-
ter's findings in studies
relating to guidance and con-
trol systems of upper atmos-
phere and space vehicles,
they cover the entire breadth
of aerospace technology.

One current program in-
volves incorporating this
technical knowledge into a
workable stellar-inertial guid-
ance system for MMRBM
(Mobile Mid-Range Ballistic
Missile). In fact, we are one
of the three companies in
the country with full in-house
capability for systems de-
sign, development and man-
agement of these systems.

You are invited to inquire
about openings in any of
these advanced areas of
study; astrophysics and
celestial mechanics, solid
state physics, electronics,
optics and infrared, guid-
ance navigation and adap-
tive controls. If qualified in
these —or related —fields
please write in confidence to:

Mr. Paul Kull, Dept. 19E
General Precision Aerospace
Little Falls, N. J.

Design and the American Image Abroad

International Design Conference in Aspen
June 24-28,1963

An appraisal of U.S. international communications via
motion pictures, television, exhibits and visual journal-
ism. The International Design Conference in Aspen,
Colorado, is an annual meeting of people in business,
science, industry and education who share a common
interest in design. It is open to all. Registration fee of $75
increases to $85after June 1. A membership fee of $10
provides those unable to attend with a copy of the
conference papers. Send remittance or write for more
information to Ben Yoshioka, 1301 West 35th Street,
Chicago, Illinois.
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with the jargon of many disciplines from
economics to veterinary medicine. That
is not all; one must also include in a well-
balanced agricultural dictionary ex-
amples from the speech of the practi-
tioner: the dirt tarmer, the sheep farmer,
the rancher, the implement manufac-
turer, the pesticide salesman, the fungi-
cide distributor, the poultry distributor,
the feedlot buyer. Hence in the prepara-
tion of this useful volume many experts
had to be consulted, many compromises
had to be made, many limits imposed.
Omissions will be noted, and specialists
will complain: It this word, why not that
one? Nevertheless, the final product will
be welcomed not only by those interested
or involved in agriculture but also by
lovers of that huge, shapeless, marvel-
ously supple and receptive organism, the
English language. Here one can learn
the meaning of such terms as easy hitch,
hard pinch, hardware disease (when
cattle and other ruminants decide to eat
nails and baling wire ), scorched neutral-
izer, school lunch program, mistletoe
hook, thrips, single-rod agitator, red
baneberry, peanut peg rot, Dow-Law
planter, lambkill kalmia (an evergreen
shrub that gives sheep indigestion),
superheated milk, regal lily, Regels
threewingnut, valorization, parsnip web-
worm, bog rider (a cowboy who rescues
cows stuck in bogs), centrifugal cream
separator, dogtrot, virgin dip, shin share
(part of a plow), potato wart, omnivor-
ous looper (an insect whose larvae
munch on avocado trees), near-wilt of
pea (afungus disease of the pea), lodge-
pole needle miner (a moth whose larvae
mine the needles of the lodgepole pine),
Kharsgoard (a hard, skimmed-cow’s-
milk cheese made in Denmark), dieback,
Embden groats, emasculatome (an in-
strument used for castration and for
docking the tails of lambs), mule skinner,
strip farming, smear 62 (a specific for
the screwworm), ruffle fat, rabi (not
the eminent physicist but crops sown
in India in October and November),
pokkah-bong (a fungus disease of sugar
cane), optimal light income, orange flea-
bane, love-in-a-puff (the heartseed, or
baloonvine), catclaw apes-earring, cat-
tle-biting louse, rotary hog feeder, queen
excluder, xenia, yabbie (a destructive
fresh-water crayfish), yokel, zymurgy,
Aaron’s-beard, deathcup amanita, epi-
lepsy and Epsom salts.

OBSERVATION AND INTERPRETATION IN

THE PHILOSOPHY OF PHysics: WITH
SPECIAL REFERENCE TO QUANTUM ME-
cHANICcs, edited by S. Kérner in collabo-
ration with M. H. L. Pryce. Dover Pub-
lications, Inc. ($1.60). A paper-backed



Science
Today

— What has it told man
about himself?

—How has it affected
the world he lives in?

HEREDITY AND
HUMAN LIFE

by Hampton L. Carson

Latest scientific facts on man’s ori-
gin, evolution, and heritage, and
the implications they have on his
future, in one highly readable vol-
ume. The author emphasizes the
importance of these facts in estab-
lishing not only the bases for the
uniqueness of the individual, but
for human brotherhood as well. “A

most interestingly and illumina-

tingly written book.”— ASHLEY
MONTAGU. “A marvelously up-to-
date manual of what’s new and
what’s to come in biology and
genetics.”—VIRGINIA KIRKUS
Hlus.  $5.00
LITTLE SCIENCE
BIG SCIENCE

by Derek J. de Solla Price

The transition from the science of
the one-man laboratory to that of
today’smulti-million dollar research
centers has been accomplished in a
period of less than 30 years. This
extraordinary growth has pro-
foundly affected not only the scien-
tist, in terms of his communication
and work, but our very national
posture. This book discusses the
impact of big science on our age,
and analyzes the problems and
potentials which arise from it. A
book that “will be much quoted by
those concerned with the growth of
scientific endeavors in the United
States.”—Library Journal

Illus.

+
Gl coLumBia
UNIVERSITY PRESS
2960 Broadway, New York 27, N. Y.

$4.50

reprint of the proceedings of the Ninth

Symposium of the Colston Research So- I
ciety, held at the University of Bristol in ‘

1957. It is gratifying to have an inex-
| pensive edition of this unusually interest-
| ing symposium, reviewed in these col-
umns some four years ago, but it is fair
to sound a warning that economy has
been achieved at the cost of a type size
so unpleasantly small that for older
readers the problems of presbyopia are
apt to take precedence over those of the
philosophy of physics.

|
rI1 HE DoMESDAY GEOGRAPHY OF SOUTH-

EasT Excraxp, edited by H. C.
Darby and E. M. J. Campbell. Cam-
bridge University Press ($22.50). Al-
though the Domesday Book is recog-
nized as being a unique source of
information about legal and economic
matters, its “bearing upon the recon-
struction of the geography of England
during the early Middle Ages has re-
mained comparatively neglected.” This
book, the third of a series (the complete
work will have six volumes) covering
the whole of Domesday England, con-
sists of contributions by various experts
on different districts. The details ex-
tracted with scholarly skill and devotion
from the Domesday folios make it pos-
sible not only to reconstruct the English
landscape of the time, to learn of its
political subdivisions, its plow teams and
so on, but also to gain a deeper under-
standing of the economic life of the
country. Many maps and tables.

rrHE CRESCENT  DICTIONARY OF

MaTaEMAaTICS, by William Karush.
The Macmillan Co. ($6.50). More than
1,400 entries deal with a wide range of
mathematical material from arithmetic
and elementary algebra to number
theory, calculus, probability, topology,
logic, foundations and information
theory. Most of the definitions and ex-
planations are accessible to readers who
have had mathematical training up to
the intermediate level, but some require
a more sophisticated eye.

\\ DL TeEN-YEAR CycLE, bv

Lloyd B. Keith. The University of
Wisconsin Press ($6). It is known that
there are wildlife cycles, some with a
span of three or four years and some with
nine or 10. The populations of lemmings,
mice and other small rodents are said to
follow the shorter cycle; those of snow-
shoe hares and muskrats, the longer one.
This book rounds up information from
U.S. and Canadian sources that bears on
the long cvcle. None of the hvpotheses
that have been offered to explain it—
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five new paperbacks
for the layman

TRACKING DOWN
PARTICLES
R. D. Hill

ﬂn account of the search for ele-
L mentary particles, the basic units
of matter. In clear, nonmathematical
language describes how, and by whom,
the 32 known particles were discovered.
The author’s article on Resonance Par-
ticles appeared in the pages of this maga-
zine. Paper, $2.95%, Cloth, $4.95

THE SHAPE OF
CARBON COMPOUNDS

Werner Herz

’fo‘T o understand the structure of

organic compounds is to understand
their chemistry. Accordingly, the author
discusses organic reactions in terms of the
making and breaking of single, double,
and triple bonds. Paper, $1.95%, Cloth,
$3.95

HOW CHEMICAL
REACTIONS OCCUR
Edward L. King

FII™ his essay on the dynamics of chem-

ical change includes a discussion
of reaction rates, reaction kinetics, chem-
ical equilibrium, very fast reactions, and
catalysis. Paper, $1.95%, Cloth, $3.95

ELEMENTARY
CHEMICAL
THERMODYNAMICS
Bruce H. Mahan

TN D resents the three laws of thermo-
_.[E/‘ynumics as practical tools for
understanding chemistry. The chapter on
the second and third laws includes an ex-
planation of the statistical aspects of

entropy. Paper, $1.95%, Cloth, $3.95

THE STRUCTURES
OF MOLECULES

Gordon M. Barrow

mn introduction to the research tech-
Jl:niques of molecular spectroscopy,
which enable investigators to deduce the
properties of a molecule and the struc-
ture of its electron cloud by analyzing
spectral lines. Paper, $1.95%, Cloth, $3.95

W. A. BENJAMIN, INC.

Paperbound edition will be sold only through bookstores.
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May we tell you about the first wholly satisfac-
tory camera body for use with Questar? It is a
special Questar-modified Nikon F, obtainable
only from us.

The problem of taking high resolution pic-
tures through the superfine high-power Questar
telescope on 35-mm. film can be reduced to
three principal factors: lack of vibration, sharp
focus, and correctly thin negatives. The last
critical factor, exposure time, can now be meas-
ured at the image itself with a CdS lightmeter at
Questar’s 40x eyepiece.

Vibration during exposure is our chief enemy.
Images of perfect optics are formed by an infinite
number of overlapping perfect diffraction
images. The tiny round dot of Questar’s diffrac-
tion image, the Airy disk, is only about .0002
inch across. When a reflex mirror slams up a
fraction of a second before the roller-blind cur-
tain slit sweeps across the film, a vibration is
usually set up of some .001 inch amplitude.
Pictures taken before these oscillations are
damped out give a fuzzy picture when enlarged.
Standard Nikon F bodies can lock the mirror
up, allowing the featherweight ball-bearing
titanium foil focal plane shutter to work alone
with a visible shock of only the dot’s width,
most of which is post facto effect, after exposure.
This gives us negatives so sharp we could not
tell them from those taken by waving a black
card. But being blind between exposures is most
annoying. The arrow points to the Questar
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modification, a tiny button which releases the
mirror any time after you have checked every-
thing and are ready to expose. Price of Questar-
modified standard Nikon F body, as shown, is
$259.60 with bakelite cap. (We regret that we
cannot have your own Nikon body modified.)
Cable release, $3.95. Photomic finder, $99.50.
50-mm. f/2 Auto-Nikkor Lens, $90.00. Auto-
Nikkor f/1.4 50-mm. Lens, $155.00.

Sharp focus has always been a problem with
long-focus telescopes. With camera close-
coupled, Questar works at f/16 at 56 inches.
With 2-inch extension tubes to reduce vignet-
ting, f/18 at 64 inches. These focal ratios give
such dim views that the image is hard to see.
The standard split-prism rangefinder works
only with fast, low f numbers. But Nikon’s
Type C interchangeable groundglass, with clear
center and hairline cross, at $17.50, gives bril-
liant images with a mark to keep the eye from
accommodating in front or behind the focal
plane. At right is the waist level finder, $22.50,
which permits best view of the Type C cross
with eye up close to its lens.

The new cadmium sulphide light meters, with
their small openings, have been used by Questar
owners to apply directly to visual eyepiece or
camera views of the image, to get an actual
reading of what the image unit brightness is re-
gardless of magnification of all nature’s vari-
ables. We have little data on this at present.
Recalibration is necessary, but we hear it is
simple. At long last we can completely ignore
the variables of nature, due to
geographical location, sun’s inten-
sity, water vapor, time of year and
day—all the guesswork which
makes exposure tables impossible.
The able photographer may locate
the subject with Questar’s 40-80x
eyepiece, then pop the CdS cell
over exit pupil of ocular and take
a reading to determine speed.

At upper left is a new, more
compact ring adapter, $10.00, to
secure Nikon F bodies to Questar’s
$23.50 basic camera coupling
outfit, a multi-purpose device
described in detail on page 26 of
the Questar booklet. Questars still
cost only $995, or $1100 with
quartz mirror for best thermal
stability. Each is a gem of super-
fine optics, whose sharpness might
eventually be equalled, but can
never be surpassed.

QUESTAR

BOX 20 NEW HOPE, PENNSYLVANIA
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climatic change, overpopulation and the
like—is wholly satisfactory and “only
through a concerted research effort is
the true explanation for this cycle likely
to be found.”

HE Horizon Book orF Lost WORLDSs,

by the editors of Horizon. American
Heritage Publishing Co., Inc.; distrib-
uted by Doubleday & Co., Inc. ($17.95).
A splendidly illustrated survey of nine of
the most notable civilizations of the past,
which have vanished and been rescued
from oblivion by archaeologists and
other students. Accompanying the illus-
trations, some of which are magnificent, is
an agreeable and enlightening narrative
by Leonard Cottrell that traces the story
of the Egyptians, the Mesopotamians,
the Indus Valley people, the Minoans of
Crete, the Mycenaeans, the people of
Anatolia, the Etruscans, the Khmers, the
Mayas. Time the great destroyer, Her-
bert Muller observed, is also the great
preserver; this volume brings to our
notice “the immense accumulation of
products, skills, styles, customs, institu-
tions and ideas that make the man on
the American street indebted to all the
peoples of history, including some who
never saw a street.”

E SciENCE CONTEMPORAINE. VOLUME

I: LE XIX¢ SiecLE, edited by René
Taton. Presses Universitaires de France.
This is Volume III, Part 1, of Taton’s
General History of the Sciences, the
first two volumes of which have been
reviewed in this department. A distin-
guished group of contributors from many
different countries covers various aspects
of this most fruitful of scientific cen-
turies. There are also separate chapters
on scientific progress in Europe, the
U.S., the Mohammedan countries and
Asia. A feature is the excellent illustra-
tions including photographs and repro-
ductions of old drawings and engrav-
ings. There is a bibliography and a
comprehensive index. A last volume
covering the 20th century is promised;
it will conclude this invaluable survey.

Notes

X-Ray Orrics, by A. . C. Wilson.
John Wiley & Sons, Inc. ($4.50). The
second edition of this monograph has
been revised to incorporate fundamental
advances of the past 15 vears to cover
the diffraction of X rays by finite and
imperfect crystals.

Tue UpaNisaps, translated by F. Max
Miiller. Dover Publications, Inc. ($4).
This two-volume paperback contains



Miiller’s well-known translation of the
classical upanishads, the great mystical
and philosophical treatises of India,

which first appeared in his collection |

Sacred Books of the East.

THE Kiowas, by Mildred P. Mayhall.
University of Oklahoma Press ($5.95).
A history of the Kiowa Indians, de-
scribed as once being, along with the
Cheyennes, “the most feared and hated
of the Plains Indian tribes.”

BARLEY aND MaLT, edited by A. H.
Cook. Academic Press ($21). The con-
tributors to this volume are concerned
with the biology, biochemistry and tech-
nology of one of the world’s major crops.

A History oF THE MATHEMATICAL
THEORIES OF ATTRACTION AND THE FIG-
URE OF THE EarTH, by I. Todhunter.
Dover Publishers, Inc. ($7.50). A
standard 19th-century history that cov-
ers the theoretical speculations of mathe-
maticians from the time of Newton to
that of Laplace regarding the question
of the shape of the earth and the earth’s
gravitational pull.

KarrL Marx, by Franz Mehring. Ann
Arbor Paperbacks ($2.95). A soft-cover
reissue of the best biography of Marx,
which relates not only the details of his
life but also the nature of his system of
ideas.

Power 1N NEW ZgaLaxp, by Bryan
H. Farrell. A. H. & A. W. Reed (42 shil-
lings sixpence). A history of power usage
and a geography of energy resources in
New Zealand, the main aspects of which
are coal, hydroelectricity, geothermal
steam, petroleum and natural gas.

TRANSFORMATIONS OF SURFACES, by
Luther Pfahler Eisenhart. Chelsea Pub-
lishing Company ($4.95). A reissue,
with corrections of a number of errata in
the first edition (published in 1923), of
a standard monograph on certain aspects
of the differential geometry of surfaces.

GreaTt BritaiNn: GeocrapHICAL Es-
says, edited by Jean Mitchell. Cam-
bridge University Press ($7.50). A vol-
ume of essays planned to cover the
geography of Great Britain regionally,
each chapter written by a geographer
who has made a special study of the re-
gion concerned.

ASYMPTOTIC  APPROXIMATIONS, by
Harold Jeftrevs. Oxtord University Press
(84.80). A general introduction to the
theory and use of usympt()tiC npproximu-

LS

CLIMATE ... is many things

AT THE NAVAL LABORATORIES IN CALIFORNIA

For instance, there’s natural climate, the weather kind. A variety of
this type exists at the Naval Laboratories, scattered as they are from
San Diego (NEL-NPRA) on the south, with its cool, year-around
beach living, extending north along the coast to Port Hueneme
(NCEL) and Point Mugu (PMR-NMC), culminating in cosmopoli-
tan San Francisco (NRDL), with its bridges, sunshine and fog. Or
turning east, there is the equable clime of Pasadena, the exhilarating
desert environment of China Lake (NOTS), or further south, the
warm-dry healthfulness of Corona (NOLC).

The academic, scientific and cultural climates offered by the lab-
oratories are equally unusual. Regardless of location, each laboratory
affords its staff the academic climate necessary to mature profession-
ally through government-supported undergraduate or graduate uni-
versity courses. Scholarships are also available. In the area of science,
each laboratory offers the kind of climate which encourages creative
action, research and inquiry, on an individual basis, or in conjunction
with talented associates.

Cultural climate, of course, is dependent to a pronounced extent
upon physical location. A diversity of cultures is, therefore, available
at the laboratories, ranging from the quiet sequestered order of a
small town, to the more volatile living of a great metropolis.

Whatever your choice . . . professionally, physiologically or psy-
chologically, you’ll probably find the Naval Laboratories in Cali-
fornia offer the kind of climate that fits your taste. Qualified scientists,
engineers, and technicians interested in exploring employment oppor-
tunities at any of the laboratories listed below are invited to contact
the Personnel Director, Dept. A, at the facility of their choice.

acific Missile Range (PMR) and U. S. Missile Center (NMC), Point Mugu
S. Naval Ordnance Test Station (NOTS), China Lake and Pasadena

S. Navy Electronics Lahoratory (NEL), San Diego

S. Naval Civil Engineering Lahoratory (NCEL), Port Hueneme

S. Naval Radiological Defense Laboratory (NRDL), San Francisco

S. Naval Ordnance Lahoratory (NOLC), Corona
S. Naval Personnel Research Activity (NPRA), San Diego

P
u.
u.
u.
u.
u.
u.

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

U. S. NAVAL LABORATORIES IN CALIFORNIA
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SYSTEMS
PROBLEMS

REALLY
COMPLEX?

Systems Engineering Co-
ordination is the science of
objective control of the mix
of scientific disciplines and
of their products that go
into today's highly complex
technological systems. Does
that sound like Greek? No
wonder! SEC is as complex
as the problems it solves,
yet the approach is not. For
example, Vitro Laboratories,
the SEC prime on the Polaris
FBM system, has a team of
500 technical men of every
discipline who have worked
intimately with the nearly
300 prime contractors on
this outstanding project.
Vitro's team gives the Navy
effective control of all tech-
nological aspects of the sys-
tem, starting with the basic
concepts and progressing
through design, fabrication
and check-out to final oper-
ation and support, including
training.

Vitro is the pioneer in this
science of intersubsystem
compatibility. We have a
brochure on SEC that is
written in plain English. Find
out today how Vitro special-
ists have been able to cut
costs and increase efficiency
on important government
and industrial assignments.

r
i1fro
CORPORATION
OF AMERICA

261 MADISON AVENUE
NEW YORK, NEW YORK

tions, a subject in which notable ad-
vances have been made in the past few
decades.

CAROLINGIAN PORTRAITS: A STUDY IN
THE NINTH CENTURY, by Eleanor
Shipley Duckett. The University of
Michigan Press ($5.95). Scholarly and
readable essays on several outstanding
figures of the ninth century whose lives
were intertwined with the rise and fall of
Charlemagne’s empire.

FREUD AND THE PosT-FREUDIANS, by
J. A. C. Brown. Penguin Books, Inc. (95
cents). This original paperback explains
the basic concepts of psychoanalytic
theory and gives a short account of the
40-odd years of Freud’s own work, of
that of his contemporaries and imme-
diate followers, and a synoptic view of
the variations and deviations of others
who have been influenced by him.

VOLCANOES AND THEIR ACTIVITY, by
A. Rittmann. Interscience Division, John
Wiley & Sons, Inc. ($11.95). An English
translation of the second edition of a
German monograph on volcanology. It
contains much descriptive information
about volcanic phenomena and argu-
ments on behalf of Rittmann’s own
theories about the theories and processes
of volcanism.

Reason anp Coxpuct, by Henry
David Aiken. Alfred A. Knopf, Inc.
($6.75). A collection of essays on moral
philosophy by a Harvard teacher. Some
are (quite technical; others are long book
reviews that evaluate representative
schools of thought during the past sev-
eral decades.

THE ANTECEDENTS OF MaN, by W. E.
Le Gros Clark. Harper Torchbooks
($1.95). A fine introduction to the
evolution of the primates by a foremost
British student of the subject.

CiviLIZATION AND Diseasg, by Henry
E. Sigerist. The University of Chicago
Press ($1.95). A paperback, in the
Phoenix Books series, of the late Henry
Sigerist’s Messenger Lectures at Cor-
nell University in 1940, dealing with the
profound and varied influence of disease
on every aspect of civilization.

NoTEs o~ QuaNTUrt MECHANICS, by
Enrico Fermi. The University of Chi-
cago Press ($1.50). A soft-cover edition
of a volume published in 1961, contain-
ing Fermi’s own notes on a course in
quantum mechanics at the University

| ot Chicago.
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Among the many ways in which members of the Los Alamos
Scientific Laboratory staff promote science education and stimu-
late interest in scientific careers among talented young people are
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B Offering advice to students at high school Career Days.

# Serving as sponsors and judges at Science Fairs.

B Providing classroom teaching materials.

B Conducting an extensive summer graduate studentwork program.
# Participating in the annual Edison Day observance.

Career minded scientists interested in employment at Los Alamos
Scientific Laboratory are invited to send resumes to: Director of
Personnel Division 63-50

—

-

los#

alamos

scientific laboratory

OF THE UNIVERSITY OF CALIFORNIA
L+ LOS ALAMOS, NEW MEXICO

All qualified will receive i ion for ! without
regord to race, creed, color, or national origin. U.S. citizenship required.
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What'’s
important
in
this
picture? /

Some really important parts of this picture don’t show. They are the
technical papers inside the brief cases of these Cornell Aeronautical Lab-
oratory staff members — papers ready for presentation at last January’s
IAS meeting in New York.

CAL men were selected to present five papers* at this national aero-
space conference, an indication of the caliber of the Laboratory’s research
programs and the staff’s active participation in technical societies.

The vigorous climate of applied research at Cornell Aeronautical
Laboratory — coupled with ample opportunities for internally sponsored
research, a unique educational advancement program, and active partici-
pation in professional societies — has produced the wide range of compe-
tence in applied mechanics and hypersonic aerodynamic research reported
in the IAS papers. The Laboratory also has similar far-reaching programs
in computer science, flight research, vehicle dynamics, life sciences and
systems research. If your capabilities qualify you to be a part of this
picture, send the coupon. You'll receive an interesting briefing on this
community of science.

Some positions are available at our Washington Projects Office as well as in Buffalo,

“ Boarding the plane, left to right: Orren Tufts, who wrote ‘‘Dynamic Deriva-
tive Measurements in a Wind Tunnel’’; Gary Ludwig and Gordon Brady,
co-authors of ‘‘Theoretical and Experimental Studies of Impinging Uniform
Jets’’; Dr. Walter Gibson, who wrote ‘‘Nonequilibrium Shock Layers with
Radiation Transfer and Species Diffusion’’; and Charles Gates, who co-
authored ‘‘Comparison of Theoretical and Experimental Flutter Character-
istics for a Model Rotor in Translation Flight”’ with Raymond Piziali and
Frank DuWaldt (both not included in this photo). Also not appearing in the
photo was Dr. Hsien Cheng, author of ‘‘Recent Developments in the Theory
of Viscous Hypersonic Flow around Blunt Bodies.”’

CORNELL AERONAUTICAL LABORATORY, INC.
OF CORNELL UNIVERSITY

o —————— e ——— i —— ————— i o T i o T e et
| J. S. Rentschler NY
| CORNELL ac:RONAUTICAL LABORATORY, INC.
| Butfalo 21, New York
I O Please send me a copy of your factual, illustrated prospectus, ‘‘A Community
l of Science,’’ and an application blank.
| O Vm not interested in investigating job opportunities now, but | would like to
| see yourlatest ‘‘Report on Research at CAL.”’
| Name
= Street
| City Zone State
I An Equal Opportunity Employer
s e e e — — — — — — — — — — — — — — — —  — — — — — — — — — — — — — — —
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B. Novikoft in The Cell, Vol. 1I: Bio-
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He puts the pieces together

Building a spacecraft requires many technical disciplines.
Each of the spacecraft's subsystems has to fit perfectly with
every other subsystem.

Putting the pieces together is the job of JPL's Systems
Division. It integrates power, communications, measuring
devices, guidance and control, propulsion and structure into
one spacecraft.

JPL needs more and more engineers to help solve future
spacecraft puzzles. .. engineers for the new Space Flight

Operations Facility, Systems Design, Systems Analysis, Space-
craft Assembly and Test, Trajectory Analysis and Celestial
Mechanics.

There are also immediate openings in all seven JPL
technical divisions, including Systems. A resume from you to
JPL could fill one of them.

@ JET PROPULSION LABORATORY
4802 Oak Grove Drive, Pasadena, California
Attention: Personnel Department 5

"An equal opportunity employer." Jet Propulsion Laboratory is operated by the California Institute of Technology for the National Aeronautics and Space Administration.
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GET READY FOR THE SPACE »no SCIENCE ERA! SEE SATELLITES, MOON ROCKETS CLOSE UP

'AMALZING SCIENCE BUYS

‘-?a

e the Stars, Moon, Planets Close Up!

3" ASTRONOMICAL REFLECTING TELESCOPE
SEE AND PHOTOGRAPH SUN’S ECLIPSE JULY 20TH.

Je visually safe and use Edmund’s Combination
Sun Projection Screen and Camera Holder.

Stock No. 70,162-S.................. $9.95 Postpaid
60 to 180 Power—Famous Mt. Palomar Type! An Unusual Buy!
See the Rings of Saturn,

's the fascinating planet
- Mars, huge craters on
. o~ the Moon., phases of

Venus. Equatorial

mount with lock on both
axes. Aluminized and
overcoated 3” diameter
high-speed f/10 mirror.
Telescope
equipped with a
eyepiece and a mounted

Jarlow ILens. Optical
Finder Telescope in-
cluded. Hardwood, port-

.
“N

able tripod. FREE with

Scope: Valuable
CHART plus 272-page “HANDBOOK OF HEAVENS"
plus  “IHOW_ TO TUSE SCOPE” BOOK.

YOUR T

(
Stock No. 85,050-S 29.95 Postpaid

474" Astronomical Reflector Telescope!
255 I’'ower. New Vibration-Free Metal P’edestal Mount.
Stock No. 85,105-S $79.50 F.0.B. Barrmgtun.
PERB 6” REFLECTOR TELESCOPE
Inc. eleclric clock (h , setting circles, oqu'u(unl mount,
pedesial base, 4 eye des for up to 576X.
Stock No. 85,086-S $195.00 F.0.B. Barrington, N. J.

MAKE YOUR OWN POWERFUL
ASTRONOMICAL TELESCOPE
GRIND YOUR OWN ASTRONOMICAL MIRROR

Kits contain mirror blank, tool. abrasives, diagonal mirror,
eyepiece lenses. You build instruments valued from $75.00
to hundreds of dollars.

Stock No Dia. Mirror Thickness Prico

70,003-S al,” EYAS % 7.50 postpa

70,004-S i ” 11 .95 po ad

70,005-S 8” 1357 19 50 pusipaid

70,006-S 10”7 13/4” 3075 FO
1007-S 12157 21/g” 5995 -

MINIATURE SUBMERSIBLE WATER
PUMP FOR HOBBIES, EXPERIMENTS

Sturdily built, self-priming, elec-
tric water pump. Ideal for sci-
ence classes, advertising exhibits,
miniature waterfalls, fountains,

etc. Operates under water on 8 to

iy .\- L1 4%, pumps 1 pint per minute at 12” head.

Rpate sulie spring and instructions included. Plastic, 214”
-" dia.. wt. 1% -0z.

Stock No. 60,307-S......coviiiieieenens $2.98 Postpaid

SCIENCE TREASURE CHESTS
For Boys—Girls—Adults!

| Science Treasure Chest—Extra-powerful
magnets, polarizing filters. compass, one-
way-mirror film, prism, diffraction grating,
and lots of other items for hundreds of
thrilling experiments, plus a Ten-Lens Kit
for making telescopes, microscopes, etc. Full instructions
included.

Stock No. 70,342-S $5.00 Postpaid
Science Treasure Chest DeLuxe—Iverything in Chest above
plus exciting additional items for more advanced experi-
ments, including crystal-growing kit, electric motor, molec-
ular models set, first-surface mirrors, and lots more. R
Stock No. 70,343-S $10.00 Postpaid

ANALOG COMPUTER KIT

u/hlu-m:l—nn ]I

Ideal introduction to the increas-
. ingly important electronic com-
) | puter field. For bright students,
Z )k or anyone interested in this new
— science. Demonstrates basic ana-
log computing principles—can be used for multiplica-
tion, division, powers, roots, log. operations, trig
problems, physics formulae, electricity and magnetism
problems. Fasily assembled with screwdriver and pliers.
Operates on 2 flashlight batteries. Electric meter and
3 potentiometers mounted on die-cut box. Answer indicated
on dial. 20” long. 9” wide, 2” deep. .
Stock No. 70,341-S........ccccevvnennnnne $14.95 Postpaid

MAIL COUPON FOR FREE CATALOG!

164 pages! Over 1000 bargains!
WORLD’S LARGEST SOURCE OF OPTICAL PARTS

Huge selection of lenses. Make your
own trains of lenses from simple,
achromatic, magnifying and con-
densing types. Choose from fabu-
lous variety of filters, mirrors; flat,
raw, and slab glass; plus every
fype of prism; war surplus ophcal
instruments, parfs and accessories.
Also 'felescopes, microscopes, bin-
oculars, sniperscopes, science ex-
periment items; math learning and
teaching aids. Request Catalog S.

EDMUND SCIENTIFIC CO., Barrmgfon NJ.
Nama
Address
City

Zonn s Sldre

ORDIR BY STOCK NUMBIR .SIND CHICK OR

-and OTHER SCIENTIFIC BARGAINS

Marvels of the Universe
ON iLIDES

$16.00 Postpaid

War Surplus!
ﬂ.mer::on -Made Tx50 Blnuulnrs
s i Branil iew!

1544-5 ﬁ only $74.80 psipd

# x 30 Blhoeulary oimll errific bargain
Stock Meo. 943-S Sll ﬂl} psl'pd lut

Wk

)tocl: No

American Made—
Over 50% Saving
STEREO MICROSCOPE

Years in development. Equals $300 to $400
instrument. DIrecision Amer made.
Used for checking, inspecting, s as-
sembly work. Up to 3”7 working distance.
(lear, sharp, erect image. Wide 3 dimen-
sional field. 2 sets of objectives onrotating
turret. 23X and 40X. 10 Day Iree "I'rial.

Stock No. 85,056-S................ $99.50

NEW! STATIC
ELECTRICITY GENERATOR
Sturdy, Improved Model
See a thrilling spark display as you
set off a miniature bolt of lightning.
Absolutely safe and harmless. Sturdi-
ly made—stands 14” higl rn the
handle and two 9” plastic discs rotate
in opposite directions. Metal collector
brushes pick up the static electricity,
store it in the Leyden jar type con-
denser until discharged by the jump-
ing spark. Countless tricks and ex-
periments. 24 page instruction book-

\
-. )
let included.

Order Stock No. 70,070-S....

..$12.95 Postpaid

DOWN GOES THE PRICE ON WAR SURPLUS

LENSES - AERO EKTARS and TESSARS - NEW

and USED - OUT THEY GO FOR 3 and 4%
OF GOVT. COST!

removed from cone—Focal plane 10”

outside of cone. Clear front lens dia,

7. Wt. of Cone )laphlagln F/b toF/ 22
. ur

Kodak at cost to Gov’'t. of over
$1,000 each—F/6, 24 In. Focal
L en;zlh Lenses with 23” Lens Cones

now you can have them for
nnkmg Big Bertha Telephoto lenses
or Cameras. Richest Field Wide An-
gle, Low Power (12X to 48X) Tele-
scol)e& Opaque Projectors. Camera
Obscuras, Copying Cameras or 48
power Table Top Telescopes. Save
real money and get far better results.
These K22 Aerial Camera units with
lens and diaphragms can be easily

—a7, rear 354
(adjuuame from 17 to i

”. Lens elements—4
\\t —26 1bs.

o hrass (‘ell).

Shutter not mclu(led Shipping wt.

Stock No. 85,059-S
sed—Was $39.50—NOW $25.00 f.o.b.Utah
Stock No 85,060-S

New—Was $59.50—NOW $32.50 f.o.b.
Above Lenses in cells—out of Cone and l)mphla[..n\

Stock No. 70,190-S........cccceuvvuenninns $22.50 Postpaid

BARGAIN! LONG &
SHORT WAVE ULTRA-
VIOLET LIGHT SOURCE

Small! Lightweight!
Portable! Most Powerful

at the Price!

Newly developed for pros-
pecting, mineral collecting,
fluorescent  demonstrations,
etc. Most powerful source of
-long and short wave ultra-
violet light in one compact
home-or-field unit! One
:source produces short wave
TV radiation with peak in-
tensity of 2537 angstroms. Other source produces long wave
UV with peak intensity of 3660 angstroms. Unit has rugged
all-metal housing, special circuitry for battery conservation,
easy access for replacing tubes. extra large filters. Operates
on house current or batteries. Lightweight. only 1 1b. 5 oz.
Compact, 5%” x 2”7 x 81%”. Fully guaranteed. 6 identified
mineral specimens included.

Stock No. 70,259-S. ...$24.95 postpaid

EATTERY ADAPTER CASE With Adjustable Shoulder
trap.

Stock No. 70,260-S.
MONIY ORDIR ,

..$5.75 postpaid
SATISFACTION GUARANTEEID!

EDMUND SCIENTIFIC CO.,BARRINGTON, N. J.
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How an RCA electron tube helps
straighten out traffic jams in the sky

In today’s jet age, airspace over major cities often
becomes a monumental traffic jam . . . more than most
conventional radar systems can handle.

But now a sophisticated new electron tube devel-
oped by RCA is helping to bring Air Traffic Control
Radar Systems up to date. Known as a Scan-Conver-
sion Tube, the device takes radar impulses and
changes them into television signals. These signals
are used to reproduce bright, flickerless images on a
large TV screen—with more detail than pictures on
your TV recei ver.

Pictures like this have many advantages over con-
ventional radar displays. The image can be retained
longer—to give the ground operator a clearer view of
the speed and flight path of airplanes in the vicinity.

Diagrams of airlanes and holding patterns can be
superimposed over flight patterns on the TV screen—
to help the operator spot immediately any aircraft
out of proper position. And, just as in a TV station,
these same TV pictures can be ‘“‘piped’” to remote
locations—permitting one airport to monitor flight
patterns around other nearby airports.

RCA Scan-Conversion Tubes are another contribu-
tion of RCA electron tube technology to science, in-
dustry, and the national defense.

RCA ELECTRON TUBE DIVISION

-

RCA Scan-Conversion Tube

The Most Trusted Name in Electronics
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""To the eyes of the man of imagination,
Nature is imagination itself."

William Blake

The creation of imaginative, fresh
patterns through studying the nature
and behavior of matter is the heart
of our research effort.

Sometimes it leads to the expected,
sometimes to the not-so-expected.
Always, it leads to stimulation of
the intellect through the stimulation
of the creative drive.
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