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Examples of miniature electronic circuitry.

How First National City Bank
helps electronics companies to
get credit tailored to need,
keep posted on world money markets,
finance and lease computers...

...and get 8 other services that might give you some ideas for your company.

1. Get credit tailored to need

Fast growth, high R & D costs, sophisti-
cated products, and volatile consumer, in-
dustrial, defense and space markets are
the facts of life in electronics. To solve
the complex financial problems they
create, First National City Bank has
established an Aerospace and Electronics
Department.

These men know the industry cold, can
judge such things as the market poten-
tial of exotic new electronics products,
and the impact of product obsolescence
on financing. Result: they can adapt
short term credit, revolving credit and
term loans to help these companies
realize their full growth potential.

2. Keep posted on world money markets
Electronics executives call on Citibank's
Economics Department and Overseas
Division regularly for reviews of inter-
national economic, financial, political and
social problems. They are also briefed on
new developments affecting the speed
and cost of foreign exchange in areas
where their companies do business.

3. Finance and lease computers

Citibank buys computers from manufac-
turers and rents them to the manufac-
turers’' customers. This technique lets
some customers conserve capital, lets

FIRST NATIONAL CITY BANK

399 PARK AVENUE, NEW YORK, N.Y.10022 - MEMBER FEDERAL DEPOSIT INSURANCE CORPORATION

some get equipment they might not
otherwise be able to buy.

The bank also supplies millions of dol-
lars worth of credit to manufacturers of
computers, peripheral equipment and
software.

4. Set up businesses overseas
Citibank people both in New York and
overseas help electronics companies set
up plants and offices in new markets.
The bank supplies information about local
pay scales, employee benefits, regula-
tions on loans, etc. Citibank helps com-
pany representatives find and finance
homes, locate office space, set up bank-
ing services, and introduces them to key
people in local business and government.
Note: Citibank simplifies overseas
banking for electronics companies with
uniform procedures at Citibank in New
York and its branch network in 47 coun-
tries overseas.

5. Get credit checks
Electronics firms make many substantial
one-time sales through their catalogs to
unknown buyers. Citibank makes thou-
sands of credit inquiries on these pro-
spective buyers, as well as routine credit
checks on regular customers.
Citibank’s people overseas know what
credit information U.S. businessmen
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need. They frequently report facts not
readily available elsewhere.

6. Maintain special purpose accounts
Electronics firms maintain special ac-
counts at Citibank in New York and over-
seas for cash mobilization, payrolls,
deductions, accounts payable, etc.

7. Use world money markets
In the U.S., Citibank serves companies
as adviser or principal in sales of govern-
ment notes, commercial paper, C.D.'s and
other short-term investments.
Companies use Citibank's overseas
branches to invest proceeds of foreign
underwritings until they are needed.

8. Locate and evaluate acquisitions
Citibank keeps an eye peeled for poten-
tial mergers and acquisitions, helps
evaluate them, makes introductions, fur-
nishes financial assistance.

9.-11. Other important services

First National City Bank protects and
services securities for many electronics
firms; supplies leads on qualified per-
sonnel; acts as trustee and paying agent
for debentures and as registrar or trans-
fer agent for company stock, etc.

We welcome inquiries about the
many ways your company can
use First National City Bank.
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His airline spent millions to make sure
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his flight will be comfortable,and a few pennies
more to put his mind at ease.

When a passenger on a tight sched-
ule needs to know if his connecting
flight in Rome will be on time, an air-
line should be able to answer, fast.

That’s not always so easy when the
place you have to ask is an ocean away
from you.

Ordinarily, when a transoceanic
query has to be relayed, it's done man-
ually. If the operator has his hands full
at the moment, query and passenger
have to wait. And you know how long

that can be sometimes.

But at ITT World Communications
we have a computerized switching
system called ARX. When a message
comes in, ARX switches it to its desti-
nation electronically.

At the speed of light, not at the
speed of people.

Some large companies have their
own switching systems, but that’s ex-
pensive. We let companies share ours
for pennies a message—a lot less than

the cost of a manual routing, or the
price you’ll eventually have to pay be-
cause of an unhappy customer.

Banks, oil companies, steamship
lines and many other businesses can
use our ARX.

We can’t think of a better way to
spend a few pennies—to keep a cus-
tomer happy.

International Telephone and Tele-
graph Corporation, New York, New
York 10022.
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We figured out how to share a
computer with anyone who needs it.

About five years ago, we developed the first
software system allowing “remote multiple
access” to one of the largest computer systems
in the world. This computing utility, called
REMOTRAN, operates in Richland, Washington
as one of our service bureau facilities.

Terminals in neighboring states and Canada—
some as far away as 100 miles—tie into
Richland via phone lines.

But this system, and most concepts like it,
feature “remote batch” processing. Everything
is pre-arranged. A program is tailor-written and
stored in the computer memory. When a
remote subscriber taps the computer to solve a
problem, his program is called out and
temporarily monopolizes the computing operation.
Consequently, users get to the computer on a
first-come, first-served basis. Although the
problem may be solved in milli-seconds, getting
to the computer and getting answers back
can often take hours.

Swifter computers with big, safe-guarded
memories have let us change all that. Now
we’re developing time-sharing software systems
that furnish a reply almost as soon as the
question is received. With the recent delivery
of one of the largest third generation computers,
our Richland facility is now being converted to a”
true time-sharing network using CSC developed
and implemented software.

The danger of shoddy software programs
was never more important than in
time-sharing. If the thousands of inter-
related program elements are inefficiently
conceived and arranged, the “executive”
program itself can become so complex
that it would occupy most of the memory
and consume much of the computer’s
calculating power.

Then, too, demands on the “executive”

Computer Sciences '

Corporation

650 North Sepulveda Boulevard, El Segundo, California 90245

grow with the proficiency of the user. A
subscriber soon discovers new ways of using
the computer. With an inept “executive,” these
new applications, when multiplied by the
number of users, could cause a saturation and
slow the computer’s response way down.

The “key” is being ahead of the subscriber
from the very beginning.

We’ve been working with this “key” for
over 200 man-years. This includes both
“executive” programs and all the other time-
sharing software support. Among the latter are
program checkout systems, control language
systems, and conversational processors (e.g.,
FORTRAN, and PL/1). For instance, we recently
designed a FORTRAN to compile 5000 cards a
minute. (This is excellent speed for any
computer system, time-sharing or otherwise.)

Currently we’re involved in new time-
sharing projects—ranging from modest systems
for the near future to mammoth fourth
generation systems for the next decade. If you
or one of your customers has a time-sharing
system in mind, write the President for a

copy of our brochure.
It tells of a couple
of man-centuries
of experience we
figure you can’t
afford to ignore.
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The professionals
have been turning
their records

this way for years.

Now it’s your turn.

THE COVER

The painting on the cover shows part of the cutting face of a machine that
bores tunnels (see “Rapid Excavation,” page 74). The machine is a Jarva
Mark 14, made by Jarva, Inc., of Solon, Ohio, with cutters made by the
Reed Roller Bit Company of Houston. The studded cutters have teeth of
tungsten carbide and are designed to enable the machine to bore through
hard igneous formations. An array of such cutters is positioned on the face
of the machine at various angles. In operation the entire face, which is 11
to 14 feet in diameter depending on the size of the bore, rotates; it is pressed
against the face of the tunnel by hydraulic rams that are also part of the
machine. Behind the rams are hydraulic legs that lock the machine in the
tunnel during a boring cycle, which can continue for as much as two feet.
At the end of a cycle the locking legs are retracted and rear support legs
push the machine forward for another cycle. Material gouged from the face
of the tunnel by the machine is passed along the top of the machine and dis-
charged at the rear. A machine of this type used to bore 10.5-foot sewage
tunnels in St. Louis had an average penetration rate of 3.62 feet per hour.

Meet Garrard’s newest and finest

automatic transcription turntable, the
SL 95...s0 advanced that even its motor
sets new standards in record reproduc- THE ILLUSTRATIONS
tion! The SL 95 is powered by Garrard’s
revolutionary new SYNCHRO-LAB C . .
MOTOR™, that gives you the matchless Cover painting by Rosemary Lois
benefits of absolutely constant speed—
synchronous speed—plus instant indue-

tion starting power and notable freedom Page Source Page Source
fr(ém r\}xlmble and diztorﬁoné ditonth 25 World Wide Photos 69 Anthony C. Allison, Na-
ynchronous speed—you find it on the . . ] .
professional turntables used for broad- 26-28 Enid KOtSC}mig tional Institute for Medi-
casting and record cutting. It means 5 . . cal Research
that no matter how many appliances 29 Swedish Information Ser- .
vou (or your neighbors) use, and re- vice 70 Bun]1 Tagawa
gardless of changes in record load, . X .
stylus pressure or temperature, the 30-33 Enid KOtSChnlg 71 Anthony C. AllflSOIl, Na-
speed will not vary to affect the sound o tional Institute for Medi-
of your records. Note, too, the ultra low- 35-38 Ronald F. Scott, Califor- cal Research
& mass tone arm, the adjustable counter- | nia Institute of Technol- < <
weight for dynamic balancing, the gyro- 72 Bunii Tagawa
scopically gimballed pivoting, the built- ogy ) g
in cuein%, alnti-skating and stylus pres- 39-40 Allen Beechel 75 ]im EgleSOD
sure controls.
So significant an advancement is Syn- 41 Ronald F. Scott, Califor- 76 Jarva, Inc.
chro-Lab power that it has been incor- 5 : _ .
porated in four new SYNCHRO-LAB glg‘; Institute of Technol 81-83 ]lm Egleson
SERIES™ automatic turntables, from _ e Ty
$59.50 to $129.50 (less base cartridge) 0 Allen Beechel 84-85  Bucyrus-Erie Company
for the magnificent new SL 95. A 20- < 89-98 Dan Todd
page Comparator Guide, just published, 43 R 1d F. Scott. Califor
shows all the new Garrard models in F)na o cott, Lalifor- 103 ]ames McMullan
full color, with their features and speec- nia Institute of Technol-
ifications. For a complimentary copy, ogy 104 ]Oan Starwood
send coupon. 105 MecMull
£ = 45 Lee Boltin James McAullan
-
" . 106-109 Joan Starwood
- . 46-50  Eric Mose I

113 John C. Moser, U.S. For-

® 63-66  Anthony C. Allison, Na- est Service
M tional Institute for Medi-
cal Research 114-117 Thomas Prentiss

Mail to: World's Finest 67 Buniji Tagawa 118-120 Suzanne W. T. and Lekh

Garrard, Dept. AS-16, Westbury, N.Y, 11520 R. Batra, University of
Name 68 Bunji Tagawa (top); An- Kansas Y

thony C. Allison, National o%_10
Institute for Medical Re- 125-128 Charles Anatra

City State zie search (bottom) 131-138 Roger Hayward

British Industries Corp., a division of Avnet, Inc.

Address R
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It’s just an ordinary airmail stamp.
Until you put it under ultraviolet
light. Then it turns into a glowing
super stamp that lets the Post Office
sort 30,000 letters an hour!

Sylvania phosphors did the trick.
After seven years of research. Several
thousand were tested before two were
selected from Sylvania.

Now, the phosphors are simply
added into thestamp ink. Ared-orange
for airmail, a green for the rest. When
the letters come in, they are fed
through special electronic equipment
that cancels and sorts them automati-
cally.

Sounds simple, but it took some do-
ing. The phosphors not only had to
luminesce brightly under ultraviolet,

but had to be as fine as confectioner’s
sugar (normally antagonistic char-
acteristics).

Altogether, we offer hundreds of dif-
terent phosphors. Some detect counter-
feiting, some illuminate safety devices,
some coat fluorescent tubes, some trace
air currents, some make plastics glow,
some brighten your TV picture.

Maybe we can solve your materials
problems too. After all, we've been a
leading phosphor producer for over 25
years. We're also a leader in tungsten,
molybdenum, specialty industrialinor-
ganic chemicals, and semiconductors.

For information, write to Sylvania
Electric Products Inc., Chemical &
Metallurgical Division, Towanda,
Pennsylvania 18848.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS
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Volcano vs. diamond.
Diamond wins.

The fiery turbulence of a volcano produces lava,
a hard, abrasive substance now being
used in atomic reactors and related equipment.

The problem was machining the lava to various
configurations. Atomics International,

division of North American Aviation, Inc.,

at Canoga Park, Calif., looked around for
tools to machine lava, on which carbide

tools were first tried and found wanting.

They found the proper cutting edge in a
shaped V2-carat diamond. First, they turned

a cylinder of extremely hard and abrasive
Grade A lava. Then the same diamond was used
to achieve a close tolerance and fine finish

on P5N graphite, which is not hard,

but difficult to machine.

Despite the grueling test on the lava piece,

the dimensional loss on the graphite cylinder
was less than .001 inch, and the finish finer

than any previously achieved by hand-polishing.

But you don’t have to battle a volcano to take
advantage of diamond tools. Natural and
synthetic diamond tools are used in grinding
wheels, dressing tools and lapping
compounds for all sorts of abrading jobs

in metalworking, optics and ceramics.

Are you frightened by the cost of diamond tools?
Don’t be. Because if you cut, sharpen,

grind or smooth anything in your business, you
can probably use diamonds profitably. Your
tool and wheel maker can show you how.

De Beers World’s leading source
of natural and synthetic diamonds
for industry . .. backed by
the Diamond Research Laboratory

Shannon, Ireland 8
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The cueing system
of the Dual 1019 auto-
matic turntable features
aunique combination of
silicon damping and
piston action.

This allows for «
controlled, gentle stylus
descent (0.5 cm /second)
and eliminates side-
thrust from anti-skating
compensation.

This is one example
of Dual's precision engi-
neering. Among many
others are: 40-milligram
tonearm bearing friction
for flawless Y2-gram
tracking, direct-dial con-
tinuously variable anti-
skating control for
balanced tracking on
both walls of the stereo
groove, variable speed
control, and a single-
play spindle that rotates
with the record to elimi-
nate record slip or bind.

The Dual 1019, at
$129.50. Other models
from $69.50. For full in-
formation, write Dept.
SA, United Audio Prod-
ucts, Inc., 535 Madison
Avenue, New York, N.Y.

10022. m

LETTERS

Thank you for the article on tetro-
dotoxin in the August issue. The common
puffer fish on the Natal coast of South
Africa is Amblyrhynchotes honckenii. It
is highly poisonous and well left alone
by both fish and birds.

Your author, Frederick A. Fuhrman,
may be interested to know that this
“toby” is called blaasop in Afrikaans
(compare blaser given for the name in
Indonesian). The Zulu name is isi-kuk-
kuku. The poisonous nature of this fish
is well known to the local Congoid witch
doctors and doubtless many a sudden
death can be attributed to this item of
the medicine bag. The famous South
African ichthyologist J. L. B. Smith
states in his magnificent work The Sea
Fishes of Southern Africa, and I quote:
“Eaten by cats with rapidly fatal conse-
quences, is sometimes employed to end
nocturnal disturbances”!

A fatal case of poisoning through the
eating of these fish is reported in the
Daily News of Durban for July 17, 1967.
I quote: “An African youth who escaped
from the Vuma Reformatory is dead and
his accomplice is in a critical condition
after eating fried tobys. They came upon
a few small fish which they cooked as
they headed down the coast.”

G. NoEL JonssoN

Natal
Republic of South Africa

Sirs:

We were naturally pleased that Clar-
ence F. Kelly, in his article “Mechanical
Harvesting” [ SCIENTIFIC AMERICAN, Au-
gust], credited International Harvester
with a very significant investment of
both time and money in development of
the cotton picker.

However, this reference and the one
following it tend to leave the erroneous
impression that International Harvest-
er’s efforts were eclipsed when “suc-
cess was finally achieved by the Rust
brothers.”

It is perfectly true that a number of
people were involved concurrently in
experimental work on cotton pickers for
a number of vears. International Har-
vester had attacked the problem of
mechanized cotton harvest from several

| angles when, in 1924, it acquired the
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Price-Campbell patents for a spindle-
type cotton picker.

Thereafter our engineers worked con-
tinuously—and completely independent-
ly of the efforts of others, including the
Rust brothers—on developing a success-
ful spindle-type cotton picker.

By 1942 our development had pro-
gressed to the point where International
Harvester publicly announced its cotton
picker was ready for regular production.

Although wartime material allotments
limited early production to a few hun-
dred machines, International Harvester
was the first firm to market a success-
ful cotton picker. At war’s end Interna-
tional Harvester began construction of
its Memphis, Tenn., works and locat-
ed cotton-picker production there when
the plant was completed in 1948.

That year the plant produced more
than 1,100 spindle-type pickers, and In-
ternational Harvester machines repre-
sented all but a tiny percentage of cotton
pickers then commercially available. By
the fall of 1952 our production had
passed the 8,000-unit mark.

Today there are more International
Harvester cotton pickers in use than any
other make, and the majority of those
on the market operate under principles
established by our designs.

W. F. OVERMAN

International Harvester Company
Chicago, 1L

Scientific American, November, 1967; Vol. 217,
No. 5. Published monthly by Scientific American,
Inc., 415 Madison Avenue, New York, N.Y. 10017;
Gerard Piel, president; Dennis Flanagan, vice-
president; Donald H. Miller, Jr., vice-president
and treasurer.

Editorial correspondence should be addressed to
The Editors, SciENTIFIC AMERICAN, 415 Madison
Avenue, New York, N.Y. 10017. Manuscripts are
submitted at the author’s risk and will not be
returned unless accompanied by postage.

Advertising correspondence should be addressed
to Allan Wittman, Advertising Manager, Sci-
ENTIFIC AMERICAN, 415 Madison Avenue, New
York, N.Y. 10017.

Subscription correspondence should be ad-
dressed to Jerome L. Feldman, Circulation Man-
ager, SCIENTIFIC AMERICAN, 415 Madison Avenue,
New York, N.Y. 10017.

Offprint correspondence and orders should be
addressed to W. H. Freeman and Company,
660 Market Street, San Francisco, Calif. 94101,
For each offprint ordered please enclose 20 cents.

Microfilm correspondence and orders should
be addressed to Department SA, University Micro-
films, Ann Arbor, Mich. 48107.

Subscription rates: one year, $8; two years, $15;
three years, $21. These rates apply throughout
the world. Subscribers in the United Kingdom may
remit to Midland Bank Limited, 69 Pall Mall, Lon-
don SW 1, England, for the account of Scicn-
tific American, Inc.: one year, two pounds 18
shillings; two years, five pounds 8 shillings;
three years, seven pounds 11 shillings.

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



b ot Y
[ 2
4\

Look for the c0p g é

]

Many
an inside slab of a high-purity A
, Boron Deoxidized Copper, whiéi:l.
nickel alloy faces so the coins can't
. Also it provides high electrical
(this makes the coins work in vel
., Further, it releases scarce s
demands in photography, sily
‘cal aqmpment. :

© 1967 SCIENTIFIC AMERICAN, INC |
S e e -



Thes®
522

© 1967 SCIENTIFIC AMERICAN, INC



© 1967 SCIENTIFIC AMERICAN, INC



profile
of LAMPF

The Los Alamos Meson Physics Facility
project involves the development of a
linear accelerator capable of producing
a beam of 800 MeV protons with an
average current of 1 milliampere. This
unprecedented proton beam is essen-
tially 10,000 times more intense than
that from any existing machine in this
energy range. Upon collision with appro-
priate targets, pi mesons, and subse-
quently mu mesons, will be produced in
enormous quantities. They will be used
for fundamental research in nuclear
physics. The pion and muon beam inten-
sities will permit important experiments
in meson physics which are impractical
with present day accelerators. Mesic
atoms will be produced in abundance;

los{:

—f

neutron and neutrino research will be
conducted.

In the current phase of the program the
talents of the following types of person-
nel are utilized: Experimental and
Theoretical Nuclear Physicists; High
Energy Physicists; Mathematicians;
Electronics Engineers (Controls, Micro-
waves, and Communications); Mechan-
ical Engineers; and Technicians and
Draftsmen.

A limited number of opportunities exist
for highly qualified scientists and engi-
neers in Los Alamos research programs.
Interested individuals are invited to
send resume to:

Director of Personnel
Division 67-110

‘alamos

'/ SCIENTIFIC LABORATORY
OF THE UNIVERSITY OF CALIFORNIA

| 4 LOS ALAMOS, NEW MEXICO

i

An Equal Opportunity Employer. U.S. Citizenship Required.
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20 AND 100
YEARS AGO

| SCENTIFICAMERICAN |

NOVEMBER, 1917: “Nothing short
of a catastrophe of the first magnitude
has descended upon Italy’s armies. Of
that there can be no doubt. At the time
of writing the mountain heights on the
Isonzo have been lost to the Italians,
the important railroad center of Udine
has been captured and the invasion of
the northern Italian plains appears to
be well under way by the Austro-Ger-
man forces pouring in through the
mountain defiles. Whether or not the
Italians will be able to check the in-

vader on the Tagliamento line, which

takes its name from the river flowing

' more or less in a north and south di-

rection, remains to be seen. At any
rate, the Italians are fighting well, re-

| markably well; their cavalry and other
| light units are conducting an effective

rear-guard action with the Austro-Ger-
man vanguards, while the bulk of Ca-
dorna’s forces are retreating in an or-
derly and masterful manner.”

“Before the ever changing kaleido-
scope of Russian events as revealed from
day to day, prediction must falter and
grow pale. Never has a revolution been
brought about under such circumstances

| or involved such possibilities of world-

wide consequence. On these grounds
alone the daily chronicle of Russia’s con-
flict would possess extraordinary inter-
est for all people of all nations. But to-
day, with the world plunged in its great-
est international struggle, the battles of
Petrograd and Moscow claim our atten-
tion even more urgently for another rea-
son. What effect will the Russian Revo-
lution have upon the war is the question
that rises instinctively to every lip of
whatever nationality. When we attempt
to consider the revolution from this
point of view, the first thing we must
realize is that we are at once separating
ourselves from the revolutionists by a
tremendous gap. The Russian regards
the war as an incident of the revolution,
rather than the other way about; he is
interested in making sure that the war
shall not interfere with his revolution
rather than that his revolution shall not



Report from

BELL

LABORATORIES

Sequence of computer-generated rainfall-rate patterns at 10-second intervals. (Order is
upper left and right, then lower left and right.) Small “patches’ correspond to geo-
graphic positions of 93 rain gauges. Each patch can have one of 48 computer representa-
tions of rain rate: dark for no rain, gradually brightening for increasing rainfall. Thus,
each of the four frames ‘“maps” a rainstorm in the area, and the sequence is like a
motion picture. (Detailed data are recorded on magnetic tape for analysis and correlation
with radio transmission characteristics, but the display gives a quick overall view.)

ELECTRONICS
PACKAGE

OuTPUT

/'
FLOW OF / )3

RAINWATER

The new rain-rate gauge. Rain collected in funnel, top, flows along 45° incline between
two insulated rods...the electrodes of a capacitor in an oscillator. Heavier rainfall
lowers the oscillator frequency. The gauge can detect one raindrop, yet is accurate
within five percent at rates of more than 10 inches per hour.
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Photos of a rainstorm

The pictures at the left represent
rain on a 60-square-mile area in
east-central New Jersey on Novem-
ber 28, 1966. Actually, they are four
photos of a computer-generated
display. The brightness of each
little *‘patch’ indicates the rainfall
rate at each of 93 gauges spaced
throughout the area.

We study rainfall because it im-
pairs higher-frequency microwave
radio transmission. But no one has
had detailed data on its effects. All
we had were relatively infrequent
rainfall readings from a few gauges
near radio paths. We needed—and
now have—almost instantaneous
readings of rainfall rate from closely
spaced gauges over an area.

The result? We have learned a
lot about rainfall—for example that
heavy, small-area concentrations of
rain occur and shift around within
a wide-area storm. More important,
we can now begin to relate rainfall
patterns to specific transmission
difficulties. With this information
we are improving our strategies for
establishing, despite the weather,
more reliable radio relay paths at
higher microwave frequencies.

280
240
200

RAIN RATE (MM/H)

515 530 545 600
TIME (PM, EDT)

Rainfall rate on one gauge during a storm
on May 27, 1965. Note rapid response of
gauge to changing intensity of rain.

Bell Telephone Laboratories

Research and Development Unit of the Bell System
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and their wives find happiness

Move your plant to Milwaukee
... Cosmopolitan, Cultural,

Can your executives

in “the sticks”?

_ ( imp__os_sible N

T

Robert J. Greenebaum, president of Inland Steel Products Co., and Mrs. Greenebaum view a new acquisition at the Milwaukee Art Center.

Congestion-free

Before you move your plant to a nice, airy, nowhere . . . think!
What will it do to that savvy staff of executives? Stick them away
in an unstimulating wilderness and you’ll soon wind up with .a
lackluster command team.

Instead . . . set ’em free in Milwaukee, the midwest’s heritage city
where the best of all the arts is not more than a relaxed 20-minute
drive away. Milwaukee offers an exciting smorgasbord of things to
do and see . . . Saarinen-designed art center, a variety of top theater
including an outstanding repertory company, concerts, art galleries,
continuing education, a new museum, the world’s finest new zoo and
our unique year-round tri-domed horticultural conservatory. Our
$10,000,000 Center for the Performing Arts is almost up. A new
planetarium is imminent. There’s much, much more, including elegant
shops, international restaurants and the most comprehensive park/
recreation system in the country. It’s all here . . . in a city whose
heartbeat is manufacturing geared to profitable production.

Come to Milwaukee . . . where your executives (and all your work
force) will like the living . . . cosmopolitan, cultural, congestion-free!

Division of Economic Development

Dept. SA-11, Office of the Mayor | Room 201, City Hall | Milwaukee, Wisconsin 53202

Gentlemen: Please send free copy of “‘there’s MORE
in Milwaukee”. Inquiries handled in strict confidence.

NAME

ADDRESS

CITY. STATE

Z\p

MILWAUKEE . .. GREAT FOR BUSINESS, GREAT FOR LIVING, and growing greater
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compromise our war. Alike because of
this and because of the physical condi-
tion of Russia, we must face the bald
fact that this nation is out of the war
so far as effective participation is con-
cerned.”

“In view of the recent measurements
of the altitude of the aurora made by
Carl Stormer and others, which indi-
cated that the phenomenon was chiefly
limited to a region 55 miles and upward
above the earth, Camille Flammarion
suggests that this location may be re-
lated to the fact that the atmosphere at
such levels consists mainly or entirely of
hydrogen. The auroral discharges would,
he thinks, be due to the ionization of
this gas by corpuscles emitted by the
sun.

“According to a note in the Journal
of the Society of Chemical Industry, it
has been found that many tobaccos yield
a smoke containing large quantities of
free nicotine, which can be extracted by
passing the smoke through a cotton-wool
plug treated with tannin. In some cases
as much as 12.3 per cent of the total nic-
otine can be recovered in this way. It is
suggested that the use of such plugs
by smokers would be of advantage from
a health point of view.”

“There now, unfortunately, seems lit-
tle doubt that Captain Guynemer, the
famous French airman, is dead. The
Germans have announced in the Ga-
zette des Ardennes that he was killed
about 800 yards east of the cemetery of
Poelcapelle. It is said that a German ser-
geant found there a one-seater with a
wing broken and the pilot dead from
a bullet wound in the head, and on him
an identity disk with the name ‘Georges
Guynemer.” Captain Guynemer had
brought down no fewer than 53 enemy
machines and had been decorated by
the French government with the Légion
d’Honneur, the Médaille Militaire and
the Croix de Guerre. A telegram to the
Cologne Gazette states that the German
officer who shot down Captain Guyne-
mer was Flight Lieutenant Wissemann,
who himself has since been killed. In
his last letter to his parents, in which
he described how he brought down
the French ‘Ace,” Lieutenant Wisse-
mann wrote: ‘Do not be anxious, as I can
never have a more dangerous enemy.””

“A new wood, apparently little known
and called balsa wood, is exceedingly
light and promises to have an extended
field of usefulness in connection with

| cold-storage structures when heat in-



ricky

b -~ Allen-Bradley Type J
- S hot molded variable resistor
— shown twice actual size

-

Allen-Bradley Type J potentiometers
offer tapers designed
to your special needs!

® When standard tapers fail to provide the control you desire, Allen-Bradley
Type J potentiometers have the unique capability to provide a virtually limitless
variety of curves to meet your specialized requirements. While not a precision
device that is continuously taper-trimmed to very close tolerances, Allen-
Bradley’s control of the resistance-rotation characteristics during production
assures a high degree of conformity.

Allen-Bradley Type J potentiometers have a solid hot molded resistance track
made by an exclusive process which was pioneered and perfected by A-B.
This solid resistance track assures smooth adjustment at all times—with none of
the discrete changes in resistance that are encountered in wire-wound units.
And being essentially noninductive, Type J controls can be applied in high
frequency circuits where wire-wound units are useless.

Furthermore, A-B’s solid molded resistance track assures low noise and long
life. On accelerated tests, Type ] potentiometers exceed 100,000 complete
operations with less than 109, change in resistance.

For more complete details, please write: Allen-Bradley Co., 1204 South
Third St., Milwaukee, Wis. 53204. In Canada: Allen-Bradley Canada Limited.
Export Office: 630 Third Ave., New York, N.Y., U.S.A. 10017.

ALLEN-BRADLEY

867-3A8 QUALITY ELECTRONIC COMPONENTS
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ADDITIONAL ALLEN-BRADLEY
HOT MOLDED VARIABLE RESISTORS

TYPE G CONTROLS are
only %" in diameter.
Quiet, stepless opera-
tion. Rated ' watt at
70°C. Values to 5 meg-
ohms, Type L are similar
in construction but rated
15 watt at 100°C.

TYPE F TRIMMERS are
for mounting directly on
printed wiring boards by
means of their terminals.
Rated % watt at 70°C

Values to 5 megohms.
Type O are similar but
rated 0.4 watt at 70°C.

TYPE R ADJUSTABLE
RESISTORS for trimming
applications are built to
withstand environmental
extremes. Only 1%”* in
larigth. Have stepless ad-
justment, Watertight and
can be encapsulated.
Rated '4 watt at 70°C.
Values to 2.5 megohms.
Type N for less severe
environments are rated
4 watt at 50°C.

AB)




"A TELESCOPE SUITABLE FOR ROCKET-BORNE INSTRUMENTATION"

The descriptive quotation above is the title of a paper pub-
lished by Patrick H. Verdone of Goddard Space Flight Center,
regarding a special all-quartz Questar used in two rocket flights
to photograph the sun in the near ultraviolet. Mr. Verdone’s
report on the equipment and its performance appears in the
March 1967 issue of Applied Optics. The entire project is
covered in a paper called “Rocket Spectroheliograph for the
Mg II Line at 2802.7 A” by Kerstin Fredga.

In the past we have pointed with pride to the many things
Questar can do for you, the hobbyist, by bringing you superb
resolution for astronomical and terrestrial observing and pho-
tography, in a fully mounted yet portable instrument. Imagine
how gratifying it is that this versatility also can serve so many
fields in industry and scientific research. The closed-circuit
televising of nearby objects, photography of earth and sky from
the Gemini capsules, laser sending and receiving, and now the
rocket-borne investigation of the sun, are but a few of the uses
so radically different as to appear to be beyond the capacity of
a single instrument. Yet all are in the day’s work for Questar.
It strikes us that when you make the world’s finest optical
system, the world finds ways to use it.

Questar, the world’s finest, most versatile small telescope, priced from
3795, described in 40-page booklet. Send $1 for mailing anywhere
in North America. By air to rest of Western Hemisphere, $2.50;
Europe and northern Africa, $3.00; Australia and elsewhere, $3.50.

QUESTAR

BOX 20 NEW HOPE, PENNSYLVANIA 18938
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sulation is important. It is a tropical
wood growing principally in the coun-
tries of South and Central America. The
wood is remarkable, first, as to its light-
ness; second, as to its microscopic struc-
ture; third, for its absence of woody
fiber; fourth, for its elasticity, and fifth,
for its heat-insulating properties.”

NOVEMBER, 1867: “M. O. Poulet
read at a late meeting of the French
Academy a paper on whooping cough,
in which he stated that during an epi-
demic of whooping cough that prevailed
in his neighborhood he found in the air
expired by a number of children suffer-
ing under it a vast number of infusoria,
identical in every case, which had the
property of communicating the disease
to persons inhaling them.”

“A very curious observation, on the
spectrum of a terrestrial flame closely
resembling that of certain yellow and
red stars, has been communicated to the
Italian society called the Forty of Mo-
dena by M. Secchi. This flame is that
which proceeds from a converter in
which Bessemer steel is being made and
at the time when the iron is completely
decarbonized. The spectrum presents a
series of very fine and very numerous
lines, similar to those of certain stars,
only reversed. This results from the great
number of metals burning in the flame
and is the only flame comparable with
the colored stars.”

“Artificial rubies, not mere copies in
glass but made veritably out of the same
substance—alumina—of which the nat-
ural gems are composed, have been pro-
duced by M. Ebelsman of the Sévres
Porcelain Works near Paris. The process
consists in employing a solvent, which
dissolves the mineral or its constituents
and may thus, either upon its renewal
or by a diminution of its solvent powers,
permit the mineral to aggregate in a
crystalline state. Certain proportions of
alumina, magnesia, oxide of chromium,
or oxide of iron, and fused boracic acid
are placed in a crucible made of refrac-
tory alumina enclosed in a second one,
the whole being exposed to a high heat.
The materials are first dissolved in the
boracic acid; then as the heat continues
the latter evaporates, the alumina and
coloring matter combine, crystallize and
present the exact appearance of the
spinel ruby.”



With RAX time-sharing,

up to 63 people

use one IBM SYSTEM/360

simultaneously.

RAX (Remote Access Computing Sys-
tem) is a time-sharing program designed
for IBM SYSTEM/360 Models 30, 40, 50.

With RAX, the engineer, scientist or
programmer—using a remote terminal
—processes his problems on the central
SYSTEM/360. Up to 62 of his colleagues
can do the same thing simultaneously.
Each one works without concern for
the system’s total processingload. Their
typewriter consoles or visual display
stations return results after a typical
wait of only four to five seconds.

At the same time, operators at the
computer center can batch process
FORTRAN and Basic Assembler Lan-
guage problems through SYSTEM/360.

The first RAX system was developed
at Lockheed Aircraft in Marietta, Ga.

The one-man, one-console idea be-
gan to germinate at Lockheed about
four years ago. It had become apparent
to people like Dr. Warren Herron,
Chief of Scientific Computing, that en-
gineers need a highly accessible com-
puting medium to work out small com-
putational problems requiring quick
turnaround.

Aided by systems engineers from the
local IBM office, Lockheed developed a
program suited to its particular needs
that reduced turnaround time from two
or three days to a matter of seconds in
most cases.

From experience gained with this
and other interactive systems, IBM has
now generalized and expanded RAX,
adding various operational features that
allow SYSTEM/360 users to select from
a variety of configurations to meet their
specific requirements.

Textron’s Bell Aerosystems Com-
pany, for example, has a RAX installa-
tion for its engineering design work at
Wheatfield, New York.

“WithRAX,” says R. E. Carroll, Bell’s
Director of Data Processing, “an engi-
neer is no longer faced with the prob-
lem of queuing for short jobs. Previ-
ously, if he had a job that was too
complex for a desk calculator, he had
to stack it with others and wait as long
as two days for the computer output. In
the meantime he would turn to other
things—in effect, he learned to time-
share his work. Now the computer does
the time-sharing, not the engineer.”

At LTV Aerospace Corp., Dallas
based subsidiaryof Ling-Temco-Vought,
Inc., engineers use RAX to process data
from wind tunnel experiments and to
solve other aircraft design problems.
One typewriter-like terminal, located
in the office of a vice president, is used
for financial analysis and forecasting.
The LTV computer center has installed
18 terminals—nearly all of them miles
from the central computer; the most

distant is 200 miles away.

lllinois Bell Telephone Company
headquartered in Chicago, has strategi-
cally located over 30 remote terminals
throughout the company for shared-
time operations. Over the next two
years the number of terminals will
more than double.The companyusesthe
RAX system for a variety of jobs, such as
telephone transmission and rate stud-
ies, analyzing sales performance, and
identifying trends in telephone usage.

At the University of Rhode Island,
visual display terminals help research-
ers study problems like fish population
interaction. Such studies take into ac-
count mortality rates, growth rates, mi-
gration habits and other factors, and
how the fishing industry and its mar-
kets are affected.

At the same time, students and fac-
ulty at other terminals elsewhere on
the campus are using the central com-
puter to find more efficient ways to
transmit information electronically, to
analyze urban housing characteristics
and to solve other problems.

If you would like to know more
about RAX and how it can help you
solve your problems faster, write for a
copy of the RAX brochure to: Director,
Scientific Development, IBM Corpora-
tion, Department 805-054, 112 East Post
Road, White Plains, New York 10601.
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In the last ten years one company
has built more fundamentally different
aircraft than any other—including the
worlds first supersonic interceptor,
worlds first supersonic bomber,
worlds first operational sweep wing,
and worlds fastest passenger liner.

General Dynamics.

-

F-111A. Now being delivered to the Tactical Air Com-  part-way back, it can cruise under the speed of sound for
mand of the United States Air Force. World’s first opera-  long distances. With wings swept back, it can fly over two-
tional variable-sweep wing plane. With wings extended  and-one-half times the speed of sound. It is being built in
straight, it can take off from short fields. With wings swept ~ fighter, bomber and reconnaissance versions.

B-58. Now operational with the Stra-
tegic Air Command of the United States
Air_Force. World’s first supersonic
bomber can fly better than 1,300 miles
per hour at altitudes of 60,000 feet, or
more. It is designed to fly intercontinen-
tal distances and deliver nuclear weap-
ons. The B-58 has been in operation
with the Strategic Air Command of the
United States Air Forces since 1959.
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F-102. Now serving overseas. World's first all-weather F-106. Now operational with the Air Defense Command

supersonic interceptor. It was designed for the United of the United States Air Force. A later, faster sister to
States Air Forces to seek and destroy invading high- the F-102. In 1959, it was clocked at 1,525.95 miles per
speed aircraft before they canreach their target. hour—or 2.3 times the speed of sound.

CL-44. Now carrying freight around
the world. It is the first aircraft designed
specifically for airfreight. The swing tail
reduces loading and unloading time be-
cause of unobstructed access to the fu-
selage, and permits carrying longer and _—
larger objects than possible with con-
ventional aircraft.

Convair 990. Now flying throughout the world. It is the  all other jet passenger liners by two “speed capsules” on
world’s fastest commercial jet liner. Carries 121, cruises  the trailing edge of each wing. The capsules decrease drag
at 640 miles per hour. The 990 can be distinguished from by lessening shock waves.

CL-215. Now in production for France

and the Province of Quebec. First new am-
phibian to be built in 30 years. Can be used
for water bombing, search and rescue, pa-
trol, cargo, crop dusting or spraying. It can

. . ) scoop up about 5,500 liters of water as it
CL-84. Now in development production. It combines features taxis across a lake, take off, then drop water

of the helicopter and fixed-wing plane. With wing, engine and on fire area in an uninterrupted flight.
propeller unit tilted straight up, it can take off or land vertically.
With partial wing tilt, it can take off from short fields with heavy

payload. With wings and engine positioned horizontally, it can GENERAL DYNAMICS

fly as fast as 300 miles per hour.
One Rocketeller Plaza, New York, New York 10020

©1967 General Dynamics
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THE AUTHORS

HARRIET ZUCKERMAN (“The So-
ciology of the Nobel Prizes”) is assistant
professor of sociology and a project di-
rector of the Bureau of Applied Social
Research at Columbia University. She
was graduated from Vassar College in
1958 and received a Ph.D. from Colum-
bia in 1965. “My studies of the laure-
ates,” she writes, “are part of a more
comprehensive comparison of the work
patterns of scientific elites and rank-and-
file investigators. After doing a small
number of interviews, ] found—and this
is scarcely surprising—that the laureates
were a remarkably fruitful source of in-
formation on the reward system in sci-
ence and its relation to such matters as
scientific collaboration, communication
and the development of scientific ideas.
It seemed sensible then (and it still does)
to focus my efforts on this distinguished
group of scientists.” The studies on
which the article is based are part of
Columbia’s Program in the Sociology of
Science, which is supported by the Na-
tional Science Foundation.

RONALD F. SCOTT (“The Feel of
the Moon”) is professor of civil engineer-
ing at the California Institute of Tech-
nology and also a consultant to the Jet
Propulsion Laboratory of Cal Tech. He
obtained a bachelor’s degree in civil en-
gineering from the University of Glas-
gow in 1951, a master’s degree in civil
engineering from the Massachusetts In-
stitute of Technology in 1953 and an
Sc.D. in soil mechanics from M.I.T. in
1955. For two years after leaving M.I.T.
he was a soil engineer with the Arctic
Construction and Frost Effects Labora-
tory of the U.S. Army Corps of Engi-
neers. His activities there included di-
recting a research project that involved
building a road and a bridge on an ice
cap in Greenland. Before going to Cal
Tech in 1958 Scott spent a year and a
half as a soil engineer with a Canadian
firm.

EDWARD P. LANNING and
THOMAS C. PATTERSON (“Early
Man in South America”) are respective-
ly associate professor of anthropology at
Columbia University and assistant pro-
fessor of anthropology at Harvard Uni-
versity. Lanning, who received a Ph.D.
from the University of California at
Berkeley in 1960, has worked extensive-
ly in Peru. Patterson did his undergradu-
ate work at the University of California
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at Riverside and obtained a Ph.D. from
Berkeley in 1964. He was on the Berke-
ley faculty until he went to Harvard in
1965; at Harvard, in addition to his
teaching, he is a research associate in
South American archaeology.

ANTHONY ALLISON (“Lysosomes
and Disease”) has spent most of his pro-
fessional career with the Medical Re-
search Council of Great Britain. He is
now head of the division of cell pathol-
ogy at the council’s Clinical Research
Centre in London. Allison received a
Ph.D. and a medical qualification from
the University of Oxford. For several
years he worked on human population
genetics, traveling extensively in vari-
ous parts of the world to get materi-
al. Recently he has been attempting to
apply similar principles to populations
of cells in single organisms, particular-
ly in relation to the origin of cancer.
Allison describes himself as “interested
in far too many things.” He adds that
he is “a firm believer in the necessity
for communicating scientific approaches
and results to nonscientists, especially

to children in high school.”

THOMAS E. HOWARD (“Rapid Ex-
cavation”) is director of mining research
in the Bureau of Mines of the U.S. De-
partment of the Interior. He was gradu-
ated from the Colorado School of Mines
in 1941 and worked in both mining and
the construction of tunnels before join-
ing the Bureau of Mines in 1951. He
writes: “The research program for which
I am responsible covers the entire spec-
trum of mining technology and is con-
cerned with all solid minerals. Studies
we have under way on behalf of the
National Aeronautics and Space Admin-
istration, concerned with extraction and
utilization of extraterrestrial minerals, to-
gether with our own research in marine
mineral technology in effect extend the
scope of the program all the way from
the moon to the bottom of the sea.”

KIP S. THORNE (“Gravitational Col-
lapse”) is associate professor of theoreti-
cal physics at the California Institute of
Technology. He was graduated from
Cal Tech in 1962 and received master’s
and doctor’s degrees from Princeton Uni-
versity in 1963 and 1965 respectively.
In 1965-1966 he was a postdoctoral fel-
low in physics at Princeton; from then
until he took up his present post this
year he was a research fellow in physics
at Cal Tech. Before beginning his cur-
rent research, which he describes in his
article, he made experimental studies of
the structure of atomic nuclei, using a
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cyclotron at Princeton; did theoretical
research on synchrotron radiation from
stars and planets with dipole magnetic
fields (he writes that “this work, when
combined with astronomical observa-
tions, has yielded information about the
Van Allen radiation belts of Jupiter”),
and mathematical research in general
relativity theory with the objective of
discovering and describing new physical
phenomena peculiar to that theory.

W. EHRENBERG (“Maxwell’s De-
mon”) is professor of experimental phys-
ics and head of the physics department
at Birkbeck College of the University of
London. He writes: “Apart from 10 years
in industry I have held various academic
posts since I was graduated in 1924. As
a student I was almost equally interested
in moral and social philosophy and in
physics. In my early postgraduate years
in Berlin the weekly colloquia, which
were regularly and actively attended by
such leading physicists as Planck, Ein-
stein, von Laue, Nernst and Schrodinger,
provided a unique education in the
appreciation of scientific achievements.”
Of his present activities Ehrenberg says:
“Naturally I spend much time talking to
students, colleagues and administrators,
probably more than in teaching and in
research. Still, occasionally a little time
or strength is left for other occupations.
I like reading, mainly novels, history
and philosophy. I do some gardening,
carpentry and those crafts that keep a
house together and that my wife and my
teen-age daughter ask me to apply.”

SUZANNE W. T. BATRA and
LEKH R. BATRA (“The Fungus Gar-
dens of Insects”) are biologists at the
University of Kansas; Mrs. Batra is a re-
search associate in the department of
entomology and her husband is associate
professor of botany. Mrs. Batra was
graduated from Swarthmore College in
1960 and obtained a Ph.D. from the
University of Kansas in 1964. At Kansas
she has been primarily studying the be-
havior and ecology of various social and
solitary wild bees. Her husband, a native
of India, received a Ph.D. from Cornell
University in 1958 and then taught for
two years at Swarthmore. At Kansas he
teaches mycology and plant pathology.
He is currently working at the National
Fungus Collection of the U.S. Depart-
ment of Agriculture in Beltsville, Md.

CHARLES F. HOCKETT, who in
thisissuereviews Biological Foundations
of Language, by Eric H. Lenneberg, is
professor of linguistics and anthropolo-
gy at Cornell University.



UOP doesn’'t mess with Dick Butkus

Caravelle Mainliner: United Air Lines

When UOP designs its Aerotherm® seats, you can bet we look out
for All-Pro Chicago Bear linebacker Dick Butkus. For, after a tough
day at the office—greeting the Detroit Lions or shaking hands with
the delegates from Green Bay—Dick insists on comfort, and no
annoyances. When he wants the seat to recline, it had better;
and just right.

The UOP Transportation Equipment Group wants NFL players
to have it soft; to travel home in restful ease and blissful comfort.
Each UOP Aerotherm seat is built to absorb brutal punishment
from big pros, while accommodating passengers of all sizes—
even a petite “five” who's had a bruising day, too, at a typewriter.
UOP technical competence is engineered into every Aerotherm seat.

Universal Oil Products Company / Des Plaines, lllinois 60016

the better ideas are at l!
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This seagoing scientist is
helping oceanographers fathom
the mysteries of the deep.

What's he doing at IBM?

IBM’s Ed Coughran is a scientist who applies mathematics to
ocean studies. He is assigned to work with Scripps Institution of
Oceanography of the University of California, San Diego. One of
his jobs is to help oceanographers at sea as they struggle to
gather information—in fair weather or foul, 24 hours a day.

“On a cruise,” says Coughran, “oceanographers collect thou-
sands of facts. But ordinarily, they don’t have time to analyze this
information until they return to port. If they find something inter-
esting, they can’t do anything about it until next time out—so
things move slowly.”

Ed Coughran thinks he has a way to help oceanographers
speed things up: by going down to the sea with computers.
Coughran is helping to install an IBM computer aboard the
research vessel, Thomas Washington, for a trip into the
tropical Pacific. Scripps’ oceanographers want to
learn more about this lonely, largely unexplored
stretch of sea.

The computer, through sensing equipment, will
be able to collect and store facts on water tem-
perature, salinity and pressure.Then, analyze
it immediately. This means oceanographers
can formulate new theories and gather the
facts to test them while still in the Pacific.
This and other information about the
ocean can serve mankind in many ways—
for example, in helping us exploit the food
resources of the undersea world. And it’s
cne more demonstration of how IBM ex-
perts—like Ed Coughran—are using com-
puters to help solve information problems
of all kinds, ashore or afloat.
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Tin Free Steel

(Advertisement )

Metallic chromium and a chemical passivation combine to produce

a coating on steel strip that is extremely thin, highly corrosion resistant

and likely to result in superior steel containers.

by E. J. Schneider, Research Supervisor

in cans, which are, of course,

made from a sheet of steel
covered by a thin layer of tin,

are the most familiar of all me-

tallic containers. In recent years, how-
ever, the container industry has been
undergoing a revolution in materials,
and the prominence of the tin can is now
challenged by competitors such as the
aluminum can and the latest entry into
the field, the “tin free steel” (TFS) can.

Replacement of tin plate by a sub-
stitute material is not simple. Tin per-
mits soldering the side seam of the can
at high speeds and provides corrosion re-
sistance. Therefore, the new product has
required the development of alternate
ways to join the side seam, such as with
adhesives, and the use of other types of
protective coatings, such as improved
organic enamels. It has been shown that
bare steel will not serve as an adequate
base for the enamels, or provide corro-
sion protection in the area of a ruptured
film. These requirements have led to the
evolution of a new class of coated prod-
uct, a chromium plated can stock.

During early phases of seeking a coat-
ing system for steels for application in
the enameled, adhesive side seam con-
tainer, researchers examined various me-
tallic and non-metallic materials which

could be deposited on steel strip at high.

strip line speeds (1,000 feet per minute
or greater). It soon became evident that
chromium-based systems offered both
the required physical and chemical
properties, plus ease of application.

Chemical passivation treatments in-
volving chromium salts (such as CrOs
or Na:Cr.0+) have long been employed
to provide increased corrosion resistance
to steel, galvanized steel and tin plate.
However, chemical passivation treat-
ments did not by themselves provide the
combination of corrosion resistance and
enamel adhesion required. On the other
hand, deposits of metallic chromium
alone afforded more corrosion resistance,
but tended to stain under the organic
coating when made into cans and
packed with certain foodstuffs. How-
ever, by applying metallic chromium
plus a chemical passivation treatment
the properties required by the can man-
ufacturers were obtained. If we consider
the amount of surface covered by rust
on a steel sample after exposure to a

laboratory corrosion test, we find a strik-
ing decrease in the rusting of a sample
given the duplex (chromium plus pas-
sivation) treatment. This is shown in
Table 1.

Treatment % Rust
Chemical Passivation 90
Chromium Only 3

Chromium -+ Chemical Passivation <1

Table 1—Rust after exposure

The chemical treatment permits reduc-
tion of the metallic chromium to very
thin layers (.2 to .4 microinches, or 50
to 100 Angstroms).

Some of the more interesting informa-
tion on these coatings arises from at-
tempts to characterize the films. Prob-
lems are encountered because of the
very thinness of the films (a .2 micro-
inch coating of chromium, if distributed
evenly, would be only on the order of 20
atoms thick). Several techniques are
used to evaluate the thickness and na-
ture of the films. For example, the direct
measurement of extremely thin chro-
mium layers in the tin free steels is very
difficult by even advanced metallo-
graphic techniques. However, if a

Youngstown @ Steel

THE YOUNGSTOWN SHEET AND TUBE COMPANY « YOUNGSTOWN, OHIO 44501
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sample is placed in an electrolytic cell
and made the anode, the flms are dis-
solved as current flows through the cell.
This is the reverse of the electroplating
process. When the potential of the sam-
ple is measured against some standard
electrode, a plot of potential vs. time
will reveal the thickness of the chromi-
um layer, since the time required to re-
move a uniform coating is proportional
to the amount of material in the coating,.

Electrolytic techniques which deter-
mine thickness, however, give us only
part of the story.

¢I},-: T S
oA v

v ok
P

Figure 1—TFS Film 10,000X

Figure 1 shows an electron micro-
graph of a composite surface coating re-
moved from a sample. By electron dif-
fraction, the presence of metallic chro-
mium and Cr:Os has been verified in this
film. The integrity of the film, i.e., its
relative freedom from cracks or voids
as might be anticipated in chromium
electro-deposits, is undoubtedly due to
the extreme thinness of the deposit, and
plays an important part in the corrosion
protection which it provides.

These characterizations are, by them-
selves, only of limited interest. Simulta-
neous programs involving research on
the plating process and evaluation of the
coated steels in bothlaboratory tests and
actual use (pack) tests are also under
way. In this way, research correlates all
phases of the container material investi-
gation. By gaining insight into the struc-
ture and properties of coatings like the
one described above, steel researchers
can develop superior products which
can be effectively produced.

The work on TFS and other coatings
for steel is only a small part of the con-
tinuing investigations being conducted
at Youngstown’s Research Center on
steel as a basic material. If you believe
that Youngstown Research could help
you as a user of steel, call us or write
Department 251B8.
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The Sociology ol the Nobel Prizes

The prizes in science have such prestige that they affect institutions
as well as the individuals who win them. An analysis of the American

prizewinners, with special reference to their origins and their fate

or a few weeks each winter the city
Fof Stockholm becomes the capital

of the international community of
science. The bestowal at this season of
the Nobel prizes—in physics and in
chemistry by the Swedish Royal Acad-
emy of Science and in physiology and
medicine by the Royal Caroline Insti-

by Harriet Zuckerman

tute—confers on their winners the ulti-
mate accolade. No other award brings
comparable prestige. The Nobel Prize is
regarded not only by laymen but also
by scientists as the most honorific recog-
nition of scientific achievement. For ex-
ample, nearly all of some 1,300 Ameri-
can physicists ranked it in a survey

ahead of such older or richer prizes as
the Rumford Premium, the Enrico Fermi
Award or the Albert Einstein Medal.
The prestige of the Nobel Prize is so
great that it enhances the standing of na-
tions and institutions as well as the repu-
tation of its “laureates.” The fall of Ger-
many from preeminence in science and

3

b

V'

GROUP PICTURE OF NOBEL PRIZEWINNERS made at a
White House dinner in 1962 includes a substantial fraction of the
71 American “laureates” in science discussed in this article. Seated
in the front row are Georg von Bekesy, Pearl Buck, Rudolf L.

Méssbauer, Mrs. Ernest Hemingway, President Kennedy, Mrs.
George C. Marshall, Melvin Calvin, Mrs. Kennedy and Robert Hof-
stadter. Standing are William Shockley, Lester Pearson, E.C. Ken-

dall, Joseph Erlanger, W. P. Murphy, Peter J. W. Debye, Philip S.
Hench, Victor F. Hess, C. N. Yang (rear), Arthur Kornberg, Owen
Chamberlain (rear), Carl D. Anderson, I. I. Rabi, Thomas H. Wel-
ler, Fritz Lipmann, Albert Szent-Gyorgyi, E. A. Doisy, John Bar-
deen (rear), C. F. Cori, H. J. Muller, W. F. Giauque (rear), Selman
A. Waksman, Harold C. Urey, F. C. Robbins, W. M. Stanley and
Edwin M. McMillan. Eight others in the photograph are obscured.
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ALL THE NOBEL PRIZEWINNERS in science are given in the

list on these two pages and the following one. The prizewinners

the ascendance of the U.S. is sometimes
reckoned by the number of Nobel prizes
won by the nationals of the two coun-
tries. In the U.S, as this country has
moved up to first place in the cumula-
tive total of prizes bestowed, the claim-
ing and counting of prizewinners has
come to serve as a mode of competition
for prestige among the country’s univer-
sities, colleges and research organiza-
tions, including even the most prestig-
ious of them.

Although such competition seems
trivial, it is serious business. All manner
of organizations need to appraise their
performance. Business enterprises seize
on percentage of profit and growth of
sales and assets. For academic and scien-
tific institutions there are no comparably
objective and precise measures of accom-
plishment. When it comes to the train-
ing of scientists and the support of their
work, the Nobel prizes are assumed to be
one relatively objective measure of how
well institutions are doing. To put the
matter quite simply, therefore, what does
the counting of Nobel prizes tell about
the performance of the institutions of
higher learning that claim their winners?
The inquiry described here undertakes

26

= Q = g )
© O — 4 (]
. o) o g e =
< @ > 5| 2
SIS = t 2@ < o
< Qo = < < < ) o
5] < o > [ Q =
= [8} %) = 5 o
L c o o > 5] = \©
=W X P NG &) o fas]
+ °
3 £ I
= [ o) 2 ©
< 2 o
fiv} < o)
= 2 x©
= =
o = o 5 ;
- o
»E’ o -E = -]
= b7 o =] s
@ o = o ®
()
T
- <l e} %
) £ o )
= c - c
S 21 o | E o %
K ocl2| £ |% 3 .
2 () -
- 0% S/ |3 5 = T-
(0] = :
= sz lz |0 |E|g|3=2
- Q ~ - = © =5 o
£ 8s|l=|<c|sg e S 33
a s O c o = = c T ©
5 O} § 5 5 g g
i So| 8= |06 ¥ | 8| 0o

to answer this question from a survey of
the self-appraising official publications of
the universities, from biographical data
on the laureates living in the U.S. and
from interviews with 41 of them.

All the 24 American institutions with
which 57 Nobel prizewinners are now
(or, more precisely, as of the academic
year 1966-1967) affiliated derive honor
from these men. The University of Cali-
fornia at Berkeley takes pride in the
presence on its faculty of 10 prizewin-
ners (including professors emeritus),
Harvard University in having nine. Co-
lumbia University and Stanford Univer-
sity each have five.

The spread of glory does not, how-
ever, stop at present affiliation. Every in-
stitution with which the prizewinners
have been affiliated at any time and in
any way can and does take pride in the
fact. A survey of official documents of
these institutions shows there are at least
10 kinds of affiliation that serve as
grounds for public claim to a Nobel
prizewinner. He can be claimed by the
institution at which he did his under-
graduate work and by the one from
which he got his doctoral degree. Some
institutions claim him if he studied there

© 1967 SCIENTIFIC AMERICAN, INC
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who are credited to the U.S. are indicated in heavier type. The cri-
terion for so crediting them is whether or not the work for which

without getting a degree. A postdoctoral
year or two may also suffice for a claim.
Membership on a faculty in any rank,
from research assistant to full profes-
sor, establishes a legitimate connection,
whether the scientist held his appoint-
ment before, during or after he did his
prizewinning work. Presence at an insti-
tution at the time the award is made, or
after that, also justifies a claim. At the
end of the prizewinner’s career, when he
takes a visiting professorship after his
official retirement, he brings honor to his
new employer. The prestige of the No-
bel Prize is such that 80 percent of the
institutions that can lay claim to a prize-
winner on the basis of any one of these
ties do so.

Reckoning of this kind has several in-
triguing consequences. In the first place
it multiplies the presence of the prize-
winner and brings honor to a number of
institutions much larger than the num-
ber of prizewinners. The 409 different
affiliations of the 76 men who were in the
U.S. at the time they won the prize (the
basis on which national claims are usual-
ly grounded) allows them to be claimed
by 141 institutions. Academic mobility
thus expands the pool of institutional

dy, Richard

Franck, James
Hertz, Gustav
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they received the prize was done in this country. For example,
James D. Watson (see continuation of this list on next page) is an

prestige. At one extreme, the biochemist
Fritz Lipmann can be claimed by 11
institutions and the chemist Harold C.
Urey by 10. On the other hand, there are
three prizewinners who can be counted
only once because each spent his entire
career at a single university: the physi-
cist Carl D. Anderson (the California In-
stitute of Technology), the physicist P.
V. Bridgman (Harvard) and the physical
chemist W. F. Giauque (the University
of California at Berkeley).

The present inquiry has not attempted
to determine whether the claims laid to
prizewinners in all the diverse capacities
mentioned carry equal weight with the
audiences to which they are directed,
nor even whether close ties to a single
laureate throughout his career brings
greater advantage to an institution than
more tenuous ties to a large number of
men associated for shorter periods. The
claims themselves, however, and the
manner in which they are put forward
tell much about the relative standing of
institutions.

I* or the most part institutions are re-
markably precise in characterizing
a prizewinner’s affiliation with them.

fj -
| e - | < w15
a © & = <
. T 1) (o)) Q ©
2 T e ol ©
S R= = O g
£ s ZIe E
S g g 2 £
3 a T 5
= n a3
0! z
o L ) z
a
Q 9}
8
@)
a o]
c = Do c
8 O s S &
O =
2 o G
= o c
5 & G
p= = z
T o an

Washington University counts the bio-
chemist E. A. Doisy in its roster of prize-
winners with the qualification that he
“did most of his work at St. Louis Uni-
versity [but] served for a time on the
Washington Medical School faculty.”
The University of California at Berkeley
shows the same care in claiming the bio-
chemist J. H. Northrop: “[He] has been
a member of the Rockefeller Institute
since 1916, contributing the major part
of his numerous research accomplish-
ments at the Institute’s former laboratory
in Princeton. He came to the University
of California in 1949, but has continued
to serve as a member of the Rockefeller
Institute.” By such precision institutions
concede the legitimacy of competing
claims and avoid embarfaSsing accusa-
tions of encroachment bv others. By the
same token thev are able to extend their
claims to men whose association mav
have been slight, to say the least; implicit
in the careful specification of claims is
the assumption that any claim is justified
as long as it is spelled out. As a result the
geneticist H. J. Muller appears on the
Cornell University list on the ground that
he spent a year there as a student; the
physicist Ernest O. Lawrence, on the

© 1967 SCIENTIFIC AMERICAN, INC

2
- © k]
2 o
s 2 3 .
< . g0 n | i
S S o - 2o
E JI LuL/)I LLES
w - .
Il 35| 22 - [SRUIE
= c v o @ s = O
E2| 52|l §85|5 = B
c e = c C o
o0 WO oo = OO I
@
e
&
A
@’ = ;5
.
A £ < _’g’_; IS
¢ |& | 525 8
[ o £ = c
T = 5 EES o
© © = S O + o
© T > nzun o
°
©
2
;’ kel
w
Q.. —
5 = %
S |z | =
z 3
(4 1 o
2 |3 1%

American, but because his main work on the structure of nucleic
acids was done while he was in Britain it is not credited to the U.S.

University of Chicago list because he be-
gan his doctoral work there under the
Nobel prizewinner R. A. Millikan, and
the Swedish chemist Arne Tiselius, on
the Princeton University list because he
spent a postdoctoral year at the Frick
Chemical Laboratory. The Princeton list
also includes the physicists P. A. M. Di-
rac and Wolfgang Pauli on the basis of
visiting professorships. The short career
of Rudolf L. Mossbauer at' Cal Tech and
of Hideki Yukawa at Columbia qualify
them for inclusion on the lists of those
universities because they happened to be
there at the time the award was made.
Chicago stakes a claim to Eugene P.
Wigner and Glenn T. Seaborg on the
basis of their wartime work in the Metal-
lurgical Laboratory of the Manhattan
project, which was housed on the Chi-
cago campus.

These claims are the principal but not
the only means used by institutions to
assert publicly their association with
Nobel laureates. The Case Institute of
Technology, for example, has established
the Michelson Prize to honor its first
professor of physics and America’s first
Nobel laureate in any science. And City
College of the City of New York has
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LIST IS CONTINUED from the preceding two pages. Where there
are blanks in the list no prize was awarded in that category that
year; this is notably true of the war years 1916, 1940, 1941 and 1942.

given a prize to Arthur Kornberg, its
first alumnus to win “the prize”—pos-
sibly the first time a man has won an
award for having won an award.

Certain institutions observe self-deny-
ing ordinances that limit their claims
to laureates. Harvard does not list its
laureate-alumni, nor does it count men
who were on its faculty at some time
or another before or after winning the
prize. It claims only those who did
their prize-winning research at Harvard
and those who were on its faculty when
the award was made. The University
of California at Berkeley observes the
same restraints but counts its alumni
as well. Rockefeller University, listing
the names of six laureates in its cata-
logue, gains prestige by the inverse
strategy of making no published claims
atall.

kind of stratification can thus be

observed in the style with which
institutions wrap themselves in the No-
bel mantle. The same stratification ap-
pears in the way they invoke other
indicators of their standing and perform-
ance. Higher-ranking universities con-
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fine themselves to mentioning winners
of major scientific awards; those at the
second and third levels of prestige do not
neglect what award winners they have
but will also indicate, for example, which
faculty members hold office in scientific
societies. Those at the lowest level are
confined to using such indicators as the
number of papers published by their fac-
ulty members, which are the best they
can muster. This pattern reflects the fact
that the choice of measures of perform-
ance available becomes increasingly lim-
ited at successively lower ranks. Top-
ranking universities could use most of
the indicators mentioned by those
ranked below them; they do not choose
to do so. Whatever form the “publish or
perish” syndrome takes at Berkeley or
Harvard, it does not take the form of
toting up the number of faculty publica-
tions. Their laureates and academicians
provide them with much loftier measures
of institutional accomplishment.

It should be noted, by the way, that
universities are not the only institutions
to seek in the counting of Nobel prizes
an objective measurement and affirma-
tion of their performance. The Guggen-

© 1967 SCIENTIFIC AMERICAN, INC

Three of the German prizewinners (Kuhn, Butenandt and Do-
magk) were not allowed to accept the prize during the Nazi period.
After the war they were given the prize without the cash award.

heim Foundation, with its modest sti-
pends covering all fields of learning and
the arts, takes understandable pride in
the finding that it supported the work of
12 Nobel prizewinners in the sciences
before they won the prize. The Rocke-
feller Foundation, with much larger pro-
grams of support for science, can claim
to have sponsored nearly 100 laureates,
“almost always before [they] received
their prizes.” Even the National Acad-
emy of Sciences must stand scrutiny
on this standard of performance. The
Academy itself has not, of course, pub-
licly assessed its own prescience. Writing
in Science, however, D. S. Greenberg
reports the finding that the Academy
had elected, before they won the prize,
36 out of the 45 U.S. scientists who have
won the prize since 1950. Finally, it can
be said of Scientific American that it has,
in its coverage of a much greater diver-
sity of science than that recognized by
the Nobel prizes, published the work of
17 prizewinners before that work won
them the prize.

The grand total of “American” Nobel
prizewinners in the sciences can be
counted in various ways. If it is taken



to include those who emigrated to this
country after they won the prize, as
Enrico Fermi and Albert Einstein did,
then the number is 82. If one restricts
the count to those who were in this
country when they received the award,
the total is 76; if to those who were here
when they did their prizewinning work,
then the total is 71. A stricter measure
of the performance of the country’s uni-
versities in identifying and nurturing
scientific talent is the number of prize-
winners who got their doctoral training
at these universities; that number is 58.
In all, they received their degrees from
16 institutions. Half of them were
trained at only four: Harvard, Columbia,
Berkeley and Princeton. The concentra-
tion of laureates-to-be in this small num-
ber of universities reflects to some extent
the concentration of doctoral training.
Only four universities have trained 20
percent of all the Ph.D.’s in physics,
chemistry and the biological sciences
since 1920. These four are Chicago, the
University of Illinois, Berkeley and the
University of Minnesota—not the same
four that produced half of the laureates.
The latter four bestowed only 14 percent
of the doctorates and therefore trained
far more than their proportionate share
of these distinguished scientists.

That does not necessarily mean that
these universities are superior. Nor does
it mean the opposite: that one university
is as good as another. What the figures
do show, at the very least, is that the fu-
ture laureates were more apt to seek ad-
mission to certain graduate schools and
to be accepted by them. There is evi-
dence of a high degree of discrimination
on both sides of these transactions. A
physicist laureate, comparing his ap-
proach to the choice of his “master” and
graduate school with that of his con-
temporaries, declared: “Many students
are just silly [about] the way they go
for professors. They just don’t know;
they are very innocent. I was far from
innocent...I made my own judgment.”
In the same vein another physicist laure-
ate remarked: “T was attracted by [his]
name . .. I know enough about physics to
appreciate him, to appreciate his style.”
It so happens that both of these men
were discussing Enrico Fermi. The rec-
ord suggests that Fermi, for his part, had
quite a talent for identifying young men
of promise; no fewer than four of his
graduate students and junior collabora-
tors went on to win the Nobel Prize. Al-
though few laureates claim a talent equal
to Fermi’s, most of them believe they
can recognize a promising student when
they come across him. They are what the
sociologists Paul Lazarsfeld and Robert

Merton of Columbia call “scientific truf-
fle dogs.” One laureate responds to ques-
tioning on this subject with exuberance:
“Oh, I'm wonderful!” Such a combina-
tion of self-selection and eagerly selec-
tive recruitment would indeed tend to
concentrate the talented students in a
small number of graduate schools.

It is also possible that these concen-
trations of future laureates in a few uni-
versities result in part from differential
visibility. Young men who take their de-
grees under distinguished scientists who
themselves are concentrated at a few
institutions are inevitably more visible
to senior scientists who count, that is,
the men who allocate research funds and
facilities and who, indeed, participate in
the selection of Nobel prizewinners. This
hypothesis is consistent with the fact
that the laureates who trained at the
most prestigious institutions received
the prize, on the average, at the age of
47, more than 10 years earlier than men
trained elsewhere; this difference holds
within each field.

The presence of great teachers ac-
counts in part for the differential
distribution of prizewinners among uni-
versities by field of work. Thus the prom-
inence of Berkeley in chemistry can be
traced to the fact that every one of its
laureates in chemistry studied under
G. N. Lewis—one of the several truly
great scientists overlooked in the award
of the Nobel Prize. The attraction of
Fermi brought C. N. Yang and T. D. Lee
from China to Chicago. On the other
hand, no single teacher accounts for the
appearance of Princeton in first place
in the training of laureates in physics.
Princeton produced its five prizewinners
over the long period from 1911, when
C. ]J. Davisson got his degree, to 1942,
when Richard P. Feynman received his.

The universities that rank first in the
production of prizewinners also rank first
when it comes to the retention and re-
cruitment of future prizewinners on their
faculties. Although most of these men
were “early bloomers,” few were truly
eminent before beginning their prize-
winning research. One measure of the
performance of a university is its record
in the recognition of such promise. It is
significant, therefore, that the 12 lead-
ing universities managed to identify and
to retain these scientists of exceptional
talent; they kept 70 percent of the fu-
ture laureates on their faculties after
they had received their doctoral degrees,
compared with only 28 percent of other
Ph.D.’s they trained. The same 12 uni-
versities recruited to their faculties half
of the laureates-to-be who trained else-
where, these men being among the 6
percent of the graduates of lesser schools
who found appointments in the elite uni-
versities.

Again, it can be argued that visibility
works in favor of the scientist thus se-
lected. A crude test of this hypothesis is
provided by consideration of the time
lag between accomplishment of the
prizewinning work and the award of the
prize. It turns out that men who did
their work at the top 12 universities
waited on the average 8.6 years for the
prize, whereas men who did their work
elsewhere waited 10.7 years. The differ-
ence is not great, but it holds for each
field. An appointment outside the top
12 universities thus delays but scarcely
precludes the winning of the prize.

With their commanding lead in the
training, retention and recruitment of
laureates-to-be, the same group of uni-
versities naturally provide the setting
for prizewinning research. The number
of prizes now to be accounted for totals
71, won by 57 American-trained scien-

MEDALS that accompany the Nobel science awards show, in the case of the physics and
chemistry prizes (left), the allegorical figure of Nature being unveiled by Knowledge and,
for the prize in physiology and medicine (right), Healing in the act of comforting the sick.
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tists, 12 Europeans and two Americans
who got their doctorates abroad. Har-
vard, Columbia and Berkeley in that or-
der were the sites for the work of 40 per-
cent of the laureates; in all, prizewinning
work was done at 22 institutions, among
them the Bell Telephone Laboratories
and the General Electric Research Lab-
oratory. Harvard and Berkeley again
appear in first place in the life sciences
and chemistry respectively, whereas
Columbia replaces Princeton in physics.

With this background we can better
understand how it is that 33 laureates-

COUNTRY

PHYSICS

Argentina
Australia

Austria

Czechoslovakia
Denmark
Finland

France

Germany

Ireland

Italy

Japan

The Netherlands
Portugal

Spain

Sweden
Switzerland
Republic of South Africa
u.sS.

US.S.R.

Total

to-be had taken their doctorates or
worked, as young men, with 38 prior
prizewinners. The prizes again follow
two patterns of distribution. On the one
hand, there is the clustering of prizes
around one line of work. All but one of
Berkeley’s seven physicists and chemists
did much of their work in the laboratory
of Ernest O. Lawrence. 1. I. Rabi, whose
work on the magnetic properties of nu-
clei won him the Nobel Prize, attracted
three future prizewinners, Willis E.
Lamb, Polykarp Kusch and Charles H.
Townes, to Columbia’s Radiation Lab-

PHYSIOLOGY

CHEMISTRY AND MEDICINE

CITIZENS OF 25 NATIONS bhave received Nobel science awards. In this table the Re-
public of South Africa is included because Max Theiler, prizewinner in medicine in 1951 for
his studies of yellow fever at the Rockefeller Foundation, is a citizen both of that country,
his birthplace, and of Switzerland. The number of French laureates includes Marie Curie
under both physics (shared with her husband in 1903) and chemistry (hers alone in 1911).
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oratory. On the other hand, the work at
Harvard that won prizes for eight life
scientists was spread over many years
and a great diversity of specialties, from
virology to psychoacoustics.

In view of the time lag between the
doing of the work and the awarding of
the prize, it is something of a test for a
university to hold on to a laureate-to-be
whose light has begun to shine—at least
among the colleagues in his own field.
In the face of presumably frequent and
tempting offers from outside, however,
73 percent of the winners were at the
universities where they had done their
work when the word came from Stock-
holm. Of the 19 men who did migrate
during this interval, four stayed within
the top 12 universities and six came in
from outside. Harvard and Berkeley
each retained all their future prizewin-
ners, 12 and seven of them respectively.

A's some three to nine additional scien-

tists will discover in the 1967 Nobel
season, winning the prize is an unset-
tling experience. That is the testimony
of all the prizewinners interviewed in
the course of the present inquiry. A
physicist declared: “Very few people
have survived it with a whole skin.” A
new laureate finds himself subjected to
a variety of demands and obligations
laid on him by his colleagues, his uni-
versity, the government, the press and
the public at large. André Lwofl of the
Pasteur Institute in Paris, who shared
the 1965 prize in physiology and medi-
cine with his colleagues Jacques Monod
and Francgois Jacob, described the ex-
perience:

“We have gone from zero to the condi-
tion of movie stars. We have been sub-
jected to what may be called an ordeal.
We are not used to this sort of public
life, which has made it impossible for us
to go on with our work. ... Our lives are
completely upset.... When you have
organized your life for your work and
then such a thing happens to you, you
discover you are faced with fantastic
new responsibilities, new duties.”

Some laureates are better prepared for
this ordeal than others. For those who
have already won eminence the prize is
only a capstone. Thus Eugene Wigner,
recognized by his colleagues for years as
an uncrowned laureate, had already won
many awards, including the $50,000
Enrico Fermi Award, and was a member
of two national academies. A man of
similar eminence has said: ‘“T've not
found the Prize a burden.... It can be
one very easily if you start accepting all
the invitations.... But I've never done
that. I've tried to limit this business...



LAUREATES

AFFILIATED AS LAUREATES LAUREATES LAUREATES
RECIPIENTS OF DOING PRIZE- AFFILIATED CURRENTLY
DOCTORAL WINNING WORK AT TIME ACTIVE ON
INSTITUTION DEGREE AT INSTITUTION OF AWARD STAFF
Harvard University 1

Columbia University

University of California at Berkeley
University of Chicago

California Institute of Technology

Princeton University

s Hopkins University

Stanford University

Cornell University

University of Rochester

Rockefeller University

University of lllinois

Massachusetts Institute of Technology
Mayo Clinic

University of Minnesota

University of Wisconsin

Yale University

Case Institute of Technology

General Electric Research Laboratory
University of Indiana

Institute for Advanced Study
University of Michigan

New York University

University of Pittsburgh

Rockefeller Foundation

Rutgers University

St. Louis University

University of Texas

University of California at Los Angeles
University of California at San Diego
Western Reserve University
Beckman Instruments

Carnegie Institution of Washington

State University of New York at Stony Brook

AMERICAN LAUREATES’ CAREERS, from the time of their
graduate work through the academic year 1966-1967, have seen
them affiliated at one time or another with 29 universities, three in-
dustrial laboratories, two institutes, one clinic and one foundation.

The top five organizations, among them, have educated or em-
ployed more laureates-to-be and laureates than the other 31 com-
bined. Charles H. Townes, professor-at-large of the University of
California, is numbered among the eight Berkeley prizewinners.
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only to those cases where I have a special
interest or a special friendship. So I
haven’t let it be a burden.” For other
laureates, otherwise unrecognized at the
time of the award, the prize makes for an
abrupt change of status. One laureate,
who had been thrust into sudden emi-
nence, complained: “I want to get rid of

INSTITUTION

Harvard University

Columbia University

University of California at Berkeley
University of Chicago

California Institute of Technology
Princeton University
Washington University
Johns Hopkins University

Bell Telephone Laboratories

Stanford University

Cornell University

University of Rochester

Rockefeller University

Jruversity of Illinois

husetts Institute of Technology
Mayo Clinic

University of Minnesota

University of Wisconsin

Yale University

Case Institute of Technology

General Electric Research Laboratory
University of Indiana

Institute for Advanced Study
University of Michigan

New York University

University of Pittsburgh

Rockefeller Foundation

Rutgers University

St. Louis University

University of Texas

LAUREATES-TO-BE received their graduate degrees from 15 U.S.
universities and did their prizewinning work either at nine of the
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RECEIVED [
DEGREE FROM—[ DID YRR &1

a lot of the honors and get back to work.
But how do you do it? You have to dis-
charge a certain number of obligations
and fight off new ones. ... At the present
time it’s difficult for me to keep going
because of all this extraneous honor.”
The difference in the character of the
experience for laureates thus roughly

PHYSICS |
RECEIVED
| DEGREE FROM |

+ S—
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CHEMISTRY

|
| DID WORK AT

classified in two groups is evident in
their rate of publication, a commonly ac-
cepted index of productivity. Although
the prize was conceived of as a stimulus
to further achievement, it often has the
opposite effect. The productivity of the
American prizewinners falls by a third,
from an average of 6.2 papers in the five

PHYSIOLOGY AND MEDICINE

RECEIVED
DEGREE FROM

o]

{DID WORK AT

8

same 15 or at one of 15 additional universities and institutions.
The same five universities continue to occupy the five top positions.



years preceding the prize to an average
of 4.2 papers in the five years that fol-
low. The greater the increment of pres-
tige brought by the prize to the individ-
ual scientist, the greater the immediate
decline in productivity. Among the men
honored before they were 50 years old,
the productivity of the already eminent
dropped off only 9 percent, compared
with a decline of 24 percent for those
whom the prize catapulted into celebri-
ty. Older laureates understandably show
greater decreases in productivity, and
the differential between the more and
the less eminent is still greater, 28 per-
cent compared with 49 percent. This
finding is consistent with the observa-
tions of the great 19th-century French
sociologist Emile Durkheim concerning
the disruptive consequences of rapid
change in social rank—including even a
high incidence of suicide among the sud-
denly nouveau riche.

For many the award has the effect of
erecting barriers between them and their
colleagues. Collaborations, sustained for
some years before the award, tend to
terminate. A physicist who shared the
prize tersely put it: “Questions of credit
and who did what started coming up.”
So it turns out that collaborations of
single winners and their principal col-
leagues break up sooner, an average of
3.6 years after the award, than the col-
laborations of pairs of winners, which
persist for an average of 5.4 years—and
two such collaborations are still con-
tinuing beyond this period.

A happier reflection of the change of
status following the award is the no-
blesse oblige exhibited by the laureate
in the allocation of first-authorship on
collaborative papers. Working with lau-
reates, as many of them did, the laure-
ates-to-be had first-authorship on 60 per-
cent of these jointly authored papers,
and their masters took first place on only
16 percent of them. Then, as they them-
selves became more secure in higher
rank, they in turn yielded first place to
their juniors. The more eminent future
laureates were twice as generous in this
regard than the less eminent, taking first-
authorship on only 17 percent of their pa-
pers, compared with 34 percent for the
others. After the award the practice of
the two groups becomes much the same:
their names appear first on only 13 per-
centof all collaborative papers. In a crude
sense the Nobel Prize serves to bring the
standing of the two groups into parity.
There is a widespread impression that
the award of the prize and the competi-
tive bidding for “stars” brings an in-
crease in the mobility of the laureates

OSTWALD T. W. RICHARDS

LANGMUIR
NERNST

/\

MILLIKAN

BOHRA

SCHROD\NGERé

BORN

|

ANDERSON ———GLASER
BLOCH
PAULING
MAYER
LEE

FERMI

YANG

|

STERN

PAULI

COMPTON

SEGRE
SCHWINGER
RABI

\

KUSCH

SEABORG
McMILLAN
LIBBY

LAWRENCE

/\

BRIDGMAN

/

BARDEEN

\

WIGNER

CONTAGIOUS NATURE of laureateship is particularly evident in the physical sciences,
where laureates have been the mentors of laureates-to-be for as many as three successive
“generations.” The chart outlines 26 such relationships, from the time of Wilhelm Ostwald
(1909: chemistry) to 1965, when I. I. Rabi’s student Julian Schwinger won the physics prize.

after the award. In reality they are more
sessile afterward than before: 82 percent
remain at the institutions with which
they were affiliated at the time of the
award. The opposite impression is per-
haps created by the postretirement ap-
pointments by which Princeton, the Uni-
versity of Virginia, the new campus of
the University of California at San Diego
and the University of Hawaii have ac-
quired laureates.

At this writing, prior to the announce-
ment of the 1967 awards, there are a
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total of 57 laureates in science living in
the U.S;; 41 of them hold regular ap-
pointments at universities and research
institutions. As in all other enumerations
in this inquiry, half of them are affiliated
with just four institutions. Two of these
institutions, Berkeley and Harvard, ap-
pear among the top four in all the other
enumerations. The processes of training,
evaluating and allocating scientific talent
appear to operate with some degree of
consistency and effectiveness, at least for
the upper ranges of scientific talent.
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The Feel of the Moon

In September Surveyor V showed that the moon’s surface is not unlike

the earth’s in composition. Six months earlier Surveyor Il had found

that its consistency was also much like a granular terrestrial soil

hen men first set foot on the
moon, what will the ground be
like? Will it perhaps be soft

and powdery, as some have suggested,
or hard and crusty, as has been pro-
posed by others? Such questions have
not been answered definitively by the
many photographs of the moon re-
turned to the earth from various space-
craft, although the photographs have
certainly narrowed the range of spec-
ulation. The most specific evidence has
come from Surveyor III, which was
equipped with a device that could dig
into the surface of the moon and place
samples of lunar material in front of a
television camera for close examination.
The area in which the device operated
was small, and one cannot assume that
it was representative of the entire lunar
surface. On the other hand, it is most
unlikely that the 24 square feet over
which the device probed has proper-
ties found only in that particular place.
Therefore it is reasonable to say that
the samples indicate what kind of sur-
face will be found at least in the gen-
eral area where Surveyor III landed—
an area that is under consideration as
a landing place for the first American
astronauts to go to the moon. The sam-
ples tested by Surveyor III showed a
surface material that in some respects is
not quite like what anyone had expected:
it is granular and rather like loose soil.
Surveyor 111 was one of the more re-
cent space vehicles the U.S. has sent to
or around the moon in preparation for
the Apollo flights that will take men
there. The series began with the Ranger
vehicles, which made closeup photo-
graphs before crash-landing on the
moon. In the second phase, now in prog-
ress, Lunar Orbiter vehicles make photo-
graphs from orbits around the moon
and Surveyor vehicles land softly on
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the moon with cameras and a variety of
instruments. By the end of October
five Surveyors had been launched. The
second and fourth were unsuccessful.
The first, which landed in the crater
Flamsteed on June 2, 1966, sent back
thousands of photographs. The third,
launched in April of this year, also sent
photographs in addition to performing
the digging operation. The fifth, which
landed two months ago, provided photo-
graphs and also carried a device de-
signed to assess the chemical constitu-
ents of the surface to a depth of a few
microns by bombarding the surface with
alpha particles. In this article I shall con-
centrate on Surveyor 111, since it is the
only spacecraft that has actually “felt”
the lunar surface.

The principal aim of the Surveyor se-
ries was to accumulate data that
would be helpful in landing men on the
moon. During the formative stages of
the project an ambitious range of scien-
tific devices had been proposed and
carefully considered in terms of their
complexity, reliability and weight, to-
gether with the character of the infor-
mation they would provide about the
moon. By the end of 1965 the field of
prospects had been narrowed to six: a
television camera to give information on
the topography and geology of the lunar
surface; a micrometeorite detector to
measure the flux of small particles falling
on the moon; a seismometer to record
“moonquakes”; the device to assess the
chemical nature of the surface by bom-
barding it with alpha particles; a “touch-
down dynamics” system to keep track
of the movements of the spacecraft on
landing, and the digger, which bore the
official designation “soil mechanics sur-
face sampler” and was designed to pro-
vide information about the mechanical
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properties of the moon’s surface material.

Before the flights that would carry
these scientific instruments, however,
seven luunchings of engineering space-
craft were scheduled. An engineering
flight is in effect an extension of the
series of tests to which all spacecraft are
subjected on the earth. In these tests
each component of a spacecraft is tested
individually. Then systems of compo-
nents are tested, followed by work with
combinations of systems. Finally all the
systems are put in operation together as
a spacecraft is flown to the moon. The
performance of earlier spacecraft of var-
ious types sent aloft by both the U.S.
and the U.S.S.R. had indicated that sev-
eral spacecraft must usually be launched
before all the engineering defects of the
combined systems can be corrected. The
performance of Surveyors is highly com-
plex, and so it was decided that seven
engineering flights might be needed to
obtain a reasonable probability of a suc-
cessful landing.

Because the first seven Surveyors were
to be engineering vehicles, they were
designed to carry no explicitly scien-
tific experiments except for television
cameras. The only instruments desig-
nated for the vehicles were those intend-
ed to yield information on engineering
performance. Among them were instru-
ments measuring temperature and ac-
celeration at various points in the space-
craft to check preflight calculations. In
addition the craft would carry strain
gauges on the shock absorbers of its
three landing legs to record the loads put
on the legs during landing.

The distinction between an engineer-
ing measurement and a scientific experi-
ment, however, is not always a sharp
one. Obviously the signals from some of
the engineering instruments can be used
in scientific interpretations of the nature



LUNAR SURFACE MATERIAL is deposited on a footpad of the
Surveyor 111 spacecraft for close examination under the spacecraft’s
television camera. Scoop carried by Surveyor III dug the material
from the top few inches of the inside wall of a crater in which the
spacecraft landed. The material was successively photographed

through red, green and blue filters. A computer on the earth super-
posed the colors according to values transmitted by the spacecraft.
J. J. Rennilson of the Jet Propulsion Laboratory supervised the
color assembly. Spacecraft’s color wheel (right), with pale colors

matching spectrum of rocks found on earth, gave check of values.
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TWO TRENCHES dug in the surface of the moon by the surface- by the small scoop at the end of the “trellis” at center; the shad-
sampling device of Surveyor I11 appear in this photograph returned ow of the scoop is sharply outlined on the lunar surface. The trel-
to earth by the spacecraft’s television camera. The digging was done lis was used for extending and retracting the sampling apparatus.
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SANDY CONSISTENCY of the material sampled by Surveyor 111 the sampler was brought into contact with the lunar surface and
is evident in this photograph of the lunar surface made after the pushed downward until the electric motor operating the sampler
sampling apparatus had carried out a bearing test. In a bearing test stalled. The test gauged the mechanical properties of the material.
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of the lunar surface. For example, the
reflectivity of the lunar surface as seen
by the spacecraft’s radar at high resolu-
tion can be compared with the reflectiv-
ity observed at low resolution from the
earth, so that variations from area to
area can be studied. Moreover, the tem-
peratures recorded by some of the
sensing devices in a spacecraft sitting on
the lunar surface depend on the radia-
tion coming from the surface, so that the
temperature of the surface can be calcu-
lated. The loads recorded by the strain
gauges on the shock absorbers can be
interpreted in terms of a soft surface or
a hard one, and so on.

For the purpose of making such scien-
tific evaluations from the engineering
performance of the spacecraft a Survey-
or Scientific Evaluation and Advisory
Team was established. It consisted of a
scientist from the National Aeronautics
and Space Administration, a scientist
from the California Institute of Tech-
nology’s Jet Propulsion Laboratory,
which conducted the Surveyor flights
for NASA, and the six individuals who
had proposed the six scientific experi-
ments I have mentioned. The team met
many times before the flight of Survey-
or I and was together for the flight itself.

After the success of Surveyor I it was
obvious that the accomplishment of all
the engineering objectives on the first
flight compelled a reconsideration of the
plan to have six more engineering flights.
NASA decided to begin the scientific ex-
periments as soon as possible and gave
first priority to the surface sampler. The
reasons were that the photographs from
Surveyor I had indicated a granular sur-
face, in which the digger would be par-
ticularly useful, and that it was desirable
to obtain early information on the me-
chanical properties of the surface in or-
der to advance the Apollo program.

he surface sampler [see bottom illus-

tration on page 39] was a piece of
apparatus left over from a more ambi-
tious experiment that had been planned
and then abandoned for a variety of rea-
sons. In 1963 I had proposed to NASA
some simpler experiments on the me-
chanical properties of the lunar surface,
and it seemed probable that they could
be carried out if certain adaptations of
the surface sampler were made. The
adaptations included adding devices
that would measure the position of the
surface sampler and the amount of force
it would apply to the surface in its move-
ments. The plan was adopted, and I was
designated the principal investigator for
the surface-sampling experiment.

"rmnountuw ¥
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LANDING AREAS of the three successful Surveyor spacecraft are shown. Each area is un-
der consideration as a landing place for the Apollo vehicles that will take men to the moon.

Essentially the surface sampler con-
sists of a small bucket with a door; it is a
miniature version of the scoop on a pow-
er shovel. The bucket is mounted at the
end of an extensible “trellis.” Four elec-
tric motors control the operation of the
sampler. One moves it left and right;
another moves it up and down; a third
extends it and retracts it, and the fourth
opens and closes the door of the bucket.
Each motor will operate, on command
from the earth, for either .1 second at a
time or two seconds. The sampler can
be pushed into the lunar surface with the
door either open or closed. By means of
a clutch in the elevation mechanism the
scoop can be lifted and dropped to the
surface from any height up to 30 inches.
With the door closed a rectangular area
measuring one inch by two inches is
presented to the surface.

The tests devised for the sampler
were in three categories: bearing, impact
and trenching. In a bearing test the sam-
pler is driven down until it is in contact
with the lunar surface. This position is
identified, and the sampler is then driv-
en farther down by a series of two-sec-
ond commands until no more motion is
observed. An impact test involves lifting
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the scoop to various heights and drop-
ping it onto the surface. In a trenching
operation the door of the scoop is opened
and the surface sampler is commanded
to move down into the lunar surface and
then to pull back toward the spacecraft.
The trench can be deepened, widened
or extended by successive passes.

During all these operations telephoto-
lens pictures can be made of the surface
sampler with the spacecraft’s television
camera. The pictures provide qualita-
tive information about the mechanical
properties of the lunar surface. If the
material is soft, the depth to which the
scoop penetrates and the manner in
which the soil deforms give a basis for
interpretations of the nature of the sur-
face. If the material is hard, the way in
which it cracks or breaks when it is hit by
the bucket is informative.

In the original plan for the sampler
some instruments would have been
included to give quantitative informa-
tion. Two strain gauges would have
measured the vertical force imposed on
the surface in a bearing test and the
horizontal force required in a trenching
test. An accelerometer attached to the
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bucket would have recorded the decel-
erations undergone by the bucket in an
impact test. All these measurements
could have been correlated with the
many tests previously made on the earth
with various types of surfaces and ma-
terials.

After the success of Surveyor I, how-
ever, the instruments had to be left off
in order to have a surface sampler ready
for Surveyor II1. The spacecraft is too
complex to accommodate major addi-
tions on short notice, and the engineer-
ing models of Surveyor had no provisions
such as special mounting brackets, wir-
ing harnesses and electronic equipment
for scientific experiments. Moreover,
there was not enough time to make all
the preflight tests that would have been
necessary to establish the reliability of
the instrumented sampler.

The engineering spacecraft did have,
however, a place for a second television
camera to look down on the moon dur-
ing the approach of the spacecraft in
order to identify the landing site. Since
the Lunar Orbiter series had already
provided excellent high-resolution pho-
tographs of the moon, the approach
television camera was not needed on
the Surveyors. Therefore the camera’s
mounting bracket, wiring harness and
electronic controls could be used for the
LANDING SITE of Surveyor III was the shallow crater that appears in the center of this surface Sampler, pl'OVided that the sam-
photograph from Lunar Orbiter I1. The crater is about 650 feet in diameter and 60 feet deep. pler could be adapted mechanically and
electrically to use them.

The major problem was that the tele-
vision camera required only four com-
mands whereas the surface sampler
needed 16. A special auxiliary electronic
device that would use various combina-
tions of the four commands to generate
the 16 was therefore designed and built.
Beyond that the existing equipment
could provide temperature readings at
any one location and measurements of
the current used by whichever motor
was operating at a given time. In coping
with the problem of providing some kind
of quantitative measurement we decided
that quite a good indication of the forces
applied to the lunar surface could be ob-
tained by measuring the current drawn
by the motors. In addition the maximum
forces produced at the bucket could be
estimated by operating the motors until
they stalled.

By the end of 1966 it was apparent
that a sampler experiment thus adapted
could be included on Surveyor II11. We
had also established a sequence of ex-
periments to be carried out by the sam-
CLOSE VIEW of the landing site of Surveyor III is provided in another photograph from  Pler on the moon. Many practice sessions

Lunar Orbiter I1. East is at top; the approximate position of Surveyor III is marked by had been held so that Floyd Roberson,
the white dot. Crosslike mark nearby is one of the reference marks on the photograph.  who was the member of the Jet Propul-
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ANTENNA

SOLAR PANEL

SURVEY TELEVISION CAMERA

_ANTENNA

FOOTPAD 1 - FOOTPAD 3

RADAR

VERNIER ENGINES

CRUSHABLE BLOCK J
23 INCHES '
SHOCK ABSORBER
LEG 2
FOOTPAD 2 SHENGHES
35 INCHES

U
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112 DEGREES
(ABOUT 10 FEET)

SURVEYOR 111 SPACECRAFT had this appearance when it was in
operation on the moon. The band of color shows the area, amount-
ing to about 24 square feet, in which the surface sampler was able

to function. The sampler was contained in its housing during the
spacecraft’s flight from the earth to the moon and was extended and
put through its sampling operations by radio command from earth.
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AZIMUTH

DOOR
& oROUE MOTOR

SPRING
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i \'RETRACTION MOTOR RETRACTION TAPE

SURFACE SAMPLER of Surveyor I1I consisted of a small bucket,
which could be operated with its door either open or closed, and
a “trellis” by means of which the bucket was moved. One of the

sampler’s four motors operated the door; the others respectively
moved the bucket back and forth, up and down and left and right.
Tape at bottom pulled bucket toward spacecraft during trenching.
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VARIETY OF TESTS performed by the surface sampler of Sur- which consisted of widening the third trench the apparatus dug.
veyor 111 is summarized. In all the device made seven bearing tests The four symbols indicating contact represent occasions when the
and 13 impact tests and carried out six trenching operations, two of sampler bucket located the surface or picked up rock fragments.
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SEQUENCE OF OPERATIONS performed by the surface sampler the sampler could be raised a maximum of 40 inches above the

in a trenching operation is shown in somewhat exaggerated form to lunar surface and driven into the surface to a maximum depth of
convey the extent of the device’s vertical maneuvers. The bucket of 18 inches. It could dig a trench approximately 35 inches in length.
40
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sion Laboratory staft primarily involved
with the sampler experiment, and I
would be familiar with the various posi-
tions of the surface sampler as seen
through the survey television camera of
the spacecraft.

Suruegor 11 was launched from Cape

Kennedy at 2:05 a.a. Eastern Stan-
dard Time on April 17. It landed on the
moon in Oceanus Procellarum at 7:04
p.a. ES.T. on April 19. It was not
known then, but it became apparent la-
ter from examination of the data record-
ing the loads received by the shock ab-
sorbers on the legs of the spacecraft, that
Surveyor 111 had actually landed three
times because its vernier rocket engines
(designed to stabilize the vehicle as it
lands) failed to turn off at the right time.
As a result the spacecraft had landed
once, bounced to a height of 35 feet
during a second flight lasting 24 seconds
and then rebounded for a 12-second
flight. Near the end of the second bounce
the vernier engines did turn off and the
spacecraft was able to settle gently on
the lunar surface.

The erratic landing gave rise to some
problems. One involved the electronic
system that controlled the last stages
of flight and touchdown. It draws a
high current from the batteries of the
spacecraft, and so as soon as the vehicle
had landed a command was sent from
the earth to turn off the system. The
telemeter signal coming in from Survey-
or 111 gave no indication, however, that
the spacecraft had responded to the com-
mand.

Evaluation of the spacecraft’s condi-
tion during the hour or so after the land-
ing indicated that the problem lay in the
telemetry and that otherwise everything
was operating normally. Surveyor III
was put to work making its first photo-
graphs. From the early pictures Eugene
M. Shoemaker of the U.S. Geological
Survey’s Branch of Astrogeology, who
was the principal investigator for the
television experiment, concluded that
the spacecraft was sitting on the inside
slope of a crater and that everything the
camera could observe was inside the
crater.

Later a comparison of features seen in
the Surveyor III photographs and in
high-resolution photographs from Lunar
Orbiter II enabled Ewen Whitaker of
the University of Arizona to identify the
crater and to ascertain within a foot or
two the location of the spacecraft [see
bottom illustration on page 38]. The cra-
ter is about 650 feet in diameter and 60  FIRST BEARING TEST made by Surveyor III was seen by observers on earth in this photo-
feet deep. Surveyor 111 is on the eastern  graph transmitted by the spacecraft. Testing began April 21 and continued for several days.

SAMPLING DEVICE of Surveyor III is shown as it appeared during a preflight test of the
spacecraft at the Jet Propulsion Laboratory of the California Institute of Technology, which
conducted the flight for the National Aeronautics and Space Administration. The motor
that operates the bucket door is at the top of the bucket; retracting tape is also visible.
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SURFACE PROPERTIES that the sampler device of Surveyor 111 was designed to investi-
gate ranged from rock to loose soils. A static test entailed merely pushing on the lunar
surface; a dynamic test involved striking the surface with the spacecraft’s sampling device.

inside wall, tilted about 14 degrees to
the west.

We began operating the surface sam-
pler on April 21, after television photo-
graphs had showed that the surface
around  Surveyor 111, like the surface
around Surveyor I, resembled soil. Work
with the sampler encountered certain
difficulties. For one thing, the trouble
with the spacecraft’s telemetry included
the measurements we had intended to
make of the current used by the sam-
pler’s motors. Moreover, the force ex-
erted by the scoop in trenching was only
about a third of normal, probably be-
cause of binding or friction in the shaft
or gears of the retraction motor, and so
digging operations took longer than we
had expected. In spite of these difficul-
ties we were able to carry out a number
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of tests with the sampler over a period of
several days [see top illustration on page
40]. Several of the photographs accom-
panying this article are representative of
what the television camera recorded dur-
ing the bearing, impact and trenching
operations. The tests continued until the
sun set on Surveyor I11. We had hoped to
make more tests during the second lunar
day, but communication with the space-
craft could not be reestablished.

On the basis of the tests conducted

with the surface sampler we have
come to the following conclusions about
the nature of the lunar surface:

1. The surface consists of a fine gran-
ular material with a wide range of grain
sizes. A mark made by one of the space-
craft’s footpads during its two-bounce
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landing provides a basis for estimating
that a substantial proportion of the
grains have a diameter of less than 30
microns (roughly a thousandth of an
inch). The bottom of each footpad has
a honeycomb pattern in which each
hexagonal element is one centimeter
across and 40 to 80 microns deep; the
size of the grains of lunar material can
be estimated from the observation of a
distinct hexagonal pattern in the im-
print on the soil. Studies of the form of
small craters adjacent to Surveyor I11 by
the Branch of Astrogeology indicate that
the soil overlies a harder material at a
depth of several feet. The surface is
slightly lighter in color than the under-
lying material; the difference appears to
be established in the uppermost fraction
of an inch.

2. In the region accessible to the sur-
face sampler the soil has essentially the
same characteristics at any one level,
but it increases in strength with depth
in the top few inches. It is not known
whether the increase is due to a change
in the nature of the material or simply
to an increase in its density.

3. The soil is weakly cohesive; in gen-
eral it behaves like a fine, damp sand on
the earth. It is not damp, of course, but
derives its cohesiveness from bonding
forces. We had thought that in the very
high vacuum at the surface of the moon
the particles of soil would be extremely
clean, so that because of primary chemi-
cal bonding forces the particles would
adhere strongly to one another and pos-
sibly to components of the spacecraft.
The particles did adhere to one another
and also to the inside of the sampler
bucket, but the amount of cohesion we
measured was less than we had expected.
Evidently, then, the particles are not ex-
tremely clean, and the forces acting be-
tween them are not the primary bonding
forces but the weaker van der Waals
forces.

4. The soil does not seem to be very
porous or open-structured. When it was
subjected to a penetration test, it was
displaced in a manner similar to that of
a relatively densely packed soil on the
earth. Although the density of the lunar
soil was not measured directly, the value
that most plausibly explains the resist-
ance of the material to penetration and
trenching is about 1.5 grams per cubic
centimeter. Earlier estimates—one based
on a measurement of lunar soil density
that the Russians made with one of their
Luna vehicles and others based on ob-
servations made from the earth—indi-
cated a fluffier material with a density
of less than one gram per cubic centi-



meter. Material with the strength and
higher density indicated by Surveyor I11
would be unlikely to offer much hin-
drance to the movement of astronauts.

5. Some of the objects observed on
the lunar surface were clodlike clumps
of soil. They disintegrated when the
sampler pressed on them. Other objects
are undoubtedly fragments of rock. One
fragment the sampler picked up was sub-
jected to a pressure of several hundred
pounds per square inch by the bucket’s
door and did not break.

In sum, the sampler performed with
remarkable efficiency, considering that
it had to be operated by remote control
over a distance of some 250,000 miles.
We encountered no difficulty in picking
up an object half an inch in diameter or
in placing soil within a quarter-inch of
its intended location on a footpad, even
though the only assistance we had was
practice and the view provided by the
television camera. With the addition of
suitable instrumentation the measure-
ments could be made as sensitive as de-

sired. It is not difficult to conceive of
the use of more complicated material-
handling devices or vehicles. If Surveyor
craft are used for their original purpose
as robot scientific probes, devices pat-
terned on the Surveyor III sampler
would be able to deliver material from
the surface to instruments that could
perform such informative tasks as weigh-
ing the lunar soil, looking at it under the
microscope and subjecting it to X-ray-
diffraction tests to determine its atomic
structure.

LUNAR SURFACE around Surveyor V, which landed 850 miles

east of Surveyor III on September 10, also resembles soil. The

photograph was returned to earth by Surveyor V, which also carried
a radiation device to test the chemical composition of the surface.
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Early Man in South America

Stone tools indicate that men lived in South America no less than

14,000 years ago. The oldest clearly dated tools in North America

are 2,000 years younger, suggesting that other tools may be older

by Edward P. Lanning and Thomas C. Patterson

rchaeological investigations over the
A past 40 years have greatly extend-
ed the known span of man’s pres-
ence in the New World. Once regarded
as latecomers who scarcely predated
1000 B.c., the immigrant hunters from
Asia who first populated both continents
of the Western Hemisphere now appear
to have arrived no less than 14,000 years
ago, at a time when the last Pleistocene
ice sheet still covered much of the land.
Firm evidence pointing in this direction
came to light in 1926, when expertly
made flint projectile points were discov-
ered near Folsom, N.M., in association
with the bones of an extinct species of
bison. Ten years later, when stone tools
of equally fine workmanship were un-
earthed along with the dung of extinct
ground sloths in caves near the southern
tip of South America, it became increas-
ingly clear that man not only had
reached the New World earlier than had
been thought but also had spread swift-
ly throughout the hemisphere. A little
more than a decade later the develop-
ment of carbon-14 dating proved that
the South American cave discoveries
were at least 8,000 years old and perhaps
as much as 3,000 years older. Work at
a variety of archaeological sites in South
America since then strongly suggests an
even greater antiquity for man in the
New World.

Apart from specialists in South Amer-
ican archaeology, few have been aware
of this trend. One reason is that the new
findings contradict the accepted view
of man as a post-Pleistocene newccmer
to the Western Hemisphere. To under-
stand how this view developed it is nec-
essary to go back briefly to the mid-19th
century. In 1842 the Danish naturalist
Peter Wilhelm Lund found human bones
mixed with the remains of both ancient
and contemporary animals in a cave
near the town of Lagoa Santa in Brazil.
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He concluded that men much like the
Indians of historic times might have ar-
rived in eastern South America while
ground sloths, horses and camels—all
later extinct—still roamed the area. Lund
was cautious about his conclusion. He
made it clear that the association of hu-
man and animal remains at Lagoa Santa
might have been due to a mixing of
bones of various ages by natural causes.

Lund’s work went largely unnoticed
until late in the 19th century, when the
Argentine paleontologists Florentino and
Carlos Ameghino called attention to
South America by their claim of having
found the remains of early man on the
pampas. The Ameghinos reported site
after site in Argentina at which human
bones and man-made objects were dis-
covered in apparent association with
ground sloths and other extinct South
American mammals such as glyptodonts
and toxodonts. Obsessed with these
finds, Florentino Ameghino went on to
claim the Argentine pampas as the origi-
nal birthplace of the human species.

In 1910 the American physical anthro-

pologist Ale$ Hrdli¢cka and his col-
league Bailey Willis went to South
America to review Ameghino’s evidence.
They rejected his claims—and Lund’s as
well—on two grounds. The first was that
the associations had not been well es-
tablished. The second was that the hu-
man bones were all “modern” and hence
could not be very old. Today the latter
argument is known to be wrong; “mod-
ern” man has existed in the Old World
for at least 30,000 years. Hrdlicka and
Willis’ criticism of the field evidence,
however, was generally sound. For ex-
ample, human remains had been re-
moved from their original location with-
out any effort to determine whether they
were genuinely contemporaneous with
the remains of Pleistocene animals or
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whether they had come from graves dug
at a later time.

Having done a service by showing
that Lund’s and Ameghino’s claims were
unsupported by the existing evidence,
Hrdlicka and Willis unfortunately did
not leave well enough alone. They went
on to reach the conclusion that man
could not have arrived in South America
until quite recently. Essentially their
reasoning was that, because the evi-
dence for great antiquity was not con-
clusive, the possibility of any antiquity
had to be dismissed. This non sequitur
was accepted as the final word and for
nearly three decades thereafter no repu-
table archaeologist undertook to study
early man in South America.

It was not until 1937 that Junius B.
Bird of the American Museum of Nat-
ural distory firmly established the con-
temporaneity of man and Pleistocene
animals in South America. That year
Bird excavated ancient refuse deposits
near the Strait of Magellan. In two cave
sites—Fell's Cave and Palli Aike—the
deepest strata contained the bones of
extinct mammals that had been killed
and eaten by men. Fell's Cave was par-
ticularly important, because the animal
bones, artifacts and human skeletons
there had been sealed off by fallen rocks.
This circumstance guaranteed that the
association between animals and humans
was not due to the later intrusion of
human remains.

With the development of carbon-14
dating in the 1950’s dates were ob-
tained for the bottom strata of Bird’s
caves. These are respectively 6689 =+
450 B.c. for Palli Aike and 8760 = 300
B.C. for Fell’'s Cave. The Fell’s Cave date
appears to us to be somewhat too early
when it is compared with evidence se-
cured elsewhere near the Strait of Magel-
lan and also in the Andes. Taken together
with the remains of extinct animals,



however, the radiocarbon age of the
caves is a good indication that man had
reached the tip of South America toward
the end of the last continental glaciation
or at the latest in very early postglacial
times.

Evidence that men lived in South

America in early postglacial times
has been found in many parts of the
continent during the past decade. Nu-
merous campsites of hunters and gath-
erers in this epoch have been identified,
and they have been dated by stratigraph-
ic and radiocarbon studies. It is now
evident that soon after the end of the
glacial period all South America, with
the possible exception of the deep Ama-
zon Basin and the Pacific coast of Co-
lombia, was inhabited by men. The as-
semblages of stone tools belonging to
these postglacial cultures are character-
ized by well-made projectile points,
knife blades, scrapers and gravers flaked
by pressure (as opposed to simple per-
cussion). Some of the assemblages also
include grinding stones and other tools

for the preparation of plant foods [see
“Early Man in Peru,” by Edward P.
Lanning; ScientiFic AMmERICAN, Octo-
ber, 1965].

Remains of a very different kind of
culture have also been found through-
out the Andes. They lack all the expert-
ly made artifacts of the postglacial tool
kit. These assemblages are character-
ized by elongated chopping tools and
spearpoints coarsely flaked on both sides
by percussion. The first such “bifacial”
assemblage was discovered in 1956 by
the Venezuelan archaeologist José M.
Cruxent on the terraces of the Pedregal
River in northwestern Venezuela. Soon
thereafter the authors of this article
found related tool assemblages on the
central coast of Peru, as did Father
Gustavo LePaige in the interior desert
of northern Chile and Eduardo Cigliano
in the Andes of northwestern Argentina.
The similarity of the artifacts in all these
assemblages made it apparent that they
belong to a single widespread cultural
stage for which we have proposed the
name “Andean Biface Horizon.” Among

archaeologists working on these materi-
als there was general agreement that the
horizon was an early one, but for several
years there has been no evidence to place
it exactly in time.

Cruxent’s work on the Pedregal River
terraces yielded a sequence of ancient
cultures, for the reason that the highest
river terrace is always the first to be
formed and the lowest the last. The old-
est Pedregal assemblage was therefore
the one found on the highest terrace.
Called the Camare culture complex, it
consisted almost exclusively of crude
choppers and large flakes of quartzite,
together with a few large, thick bifacial
tools. The second culture complex, the
Lagunas, was found on somewhat lower
terraces. It is a typical member of the
Andean Biface Horizon. Two even later
complexes, characterized by pressure-
flaked projectile points of the early post-
glacial type, were found on still lower
terraces. Although his dating is only rel-
ative, Cruxent’s work shows that the
Camare complex is earlier than the An-
dean Biface Horizon. At several sites

STONE TOOLS used by the early inhabitants of western South
America were of different kinds at different times, as these repre-
sentative implements show. At Cerro Chivateros in Peru, between
12,000 and 11,000 B.c., most were small tools made from flat pieces
of quartzite (a). Elsewhere in coastal Peru, between 10,500 and 9500

© 1967 SCIENTIFIC AMERICAN, INC

B.C., the implements were also small but somewhat more advanced
(b). Between 9500 and 7000 B.c. new kinds of tools were made at
Cerro Chivateros. They included spearpoints (¢) and choppers (d)
flaked on both sides, and implements such as the simple one resem-
bling a spokeshave (e) for making other tools out of wood or bone.
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around Venezuela’s Lake Maracaibo,
Cruxent has also found rough choppers
and a few large bifacial tools similar to
those of the Camare complex but made
of fossilized wood rather than quartzite.
This fossil-wood assemblage he calls the
Manzanillo complex.

At fossil-bearing sites of Pleistocene
age at Muaco and Taima Taima on the
Pedregal, Cruxent has found the bones
of extinct animals, some of the bones
scored by stone tools. This seems indis-
putable evidence that man was hunting
such animals in northwestern Venezuela
in late-Pleistocene times. Four radiocar-
bon dates from these sites (the samples
include some of the scored bones) range
from about 11,000 to 14,500 B.c. We
do not know, of course, whether similar
dates apply to either the Camare or the
Lagunas complex or whether the hunt-
ers were still earlier inhabitants of the
region. The situation is the same with a

radiocarbon date of 11,970 = 200 B.c.
from Lake Maracaibo; this date could
apply to the Manzanillo complex but is
not clearly associated with Manzanillo
artifacts.

While surveying the delta of the Chil-
lon valley on the central coast of Peru
in 1962 we located several sites contain-
ing the remains of another unusual stone
tool industry. We named this culture
complex Oquendo, after the hills in
which the sites are located. Its assem-
blage of tools, mostly composed of small
and simply made implements, is note-
worthy for the lack of any artifact that
could have been used as a spearpoint
and for the abundance of the little cut-
ting tools known as burins. A few burins
are known from the postglacial site of
El Inga in Ecuador, but the burins at
the Oquendo sites number in the hun-
dreds and are associated with a com-

pletely difterent kind of assemblage.
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MAN’S PRESENCE in South America during late Pleistocene times has been suggested by
the discovery of distinctive stone tools at a number of sites. Until Cerro Chivateros, one of
the sites in Peru excavated by the authors, provided a radiocarbon date of 8500 B.c., however,
there was no concrete proof that the bifacially flaked tools discovered there were of great
age. The finding suggests that other tool assemblages belonging to the same Andean Biface
Horizon (names in color) are equally old and that tools of other kinds are even older.
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Over the past five years one of us (Lan-
ning) has come on similar burin indus-
tries on the coast of Ecuador and in the
Atacama Desert of northern Chile, and
the other (Patterson) has found two suc-
cessive assemblages of the same kind in
the Lurin valley of Peru. Neither the
initial research in the Oquendo area nor
studies of other related assemblages has
produced any evidence for dating them.

Until very recently, then, there was no

clear proof that man had lived in
South America much before 8000 B.c.,
although the Fell's Cave radiocarbon
measurement suggests a somewhat ear-
lier date. The oldest Venezuelan radio-
carbon date goes back even further, but
it is not associated with any identifiable
culture complex. Although several of us
engaged in this work thought that the
chopper, bifacial-tool and burin indus-
tries belonged to the Pleistocene, we
had neither stratigraphy, radiocarbon
dates nor associations with extinct ani-
mals to support our assumption.

Evidence of a late-glacial age for both
the bifacial-tool and the burin industry
is now available. It is provided by a strat-
ified site in the lower Chillén valley,
where one of us (Lanning) worked in
1963 and the other (Patterson) in 1966.
The site, Cerro Chivateros, is about a
mile from the sea in a range of steep
hills composed of metamorphosed Cre-
taceous marine sediments, mostly sand-
stone and coarse-grained quartzite with
outcrops of fine-grained quartzite here
and there. Cerro Chivateros is the larg-
est of the fine-grained quartzite out-
crops, which were used by the makers of
burins and bifacial tools as raw material.
The slopes of the site are thickly cov-
ered with the debris of tool manufacture.
The site seems to have been used as a
quarry and workshop but not as a camp-
site. Nevertheless, a considerable depth
of culture deposit accumulated during
the time the outcrop was frequented by
man.

Disregarding minor variations and
subdivisions, our excavations at Cerro
Chivateros revealed five major strata,
each representing a different period of
time and somewhat different climatic
conditions. The lowest level, the “Red
Zone,” is a reddish silt that contains nu-
merous chunks of unworked quartzite as
well as a distinctive assemblage of arti-
facts. The assemblage of the Red Zone
complex consists of little quartzite tools,
the working edges of which had been
made steeper by direct percussion with
a cobblestone hammer. Prominent among
these small tools are simple scrapers

(straight-edged and notched), perfora-
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THREE STYLES OF TOOLS were used in various parts of South
America. The stone implements used in Venezuela for 2,000 years or
so after 12,000 B.c. included crude choppers and heavy tools flaked
on both sides (dark gray). During the same period typical imple-
ments in Ecuador, Peru and Chile were much smaller (color). They
included many chisel-like burins for working in wood and bone.

tors pointed either at one end or both,
and a few burins. How the silt that com-
poses the Red Zone was formed has not
yet been determined. It may have been
laid down by the wind, and its color may
be due to the oxidation of quartzite. If
so, this would indicate that the area had
a dry climate, similar to today’s desert
conditions, at the time of deposition.

A hard crust on the upper surface of
the Red Zone constitutes the next stra-
tum at Cerro Chivateros. Such forma-
tions, called salitres, are created on the
surface when salty sediments are ex-
posed to humid air; the salt crystals soak
up moisture, expand and link up with
one another. The process can be ob-
served today on the Peruvian seashore
where sea breezes provide the necessary
moisture. Cerro Chivateros is too far
from the sea for active salitrification to-
day; the stratum we call the Lower Sa-
litre could only have been formed at a
time of increased humidity. In the Pe-
ruvian coastal desert such conditions
would depend on a persistent belt of
dense fog, perhaps coupled with a se-
quence of years in which some rain fell.
Only a few artifacts of the Red Zone
complex were found in the Lower Salitre.

The third stratum, another layer of
silt, was deposited by the wind under
very dry conditions. Wherever the silt
is more than four inches thick the cul-
tural material is confined to its upper
portion. The assemblage of stone tools

in this part of what we call the Lower
Silt is typical of the Andean Biface Hori-
zon; we have designated the complex
Chivateros 1. The complex consists of
many thick, pointed bifacial tools, large
tools with serrated edges, and heavy un-
retouched flakes that were simply struck
from a bigger piece. There are also a
few large scrapers, notched stones and
bifacially flaked spearpoints and knife
blades.

The Upper Salitre, a salt-cemented
deposit that overlies the Lower Silt, is
the next stratum. It too contains Chiva-
teros 1 artifacts. The evidence from
these two levels therefore suggests that
the manufacture of Andean Biface Hori-
zon tools at Cerro Chivateros began
partway through an extended dry period
and continued during a humid one that
followed.

The upper and most recent level at
Cerro Chivateros—the Upper Silt—rep-
resents wind deposition during a dry
period. The cultural content of this silt
is two small workshops belonging to the
complex we have designated Chivateros
2. The artifacts from these workshops
are much the same as those of Chiva-
teros 1, but they include many smaller
double-point spearpoints and pointed
tools with a rounded keel. The Chiva-
teros 2 specimens, like those of the
Red Zone, the Oquendo sites and Chiva-
teros 1, were manufactured exclusively
by cobblestone percussion.
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Tools of the succeeding style, the Andean Biface Horizon (light
gray), were larger and included a previously unknown artifact:
the spearpoint. Perhaps evolved from Venezuelan choppers, bifaces
spread widely between 10,000 and 9500 B.c. Except for the one firmly
dated Andeéan biface stratum at Cerro Chivateros, the ages assigned
to the various cultures listed here represent the authors’ estimates.

No bones have been found in any of
the strata at Cerro Chivateros. We at-
tribute this partly to the fact that the
site was not a camp and partly to the
generally poor preservation of bones in
the dry surface sediments of the Peru-
vian coast. We were fortunate enough,
however, to find several pieces of wood
in the Upper Salitre. From these samples
the radiocarbon laboratory of the Uni-
versity of California at Los Angeles has
obtained readings of 8420 = 160 and
8440 = 160 B.c. The dates apply to late
Chivateros 1 and to the humid period
that followed, during which the Upper

Salitre was formed.
It is possible with the aid of these
dates to correlate the alternating dry
and humid cycles at Cerro Chivateros
with the sequence of climatic changes
elsewhere in the world during the late-
glacial pericd. Long-term climatic
changes associated with the late-glacial
and postglacial periods have been docu-
mented in many parts of the Northern
Hemisphere in the Old World and the
New, and it has been shown that similar
changes tock place at about the same
time in Europe and North America. The
analysis of plant pollens in Colombia and
Chile has shown that climatic changes
in the New World’s Southern Hemi-
sphere are fairly well coordinated with
those to the north. Glacial stages in the
highlands of Peru are also correlated
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CULTURE SEQUENCE at Cerro Chivateros is evidenced by the

artifacts typical of each. The lowest stratum, a red silt, and the sa-

line-soil stratum above it contain cores (a), tiny burins (b, d) and
knives (c; note cross section). The hammerstone (e) and burins
(f, g, h) in the colored band are not from Cerro Chivateros; they
are typical of the tools found in a similar stratum of silt at Oquendo.
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Near the top of the Lower Silt and in the stratum above it are much
larger implements: spearpoints (i), hammerstones (j) and simple
tools with toothed edges (k). Similar biface tools occupy the top
stratum: coarser spearpoints (l) and implements with steeply
“keeled” cross sections (m, n). Except for e, tools labeled « through
h are shown half-size; e and i through n are shown one-third size.
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with these worldwide climatic stages.

In general the evidence in South
America indicates that in cool periods
the mountain glaciers of the Andes
reached their maximum extent. In these
periods the altitudinal zones—the snow
line, the tree line and the zone of regular
depressed
3,000 feet or more, rainfall increased
throughout the Andes, and the desert
along the Pacific coast shrank in extent.
Although the central Peruvian coast ap-
parently remained arid, the velocity of
winds blowing toward the shore was
lower, dense fogs lay near sea level and
years of irregular rainfall were more fre-
quent. Although temperatures in the
highlands were lower during these pe-
riods, temperatures along the coast may
have been somewhat higher than they
are today. The humid periods at Cerro
Chivateros, represented by the salitres,
should therefore be

annual precipitation—were

associated with
times of worldwide low temperatures,
and the dry periods, marked by the in-
creased deposition of silt by the wind,
should belong to times of high tempera-
tures.

\\”e have proposed a tentative corre-
lation of the strata at Cerro Chiva-
teros with the glacial stages of the Pe-
ruvian highlands, with the levels of pol-
len from various plants in Colombia and
Chile, and with the more familiar cli-
matic stages of the Northern Hemi-
sphere [sce illustration on next page]. In
the highlands of Peru the Agrapa, Maga-
pata and Antarraga stages were times
of glacial advance, lowered altitudinal
zones, decreased temperatures and in-
creased rainfall. During intervening pe-
riods the climatic and altitudinal zones
had approximately the same distribution
as they have today.

If our correlations are correct, they
allow us to suggest dates for the earlier
strata at Cerro Chivateros and their con-
tents. As far as the Upper Silt, Upper
Salitre and Lower Silt are concerned,
there are no significant problems. Each
corresponds to a well-dated major fluc-
tuation in world climate. Because the
Chivateros 1 complex is found in the
upper part of the Lower Silt but not in
the lower part, for example, we estimate
the beginning of the complex at about
9500 B.C.

For periods earlier than 10,000 s.c.
we must rely on the Colombian pollen
sequence alone; the Peruvian-highland
glacial stages are not directly dated and
the Chilean pollen sequence does not
show any fluctuations. It is our view that
the culturally impoverished Lower Sa-
litre corresponds to the cool pericd of the

Colombian pollen level designated I a 3
and that the Red Zone below it corre-
sponds to the warmer pollen level I a 2.
Both of these stages in Colombia are
somewhat earlier than their counterparts
in Scandinavia (respectively the Older
Dryas stage and the Bglling stage), prob-
ably because of Colombia’s proximity to
the Equator and because of the absence
of a continental ice sheet in the region.
If the Red Zone is indeed as old as pollen
level I a 2, its cultural contents can ten-
tatively be dated between 12,000 and
10,500 B.C.

The problem of dating the Oquendo
culture complex, which is not represent-
ed at Cerro Chivateros, remains. One of
us (Patterson) excavated a test pit in an
Oquendo site in 1966 and found that the
artifacts were concentrated in a 15-inch
stratum of wind-deposited silt (like the
Upper Silt and Lower Silt at Cerro
Chivateros) overlying a culturally empty
deposit of salitre. Oquendo artifacts are
related to the artifacts of the Red Zone,
but they show some tool forms and chip-
ping patterns similar to those of Chiva-
teros 1. We believe the Oquendo com-
plex fits between the other two, and
that the silt and salitre at the Oquendo
site correspond to the lower half of the
Lower Silt and the Lower Salitre at
Cerro Chivateros. On this basis we ten-
tatively date the Oquendo complex at
10,500 to 9500 B.c., the interval between
the Red Zone and Chivateros 1.

It is not impossible that our proposed
dates for both the Red Zone and the
Oquendo complexes are too early. We
believe, however, that the relative chro-
nology of both complexes is soundly
based on their stratum and tool relation-
ships to Chivateros 1. Late Chivateros 1,
in turn, has been dated by radiocarbon
to the middle of the ninth millennium
B.c. Even if our age estimate is some-
what too high, it is clear that the entire
sequence belongs to late-glacial times
and that it must have begun well before
10,000 B.c.

"I he remarkable homogeneity of arti-

facts belonging to the Andean Biface
Horizon from Venezuela, Peru, Chile
and Argentina suggests that they were
roughly contemporaneous. Until further
evidence is available we believe it is safe
to apply the Chivateros 1 dates to the
entire Andean Biface Horizon. As a re-
sult we can date the burin industries of
South America, which are evidently re-
lated to the Oquendo complex and the
Red Zone, as being older than 9500 s.c.
We have prepared a chronology for the
known burin and bifacial-tool industries
of the Andes, aligned in time on this
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basis [sce illustration on page 47]. Of
course, no two of these industries are
exactly alike; they differ not only in raw
materials but also in the frequency with
which various tool types occur and in the
presence or absence of certain locally
specialized forms or techniques. The bu-
rin industries are also more diversified
than the bifacial-tool industries. Even
so, they have in common many highly
specialized types of artifacts not known
in any later ancient Andean culture.

The early chopper-tool industries of
northwestern Venezuela—the Camare
and Manzanillo complexes—are quite
different from the burin industries con-
temporaneous with them in Ecuador,
Peru and Chile. Their relation to the
Andean Biface Horizon is attested not
only by the inclusion among these arti-
facts of a few large pointed bifacial tools
but also by a fairly high frequency of
other bifacially flaked forms and by the
large size of both the complexes’ arti-
facts and their unretouched flake tools.
The present evidence suggests that these
northern chopper industries were ances-
tral to the Andean Biface Horizon and
that the bifacial-tool industries spread
southward through the Andes from Ven-
ezuela (or perhaps Colombia), replacing
the earlier burin industries in each re-
gion. For this reason we propose that
the Lagunas culture complex started
somewhat earlier than the other bifacial-
tool industries. Without more evidence
it is impossible to say whether this
change involved an actual replacement
of human populations or nothing more
than the diffusion of a new economy—
with its associated assemblage of tools—
from one people to another.

We know almost nothing so far about
how these earliest South Americans ac-
tually lived. Except for Cerro Chiva-
teros, all the known early sites are either
on the surface or extend only a few
inches below it. Until sites are found that
have deep layers containing animal
bones, shells, plant debris, hearths and
perhaps even human remains, culture
reconstructions can be based only on the
stone tools and the locations where they
are found.

An inventory of the tools shows an
overwhelming preponderance of arti-
facts evidently intended for working
wood or bone. They include choppers,
burins, toothed tools and bifacial tools.
In the chopper and burin assemblages
spearpoints are absent; they are also
rare in all the bifacial-tool assemblages
except those at the Loma Negra site in
Chile. Smooth-edged scrapers, which are
best suited for the preparation of skins,
are rare too, although rougher scrapers
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(useful for extracting fibers from plants
similar to maguey) are fairly abundant.
This suggests that the Pleistocene hu-
man population placed little emphasis
on hunting game of the kind that would
be killed with spears or that would pro-
vide the hunter with both leather and
meat. At the same time the majority of
the stone tools show no particular spe-
cialization suggesting as a way of life
either fishing or the gathering of plant
foods. Instead most of the artifacts ap-
pear to have been secondary tools, that
is, tools with which primary tools were
made. They give us no information at
all about what kinds of primary tool—
made out of wood or bone—the earliest
South Americans had.

Most of the known Pleistocene sites
are stone quarries or workshops, al-
though a few of them may also have
served as camps. Their usual location is
among steep hills near rivers or small
streams, some of which have now dis-
appeared. The Exacto sites in Ecuador,
the Talabre sites in Chile and the Tres
Morros sites in Argentina are exceptions.
They are all in flat areas; a few Exacto
sites are on or near the edge of sea clifts
and the Talabre sites are on the edge of
a lake that has been dry since the end
of Pleistocene times. Evidently the earli-
est South Americans preferred wooded
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valleys but exploited other areas when
it was convenient.

From what we know of man’s life else-
where in the world in late-glacial times,
we can make some guesses about Pleisto-
cene life in South America. Presumably
the people lived in small groups, prob-
ably including not more than a few
families. Their economy must have been
one of generalized hunting and gather-
ing in which plant foods, and possibly
in some cases seafood, predominated.
Like most food-gatherers, they probably
migrated seasonally from one part of
their territory to another, taking advan-
tage of the ripening of different food
plants at different times of the year.

If man indeed lived in South America
as early as 12,000 B.c., he must have
been present in North America at a still
earlier date. The oldest evidence of hu-
man occupation in North America is the
tools of the specialists in big-game hunt-
ing belonging to the Clovis (or Llano)
culture complex; the oldest such tools are
dated about 9600 B.c. [see “Elephant-
hunting in North America,” by C. Vance
Haynes, Jr.; SCIENTIFIC AMERICAN, June,
1966]. Dates earlier than this have been
proposed. Some are based on radiocar-
bon measurements of material that is
not associated with identifiable assem-
blages of artifacts. Others involve assem-
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blages for which direct evidence of age
is not available. Some of the latter are
quite similar to the artifacts of the An-
dean bifacial-tool industries and oth-
ers include edge-retouched implements
reminiscent of those in the Red Zone
complex at Cerro Chivateros.

The interpretation of North American
- prehistory that is most widely ac-
cepted at present holds that the Clovis
complex represents the continent’s earli-
est human occupation. It seems to us
that the new evidence from South Amer-
ica necessarily places man in North
America well before Clovis times and
perhaps even before the start of the late-
glacial period. This conclusion does not,
of course, prove that any of the current
claims for earlier cultures North
America is correct, although it suggests
that some of them may be. Primarily it
shows that contemporary knowledge of
early man in North America is far from
complete and indicates that we should
be busy searching for cultures older
than the Clovis complex. We propose
that some North American stone indus-
tries that include bifacial tools and edge-
retouched artifacts may precede the
Clovis complex. Our experience in South
America certainly suggests that these
industries merit further study.
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RELATIVE AGES of undated strata excavated by the authors at
Cerro Chivateros are estimated on the basis of changes in climate
during late-Pleistocene times. The column at left presents the well-
established sequence of climate changes in Scandinavia. The next
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two columns show the separate soil levels at the site and their cul-
ture content. The last three columns summarize the evidence for
late-Pleistocene climate fluctuations in South America known from
the study of mountain glaciers and analyses of ancient pollen.
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The hope of doing each other some good prompts these advertisements

The drummer’s grandson'’s place
in the chronicle of progress

You have been sitting there for two
hours minding your own business and
getting a little tired of it. So, while fin-
ishing your dinner, you attempt con-
versation with the guy in the aisle seat.

“Care to divulge your occupation?”

“No objections. I'm in the plasticizer
business.”

“I’m a professor. I hope that doesn’t
bother you. Are you a salesman for a
big company?”’

“Pretty big. Eastman Chemical Prod-
ucts in Kingsport, Tennessee. Subsid-
iary of Eastman Kodak.”

“My field is the history of science. I
spend my life reading, talking, and writ-
ing. What do plasticizers do for me?”

“They assist in maintaining your
way of life.”

“How’s that?”

“Want an elephant shot or a tor-
toise caught to make your eyeglass
frames?”

“Are you giving your plasticizers
all the credit for the entire polymer
technology?”

“Not quite. But with many polymers,
to make them into useful plastic prod-
ucts or surface coatings you generally
have to introduce the right kind of low-
vapor-pressure liquid in the right way
at the right stage. Did you know that?”

“Dimly. Your success is measured in
tank cars?”

“Long-range, yes. Short-range, I'm
on my way to a customer with a design
for a plasticizer recovery unit that will
cut down my sales to him for several
years. Maybe you won’t believe this,
but we prefer to see our plasticizer
move out inside the customer’s product
instead of through his chimney as air
pollution.”

“Hadn’t realized salesmen were al-
lowed to entertain such thoughts.”

“Conditions have changed since
grandpa was a drummer. Only way I
can sell as many tank cars of plasticizer
this year as I am expected to, I have to
talk mold design, extrusion equipment,
UV inhibitors, plastisol curing tech-
niques. How the customer’s product
behaves in public depends not only on
having the plasticizer stay in and on the
job but on setting up the working rela-
tions between the customers and our
experts on subjects that don’t seem es-
sential for making plasticizer. Some
customers demand this help and some
want no part of it. We like both kinds.”

“You sound like ad copy.”

“Forgive me. I must need a new
writer.”

For a more private, more realistic type
of dialogue on plasticizers, the man in the

aisle seat can be reached at 615-246-2111.
The ZIP is 37662.

Either send $2 to Dept. 454, East-
man Kodak Company, Rochester,
N.Y. 14650 for brand new book,
M-29, “Kodak Data for Aerial
Photography” . . .

For the attention of geologists, ecologists, plant pathologists, wildlife
management people, or others considering aerial photography:

or ask Dept. 926, Eastman Kodak
Company, Rochester, N.Y. 14650
to send you names of some reli-
able people who can relieve you
from reading the book.
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Exobiology, eh?

The late Edwin E. Jelley came to Roch-
ester in our earlier days from the Re-
search Laboratories of Kodak Limited
in Harrow. He was fascinated by the
interaction of dye molecules one with
another. Physical chemists have hon-
ored his name by the term “J-band” for
the intense, narrow absorption band he
found down-frequency from the mono-
meric absorption band of a dye when
it attaches itself to an anionic macro-
molecule.

Leslie G. S. Brooker has invented an
incredible number of useful dyes since
he, too, came to us from England. His
patent on 4,5,4’,5’-dibenzo-3,3’-diethyl-
9-methylthiacarbocyanine bromide ex-
pired on February 23, 1949. Now, a
second 17 years later, we find we can
render a significant service by offering
the dye itself for sale, rather than just
the benefit of its application in some of
our photographic products.

It appears to offer an extraordinarily
sensitive test for biological macromole-
cules in inorganic matter. Not only does
a J-band appear at 650myu in the pres-
ence of proteins, but other spectral
changes mark other important classes
of macromolecules, including nucleic
acids and substituted polysaccharides.

Evaluation of this apparently remark-
able dye is the purpose of NASA CR-466,
a 76-page report entitled “Experimental
Studies for the Detection of Protein in
Trace Amounts,” for sale at $3 by the
Clearinghouse for Federal Scientific and
Technical Information, Springfield, Va.
22151. At $10.45, a gram of the com-
pound itself as EASTMAN 2718, under the
name 1-Ethyl-2-[ 3-(1-ethylnaphtho[ 1,2d]-
thiazolin-2-ylidene) -2-methylpropenyl] -
naphtho[ 1,2d]thiazolium Bromide, can be
ordered from Eastman Organic Chemicals
Department, Distillation Products Indus-
tries, Rochester, N.Y. 14603 (Division of
Eastman Kodak Company).

Even before the NASA report we
had had inquiries for this Brooker dye.
They had resulted from a paper in J.
Phys. Chem. 68:1896 by workers who
had obviously been applying themselves
to some of the basic literature that has
come out of our half-century of re-
search on the photographic process.
It proposes that, for a great many com-
plexes that the dye forms with trace
amounts of protein, the exact wave-
length of the induced maximum is
characteristic of the protein. Results
are listed for 32 proteins and 37
peptides, as well as for 9 nucleo-
tides and the difference be-
tween DNA and RNA.
Chemical price f.o.b, Roch-

ester, N. Y, and subject to
change without notice
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THE CHALLENGE 1S!

Most of our customers are pioneers,
too. They find it most invigorating to
climb far out on the industrial limb

in the pursuit of performance
improvements and design innovations.
The further exploration, the greater

the need for the ultimate in component
performance . . . especially in the vital
areas when small diameter tubing
carries the full responsibility . . .
especially where high temperatures

and corrosion resistance pose pioneering
problems. This is where TMI tubing
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in a wide range of stainless steel

and high-temperature-corrosion
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TUBE METHODS INC.,

Engineers, Metallurgists Manu-
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Terror Unbalanced?

he U.S. and the U.S.S.R. have
I achieved their present balance of
fear by taking a series of discrete
steps, each based on a previous step tak-
en—or thought to have been taken—by
the other side. In September the U.S.
took another step. Secretary of Defense
Robert S. McNamara announced that a
“light” antimissile system would be de-
ployed—a system designed to defend
U.S. cities and populations against a
limited nuclear attack, such as China is
expected to be capable of mounting in
the early 1970’s, but not against a satura-
tion attack by the U.S.S.R. The decision
came after a long debate within the
Administration.

In announcing the decision McNa-
mara pointed to the developing nuclear
capability of China and to the possibility
that China might miscalculate U.S. read-
iness to retaliate or might somehow be-
have irrationally. It is feasible, he said,
to build a light “area” defense against a
relatively small-scale attack. Such a de-
fense might deter the attack and in any
case would protect the U.S. population;
its existence should convince Asian
“friends” that the U.S. would risk a Chi-
nese nuclear attack in order to help
them. In addition, he said, the proposed
Nike-X system would provide some se-
curity against the accidental launching
of a nuclear weapon by another power.
And it would provide a “point” defense—
even against Russian missiles—of U.S.
Minuteman silos, thus protecting this
country’s offensive capability against re-
cent advances in the Russian offensive-
missile forces.
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SGIENGE AND

McNamara came out strongly, how-
ever, against the construction of a
heavy area defense against possible
Russian attack. It is simply not possible,
he insisted, to build a meaningful area
defense against a sophisticated missile
attack, one employing large numbers of
missiles, each armed with several in-
dependent warheads, decoys and radar-
obscuring devices. Any defense can be
countered by an increase in the number
of offensive warheads, he said; the U.S.
and the U.S.S.R. could each spend $40
billion for a heavy area defense and find
that it brought them no increase in se-
curity. The only real defense against a
heavy missile attack is the deterrent
effect of a “fully credible” retaliatory
capability, he maintained.

Critics called the antimissile decision
another sign of military domination of
U.S. policy-making and argued that it
marked a fateful escalation in the nu-
clear arms race and could only worsen
relations with the U.S.S.R. Reasoning
from McNamara’s premises, they point-
ed out that if the proposed system is use-
ful only against a minor nuclear power,
then it will be effective against China
only for a few years; if retaliatory power
is the best means of deterring a Russian
attack, why should it not be effective
against China? Finally, critics warned,
the decision to build a light defense
would surely reinforce demands for a
heavy system.

Such demands did, in fact, follow
closely on the Administration’s an-
nouncement. A number of legislators
took the lead. Pointing out that the
U.S.S.R. is building some antimissile de-
fenses, thev said the Administration’s
proposed Nike-X system was only “a step
in the right direction”; the U.S. should
construct “an overall system” that will
“blunt” Russian offensive  strength.
McNamara indicated he would resist
new pressures for the next step.

Chemistry of the Moon

¥\ chemical analysis of a small patch of
+ % the moon’s surface by a radiation
device in the spacecraft Surveyor V has
yielded the tentative conclusion that the
moon is made of essentially the same ma-
terials as the earth. The test was a com-
plement to one made earlier by Surceyor
111, which carried a device that sampled
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a patch of lunar surface mechanically
and found the surface material to have
the consistency of damp sand (see “The
Feel of the Moon,” by Ronald F. Scott,
page 34). One hypothesis consistent with
the findings is that the moon originated
as a bedy of matter torn from the earth
m llions of years ago, rather than as a
separate body captured by the earth’s
gravitatioral ficld or as an accretion of
locse interstellar material.

The radiation device on Surveyor V
consisted ¢f a small box that, on radio
command from the earth, was lowered
to the lunar surface on a nylon cord.
Alpha particles from a radioactive
source, curium 242, bombarded the top
few microns of a four-square-inch patch
of the lunar surface. The particles that
struck nuclei of atoms in the surface ma-
terial were scattered in known ways de-
pending on the rature of the material. In
addition scme of the struck nuclei emit-
ted protons. Detectors associated with
the radiation device measured the num-
ber of returning alpha particles and emit-
ted protons ard the spectrum of their
energies. Because both the numbers and
the energies cf the alpha particles and
protons depended on the type of atoms
that had been encountered during the
bembardment, observers on the earth
could ascertain the nature of the surface
material from the measurements made
by the detectors.

The analysis thus obtained indicated
that the lunar surface consists of 53 to
63 percent oxygen, 15.5 to 21.5 percent
silicon, 10 to 16 percent of the elements
from phosphorus through nickel, 4.5 to
8.5 percent aluminum and probably
smaller amounts of some other elements.
The pattern indicates a surface of basalt,
a volcanic rock found over wide areas of
the earth. Anthony Turkevich of the
University cf Chicago, who was director
of the radiation-analysis experiment,
said: “The general pattern which emerg-
es is that the most abundant elements
on the lunar surface are the same as the
most abundant elements making up the
surface of the earth.”

Pcllution with Antipollutants

"1'br effort to ward off oil pollution
~along the coast of Cornwall after the
wreck of the supertanker Torrey Can-

yon in March of this year evidently con- |
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stituted a cure worse than the disease
as far as marine life was concerned. A
review of the various measures taken by
French and English agencies shows that,
with the seaside resort season at stake,
the English decided to disperse the
crude oil and forthwith sprayed some
six million gallons of detergent along
the Cornish coast and its offshore wa-
ters. As their chief countermeasure the
French chose collection rather than dis-
persal and dumped some 600,000 cubic
feet of coagulant materials—sawdust,
pumice and polyester chips—into the oil
approaching the coast of Brittany.

During the weeks that followed,
plants, mollusks, crustaceans and fish
in the shallows and tidal zones on both
sides of the English Channel were in-
jured or destroyed wherever the arriving
oil was thick enough to deplete the oxy-
gen content of the water and cut off sun-
light. Thanks to abnormal wind patterns
that kept most of the oil at sea, how-
ever, such instances of heavy oiling
were comparatively rare. In France the
oil that finally accumulated in shallow
waters was removed by bucket brigades
and tank trucks. The blighted areas
soon recovered their normal population
of flora and fauna.

In contrast, the English use of
detergents—which contain solvents and
other constituents that are more toxic
than crude oil alone—wrought whole-
sale destruction. Conservationists writ-
ing in a special supplement to the
Journal of the Devon Trust for Nature
Conservation note that they continually
urged local officials to confine the use of
detergents to the main holiday beaches
but that “little or no regard was paid to
these requests.” The regional officer for
the Nature Conservancy, W. O. Cope-
land, adds that most local councils were
sympathetic to the conservationists’
pleas “but it was natural, with the start
of the holiday season so close, that im-
provement in the visual appearance of
beaches was regarded as top priority.”

Plant Insecticides (Cont.)

Evidence is rapidly accumulating that

several plants synthesize sub-
stances having the effect of ecdysone,
the hormone that regulates growth in
insects. The discovery adds an intri-
guing element to the earlier finding that
some plants synthesize analogues of
juvenile hormone, the substance that
must be present at certain times and ab-
sent at others if an insect is to develop
normally (see “Third-Generation Pesti-
cides,” by Carroll M. Williams; Sciex-

54

TIFIC AMERICAN, July). All the discov-
eries have a dual significance: they
promise useful insights into insect physi-
ology and they may lead to the develop-
ment of pesticides that are highly spe-
cific, affecting only the insects at which
they are directed.

The first discovery of plant ecdysone
was made by K. Nakanishi and T. Take-
moto of Tohoku University in Japan. In-
dependently but somewhat later similar
findings were made in the laboratory of
F. Sorm in Prague. The plants so far
found to produce ecdysone or ana-
logues of it include species of weeds,
evergreen trees and ferns. When the
larvae of insects are injected with the
substances, the insects often develop
abnormally. The situation is summarized
in Proceedings of the National Acad-
emy of Sciences by Tetsuya Ohtaki,
Roger D. Milkman and Carroll M. Wil-
liams, who have been working on the
problem at the Biological Laboratories
of Harvard University. They tested a
man-made synthetic ecdysone and six
plant ecdysones on the larvae of flesh
flies to see if the substances, when in-
jected into the larvae, caused them to
metamorphose into pupae. They report-
ed that “all materials showed high ac-
tivity” when injected but were “inactive
when topically applied to the unbroken
skin.”

Why certain plants should produce
ecdysone or analogues of it is a mystery.
One might conjecture that the plants use
the substances to protect themselves
against insect predators, but the hypoth-
esis is weakened by the fact that the sub-
stances seem to be ineffective when they
are applied to the skin of insects—a form
of dosage similar to the kind that insects
would receive in nature from coming in
contact with the plants. “Therefore,” the
Harvard group observes, “the presence
of high concentrations of these agents in
certain plants constitutes something of
an enigma.

Self-fulfilling Prophecies

Can a teacher’s expectations as to his

pupils” performance affect that per-
formance? Apparently so. When teach-
ers in an elementary school were told
that certain children were likely to
“bloom” intellectually, those children
(whose names had been picked at ran-
dom) showed greater gains than other
children during the school year. This
“self-fulfilling prophecy” in education
was reported at an American Psychologi-
cal Association meeting in September by
Robert Rosenthal of Harvard University
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and Lenore Jacobson of the South San
Francisco Unified School District.

In an earlier investigation Rosenthal
had found that an experimenter’s hy-
pothesis can bias his results in behav-
ioral research. Half of a group of ex-
perimenters were led to believe their
subjects (rats) had been bred for superi-
or learning ability; the other half were
told that their rats were genetically in-
ferior. In actuality there was no such dif-
ference in the two groups of rats. Yet the
animals that were believed to be bright-
er showed learning superior to that of
the “dull” ones in both maze and
Skinner-box tasks. The reason may have
been that the allegedly bright rats were
handled more—and handled more gent-
ly—than the allegedly dull animals.

If rats showed superior performance
when their trainer expected it, might
children do the same if their teacher ex-
pected it? A relatively nonverbal intelli-
gence test that was purported to be a
test that predicted imminent “bloom-
ing,” or intellectual growth, was admin-
istered in a West Coast elementary
school. In each of the 18 classes (an
average, below-average and above-aver-
age “track” in each of the six grades)
about 20 percent of the children were
reported to their teachers as being likely
to show unusual intellectual gains in the
coming year. Actually the names had
been picked by means of a table of ran-
dom numbers. The children were retest-
ed eight months later, the tests were
scored by the investigators and the
change in L.Q. for each child was com-
puted. As Rosenthal and Jacobson first
reported in Psychological Reports in
1966, for the school as a whole the
supposed “bloomers” showed a mean
gain of 12.2 points compared with 8.4
for the control group. The effect of ex-
pectations was greater in the lower
grades than in the upper grades: the
“bloomers” in the first and second
grades gained respectively 15.4 and 9.5
points more than the control children.
The effect was more striking (and more
independent of age) on the “reasoning”
than on the “vocabulary” portions of the
test; it was about the same regardless of
“track” level.

Teachers were also asked at the end
of the year to describe their pupils. They
characterized the “bloomers” as having
a better chance of becoming successful;
as being significantly more interesting,
curious and happy, and as somewhat
more appealing, adjusted and affection-
ate. Curiously those control-group chil-
dren who gained in 1.Q. were not rated
this favorably by their teachers; in fact,



This little *60 device
makes photomicrography
simple.

I's Canon’s exclusive Booster Meter accessory. At- o ——_—_—_—
tached to a Canon FT-QL 35mm camera (under $240,
with an /1.8 lens), it takes the guesswork out of find-
ing the proper exposure —whether you're shooting lab
notes, specimensorbacteriathroughamicroscope.Just
push a lever for precise through-the-lens spotread-
ings down to 30 full seconds of exposure.

Remove the Booster Meter and close-up accessories,
slip on the 50mm /1.8 lens (or any of the other 23
Canon lenses), and you can photograph your family on
weekends. The through-the-lens spotmeter assures
perfect exposures for every lighting situation. For full
information and our free booklet “Simplified Photo-
macrography/Photomicrography,” mail the coupon.

Canon

Canon Cameras, made in Tokyo, Japan by the
Canon Camera Co., are exclusively sold, serviced and guaranteed
throughout the U.S. and Canada by Bell & Howell.

I BELLs HOWELL

© 1967 SCIENTIFIC AMERICAN, INC

Bell & Howell Company
Department S9
7100 McCormick Rd., Chicago, lll. 60645

Gentlemen:
If you can make scientific photography easier, I'm in-

terested. Please send me your free booklet," Simplified
Photomacrography/Photomicrography.'

Name & Title
Firm or Company.
Address

City.




Announcing anew idea

for plant safety.

Functional colors can help a plant engineer spot unsafe practices because misapplications of hose are apparent.
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Uniroyal introduces first system
of functionally colored hose.
Standardizing on the five types
simplifies plant operationand
cutsinventory.

Today, everything comes in color. Including the
millions of feet of air, water, steam, oil and fire hose
that American industry buys each year.

The trouble is, no one takes advantage of the func-
tional benefits of color because hose manufacturers
have treated it as a sales gimmick. One manufacturer
promotes blue for his line of hose. Another favors
orange. A third, yellow.

That’s why Uniroyal is introducing an idea we hope
others will adopt. Functional color for plant hose.

The choice of colors was easy to make. Cool colors,
green and blue, for the ‘‘safe’’ materials, air and
water. Warm colors, red and orange, for the ‘‘dan-
gerous’’ materials, steam and petroleum products.

The fifth choice is just as logical. Uniroyal already
has a red-and-white fire hose called ‘‘Safety Stripe”’
which is gaining acceptance among safety people
because it stands out like a sore thumb.

Color can save money and even lives. Hose often
carries hazardous liquids and gases. The employee
who picks up a steam hose thinking it carries water
may be in for a painful experience.

The reverse is also dangerous. Using a piece of
water or air hose to transport steam is one common
cause of hose failure. Each year ‘“‘mistaken identity”
accidents chew up hose and sometimes people.

(Unlike green air hose or blue water hose, red
Uniroyal steam hose has several braids of steel wire
plus a special heat-resistant ‘‘crackless’’ rubber
construction to handle high-pressure 250 psi sat-
urated steam as hot as 407 degrees F.)

Standardizing on our ‘‘big five'’ color-coded hose
line makes it easier to take hose inventory (you can
tell at a glance what you have.)

The “big five' line also reduces inventory. We
estimate that these five types can handle 85 percent
of a plant’s hose needs. (Uniroyal makes more than
100 types of hose so we take part of the blame for a

NIROYA

The new worldwide
name of U.S. Rubber

Air. Water. Steam. 0il.
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The “‘big five" is the first line of functionally colored hose.
Cool colors are used for ‘‘safe’’ liquids and gases; warm
colors for hazardous products.

plant stocking more types than it really needs.)

One more thing. We don’t charge a premium for
the new line. We couldn’t very well take one step
forward and two backward.

Write for our 48-page master hose catalog featur-
ing the “‘big five' line.

Write to: Uniroyal Technical Advisory Service, 1230
Avenue of Americas, New York, New York 10020.

Uniroyal holds more patents
than anyother rubber company.
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Quartz gets an infrared high Q test

Crystal oscillators of varied
frequencies are used at every turn
in the Bell telephone network.

So Western Electric builds them
by the thousands. The quartz that
we use for most of these oscillators
we grow artificially. Therein

lay a problem.

There are some basic
differences between natural and
synthetic quartz. One of them is
“Mechanical Q," a number which
tells just how much internal
resistance will be met when a
given piece of quartz is set to
oscillating. High Q means low
resistance, and vice versa. For high

frequency oscillators we need high
Q; for lower frequencies we're
content with lower Q. But the Q of
cultured quartz varies widely, even
within a single slice.

Western Electric engineers
found that quartz crystals will
absorb infrared light in an amount
directly related to the Q value,
They first recorded the infrared
absorption of different types of
quartz, and of slices of different
thicknesses. Then they determined
Q by conventional means in
custom-built oscillators, From
this data they drew charts that let
technicians determine Q directly
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from spectrophotometer readings
. . . in minutes. Now we know
whether a given quartz crystal will
make a good oscillator early in the
manufacturing process.

Western Electric is one of the
world’s largest users of quartz.
And the leading manufacturer of
cultured quartz. The time and
expense we save now building
frequency oscillators helps the
Bell System continue to bring you
dependable telephone service at
low cost.

Western Electric

MANUFACTURING & SUPPLY LINIT OF THE BELL SYSTEM




the more the undesignated children—
particularly the slow-track control chil-
dren—gained in I.Q., the more they were
regarded as being less well adjusted,
interesting and affectionate. Rosenthal
and Jacobson point out that their find-
ings, which have been supported in sub-
sequent studies, may bear importantly
on current efforts to improve the educa-
tion of children in city slums. In addition
to the question of what a teacher’s at-
titude may do to a disadvantaged child,
there is a methodological problem: How
much of the effect of a given experimen-
tal educational project is due to the fa-
vorable expectations of teachers and ad-
ministrators?

The New Math of Physics

For more than 20 years theoretical

physicists have been trying to con-
struct equations that will predict what
happens when subnuclear particles col-
lide at high energies. Their efforts to use
the full content of quantum mechanics
have met with little success. Within the
past few years, however, limited but sat-
isfying predictions have been made with
the help of a mathematical technique
called the algebra of currents. Because
it parallels one of the methods devised
by Werner Heisenberg in 1925, just be-
fore quantum mechanics came to frui-
tion, some physicists hope that history is
about to be repeated and that a compre-
hensive theory of high-energy nuclear in-
teractions will shortly emerge.

Current algebra involves a set of
mathematical relations introduced in
1964 by Murray Gell-Mann of the Cal-
ifornia Institute of Technology. The
term “current” refers to a current of some
property of a particle in analogy with
electric current. Gell-Mann proposed a
way of describing this current in terms of
“operators,” or symbols, that do not com-
mute, in the mathematical sense of the
term. For example, operator J, times J,
does not equal J, times Jy; in fact, the
difference between these two products
lies at the heart of the method. It is
not easy to say what these noncommut-
ing current relations mean in terms of
known physical phenomena. They
can, however, be related to “quarks,”
the hypothetical particles of fractional
electric charge that Gell-Mann has also
invented. Although many efforts have
been made to find quarks, so far none
has succeeded.

The first important success with cur-
rent algebra was achieved by Stephen L.
Adler of Harvard University and Wil-
liam I. Weisberger, then at Stanford

University. Working independently, they
made modifications in the current-alge-
bra technique that enabled them to cal-
culate very accurately a particular value
(the axial-vector coupling constant) that
can be measured when a neutron de-
cays into a proton, an electron and an
antineutrino.

Other physicists quickly adopted the
new computational method and applied
it to a variety of difficult problems. An
important improvement in the method
was introduced by Steven Weinberg of
the University of California at Berkeley.
Largely with the help of such modifica-
tions, physicists have been able to cal-
culate for the first time how pi mesons
with energies up to 140 million electron
volts are scattered when they strike
proton targets and how such low-energy
pions are emitted when other particles
decay. Beyond that energy, however, the
method begins to fail.

The ferment is continuing. Recently
Julian S. Schwinger of Harvard has in-
troduced a rival computational method,
which he calls “effective Lagrangian,”
to obtain similar results. Weinberg, T.
D. Lee of Columbia University and
Bruno Zumino of New York University
have sought to show that the “current”
of current algebra must be related to the
fields that transmit nuclear forces and ac-
cordingly have named their modifica-

tion the algebra of fields.

Hidden Flaw

rl’he probable cause of the accident
that seriously damaged the Enrico
Fermi fast breeder reactor at Lagoona
Beach, Mich., on October 5, 1966, has
been identified. A foreign object about
eight inches long and a few inches wide
has been discovered inside the reactor.
Evidently it blocked the flow of sodi-
um, the cooling liquid, and allowed the
uranium-235 fuel to overheat and melt
in two of the fuel subassemblies. The
fission products released when the fuel
elements melted had triggered the
emergency shutdown of the reactor, the
first breeder in the U.S. designed to
supply commercial power. The reactor
had been built at a cost of $120 million
by the Power Reactor Development
Company, of which the Detroit Edison
Company was a leading sponsor.
Although the accident injured no
one, it was particularly unfortunate be-
cause concern about the reactor’s safety
had provoked a long legal battle to
prevent its construction. Permission
to proceed finally required a Supreme
Court decision. In their dissenting opin-
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ion justices William O. Douglas and
Hugo L. Black described the Atomic
Energy Commission’s support of the
proposal as “a lighthearted approach to
the most awesome, the most deadly, the
most dangerous process that man has
ever conceived.”

In a recent talk describing the exami-
nation of the damaged reactor, Walter
J. McCarthy, general manager of the
Power Reactor Development Company,
suggested a number of ways to reduce
the possibility of similar accidents in the
future. The most obvious need is for a
strainer inside the system that will catch
large foreign objects. (The object in-
side the Enrico Fermi reactor, seen so
far only in photographs, may have been
left in the system during construction.)
A filtering and monitoring system is
needed to protect against smaller con-
taminants. A ﬂow-monitoring system at
the outlet of each fuel subassembly
would be desirable but may be difficult
to design. There was adequate evi-
dence of a malfunction before the Fer-
mi accident, but it would have taken a
computer to analyze the data and pro-
vide the warning. A computer system
should be provided in the future. The
fission-product detector that finally
closed down the Fermi reactor had a
delay time of about 13 minutes. A de-
vice that monitored neutrons in the pri-
mary coolant system should be able to
respond in a tenth of that time. Finally,
McCarthy pointed out, nearly a year
was required to dismantle the damaged
reactor and get at the cause of the acci-
dent because provisions for such emer-
gency repairs had been inadequate.

Tale of Three Cities

/_\ comparison of common illnesses and
+ % medical services available in three
widely separated communities—one in
the U.S., one in Britain and one in
Yugoslavia—has brought to light some
striking similarities as well as significant
differences. Chosen for their compa-
rability and their proximity to a medical
center, the three communities are Chit-
tenden (near Burlington, Vt.), Chester
(near Cheshire in England) and Smed-
erevo (near Belgrade). The study, pub-
lished in a recent issue of The New En-
gland Journal of Medicine, was carried
out by an international team of 20 senior
investigators from eight institutions un-
der the direction of Kerr L. White of the
Johns Hopkins University School of Hy-
giene and Public Health.

The report is based on interviews
with about 1,000 children and adults in
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| each community, representing from 1 to

1.5 percent of the population. The sub-
jects were asked if in the last year they
had had such common “symptom/condi-
tions” as backache, boils, frequent colds,
severe headaches, stomach trouble, hem-
orrhoids, rheumatism, skin rashes or vari-
cose veins and if they could read a news-
paper and recognize friends without
glasses. They were also asked if they had
seen a doctor in the preceding two weeks
and if they had used “medicines, salves
or pills” in the preceding two days.

In all three communities almost ex-
actly 25 percent of those interviewed
said they had one and only one of the
12 physical complaints on the survey
list. There was a marked variation, how-
ever, in the number who complained of
more than one condition: 29 percent in
Britain, 35 percent in the U.S. and 49
percent in Yugoslavia. Moreover, Yugo-
slavs reported more conditions associ-
ated with “great discomfort” than either
Americans or Britons did. The report
notes that “the possibility of cultural
differences in perception and reporting
cannot be excluded.” In any event,
about twice as many Yugoslavs as
Americans and Britons said they had re-
cently been unable to carry on normal
daily activities or were confined to bed
because of illness. About 22 percent of
the Yugoslavs had limited their activity
and about 11 percent were confined to
bed for one or more days in the preced-
ing two-week period. The report notes
that “the higher levels in Smederevo
do not appear to be...‘malingering’ by
workers since the same patterns are
observed for children, who receive no
sickness-insurance benefits.”

Two other areas in which Yugoslavs
differed significantly from Americans
and Britons were in the use of eyeglass-
es and in the use of drugs. Only 27 per-
cent of the Yugoslavs over 18 years old
reported wearing glasses at any time,
compared with 61 percent of both
Americans and Britons. And in the two
days prior to being questioned only 19
percent of the Yugoslavs used drugs of
any kind, whereas drugs were used by
38 percent of the Britons and 48 per-
cent of the Americans.

Some of the similarities among the
three countries were equally striking.
For example, the number of people
who had consulted doctors in the pre-
ceding two weeks was almost the same:
13 percent in Yugoslavia, 15 percent in
Britain and 16 percent in the U.S. On
the other hand, there was a general re-
luctance in all three communities to see
a doctor even for conditions causing
great discomfort. Among Yugoslavs 86
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percent of such conditions were not re-
ported to doctors and in both the U.S.
and Britain the figure was 79 percent.

The similarities in behavior are all
the more striking when it is considered
that the U.S. community provided one
doctor for every 470 persons compared
with one doctor for 950 persons in
Chester and one for 1,170 persons in
Smederevo. For the U.S. as a whole
there is one doctor for about 650 per-
sons, a figure that has been constant for
the past two decades. In the past 15
years, however, there has been a 33
percent decline (on a per capita basis)
in the number of doctors who devote
themselves to family medicine. The ra-
tio now stands at one doctor for 2,000
persons.

As if speaking to this last point, the
report concludes that “in spite of sub-
stantial differences in ways of life, in or-
ganization of health services and in re-
ported morbidity and disability, people
in three widely differing communities
appear to consult doctors in a similar
fashion. The possibility exists that there
is a propensity for consulting doctors for
curative services, which may be unre-
lated to the number of doctors avail-
able.”

The Hazards of Smoking (Cont.)

l,_\stronomers at the Haute-Provence
Observatory in southern France are
presumably smoking less now but en-
joying it more. The roots of their deci-
sion go back to 1962, when D. Barbier
and N. Morguleff of the observatory
staff reported the appearance of highly
unusual emission lines at 7,665 and
7,699 angstrom units on the spectrogram
of an otherwise normal dwarf star desig-
nated HD 117043. The spectrogram was
made at the coudé focus of the observa-
tory’s 193-centimeter reflecting tele-
scope. The spectral lines were associated
with neutral potassium atoms and ap-
peared to indicate the presence of an
unusually bright “potassium flare” on the
star. Two years later the same investiga-
tors recorded a second such flare on the
spectrogram of a similar star, HD 88230.
This finding stimulated a systematic
search for potassium flares on stars rep-
resenting a wide variety of spectral
types, employing the Newtonian spec-
trograph of the observatory’s 120-centi-
meter telescope. Although this survey
produced no further flare observations,
a third flare was observed in 1965 by
Y. Andrillat, who again used the coudé
spectrograph of the 193-centimeter tele-
scope.
In a comparative study of the three



potassium-flare spectrograms published
in 1966, the French astronomers noted
that in spite of repeated observations of
the three stars in question the phenome-
non had not been observed to recur.
Moreover, with the exception of the po-
tassium lines, the flare spectrograms dif-
fered in no significant respect from other
spectrograms of the same stars. They
pointed out that in all three cases the
emission lines were extremely strong and
broad. In two cases observations made
before and after the flare showed that
the phenomenon did not last as long as
95 hours.

At this point a group of astronomers
at the University of California at Berke-
ley undertook a survey of 162 bright
stars for emission at 7,699 angstroms,
using a highly efficient narrow-band
photoelectric scanner located at the
prime focus of the 36-inch Crossley re-
flector at the Lick Observatory. No defi-
nite potassium flares were observed.
The Berkeley group did, however, come
up with a suggestion as to the possible
artificial origin of the bright emission
lines.

Writing in  Publications of the As-
tronomical Society of the Pacific, Robert
F. Wing, Manuel Peimbert and Hyron
Spinrad report that the artificial origin
of the lines was suggested by the fact
that the infrared resonance lines of po-
tassium are by far the strongest feature
in the spectra of ordinary matches.
They therefore proceeded to examine
match spectra with the coudé spectro-
graph of the 120-inch Lick telescope.
Several kinds of matches were tested,
including book matches, kitchen match-
es and safety matches; all were found to
have similar emission spectra, including
strong emission lines at 7,664.9 and 7,-
699 angstroms. A similar series of match
tests was then conducted at the Haute-
Provence Observatory, following the
same procedures used in obtaining the
stellar spectrograms. In addition to
showing that “there appear to be no sig-
nificant differences between French
and American matches,” the tests dem-
onstrated that the strong potassium
lines could have been recorded on the
spectrograms by light from matches
struck away from the optical axis of the
telescope and reflected down the axis
by a guiding device in the coudé room.

The Berkeley astronomers conclude '

that although “it has not been possible
to prove that the flare spectrograms ei-
ther were or were not a result of match-
es struck in the coudé room . . . the match
hypothesis presents the simplest and
most likely explanation of the spectro-
scopic observations.”
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LYSOSOMES AND DISEASE

Lysosomes are organelles of the living cell that contain digestive

enzymes. They play an important part in normal Iife processes, and

there 1s evidence that they are also mvolved 1n pathological ones

microscopy made possible the study

of pathology at the cellular level, it
became clear that changes in diseased
tissue depend on changes in the growth
and function of cells. In recent years the
electron microscope and the centrifuge
have made for increasingly effective in-
vestigations at the subcellular level. The
aim of the cell biologist is to identify the
enzymes that catalyze cellular reactions
and find out in what organelles of the
cell each reaction takes place. A specific
task for the pathologist is to identify and
localize the primary error in function
that may lead to a secondary disorder in
other organelles and systems; in other
words, to learn how disease processes
may begin with a specific malfunction
in an organelle. In certain disorders, for
example, the primary damage is to the
energy-producing reactions in the mito-
chondria; in others it is to the protein-
synthesizing apparatus of the ribosomes.
When lysosomes were first recognized
as distinct organelles, it was clear that
they would be of special interest in sub-
cellular pathology. It was in 1949 that
Christian de Duve and his colleagues at
the Catholic University of Louvain re-
alized that certain enzymes were segre-
gated within particles in the cytoplasm;
it was not until 1955 that they identified
the particles visually. Lysosomes are
small baglike organelles, usually spheri-
cal and about a quarter of a micron (a
four-thousandth of a millimeter) in di-
ameter, containing a variety of enzymes
that among them break down all the
major constituents of living things: pro-
teins, carbohydrates, fats and nucleic
acids. (Most of the enzymes function
more efficiently under slightly acid con-
ditions, and so they are known collec-
tively as acid hydrolases.) As one might
expect, such enzymes are involved in a

In the 19th century, when advances in
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by Anthony Allison

wide range of normal and disease proc-
esses [see “The Lysosome,” by Christian
de Duve; SCIENTIFIC AMERICAN, May,
1963]. They can digest things that enter
the cell; they can also break down part
or all of the cell itself or tissues outside
the cell. It now appears that in doing so
they are implicated in the development
and the death of tissues, in diseases such
as silicosis and gout, in cell division, in
the immune process and thus perhaps in
autoimmune disease, and in damage to
chromosomes. Their effect on chromo-
somes suggests that lysosomes may pos-
sibly play a central role in the induction
of cancer.

Lysosomal enzymes, like other pro-
teins, are synthesized in ribosomes with-
in the folded membranes of the endo-
plasmic reticulum [see illustration on
page 67]. In the outer part of a series of
vesicles known as the Golgi apparatus
the lysosomal enzymes are packaged
into organelles surrounded by single lip-
oprotein  membranes. These “nascent
granules” develop into “primary lyso-
somes” in which the enzymes are stored
in an inactive form, ready for use.

Once the identity of lysosomes was
established it soon became apparent that
a number of rather different looking
cytoplasmic bodies familiar to cell bi-
ologists are lysosomes. The granules that
are characteristic of the cytoplasm of
white blood cells are perhaps the most
typical lysosomes, but all animal cells
studied so far, with the exception of red
blood cells, have organelles containing
some of the characteristic hydrolytic en-
zymes and falling within the general
definition of lysosomes. Similar organ-
elles have been observed in plants, in-
cluding fungi and yeasts. Bacteria do
not contain lysosomes in the forms rec-
ognized in higher organisms, but hydro-
lytic enzymes with properties like those
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of lysosomal enzymes can be released
from bacteria by certain procedures. In
other words, the presence of lytic, or di-
gestive, enzymes that are normally en-
closed in membranes but can be released
by appropriate stimuli seems to be a
widespread characteristic of living orga-
nisms.

The Functions of Lysosomes

The simplest and the most obvious
role of a packet of digestive enzymes
within a cell is in necrosis and autoly-
sis, the death and self-dissolution of
tissues. The membrane of the primary
lysosome simply dissolves, liberating the
enzymes to consume the cell. This can
follow wounding or other damage to
tissue or it can take place naturally in
the course of development: when the
corpus luteum of the ovary degenerates,
for instance, or when a tadpole loses its
tail. Any time a tissue or an organ is iso-
lated from its supply of oxygen or nu-
trients under sterile conditions it breaks
down rapidly; the large molecules such
as proteins, lipids, nucleic acids and car-
bohydrates are digested, and there is evi-
dence that enzymes from lysosomes play
a part in the process. Rudolf Weber of
the University of Berne found that the
concentration of lysosomal enzymes in
the tail of an amphibian increases before
metamorphosis, and the concentration of
these enzymes—which as catalysts are

LYSOSOMES glow orange-red in the fluor-
escence photomicrograph on the opposite
page, made by M. R. Young and the author.
The cultured monkey-kidney cells were vi-
tally stained (stained without being killed)
with acridine orange, which concentrates in
lysosomes. Lower concentrations of the dye
in the nucleiproduce the green fluorescence.
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SPERMATOZOA of a guinea pig were vitally stained with acridine nuclei are green and the acrosomes, small sperm-cell organelles
orange and then photographed by fluorescence microscopy. The that contain some of the same enzymes as lysosomes, are orange.

” in the egg,

The enzymes in acrosomes break down the protective film around thus initiating a process that leads to cleavage and development.

ACROSOMES of long, thin rat spermatozoa are similarly stained. an egg and then apparently disrupt “cortical granules’
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not consumed in the process of tissue di-
gestion—increases as the tail is resorbed.

Soon after lysosomes were first de-
scribed it was suggested that the release
of their enzymes into the cytoplasm or
outside the cell might be the primary
event that accounted for many other and
different types of tissue damage. More
detailed scrutiny showed that biochemi-
cal changes in other organelles some-
times preceded those that could be dem-
onstrated in lysosomes; the conviction
grew that lysosomal release was a sec-
ondary effect. It now seems that both
situations can prevail. In some cases it is
virtually certain that the primary event
is an increase in the permeability of the
lysosomal membrane, with the conse-
quent release of hydrolytic enzymes. In
other cases the lysosomal changes may
indeed be secondary to reactions in
other systems.

A specialized form of autolysis occurs
in the cells of starved protozoa or mam-
mals: organelles such as ribosomes and
mitochondria somehow become incor-
porated in cytoplasmic vacuoles, or
membrane-enclosed cavities, that fuse
with lysosomes. The contents of the re-
sulting “autophagic vacuoles” are there-
upon digested, but the cell may often
survive. Autophagy appears to be a
mechanism by which, under unfavorable
conditions, part of the cell’s substance
—presumably currently unneeded ele-
ments—can be broken down and its con-
stituents utilized to provide energy or
material needed to maintain the life of
the cell.

The second obvious function of lyso-
somes is in intracellular digestion. This
process, as Elie Metchnikoff recognized
more than half a century ago, follows es-
sentially the same course in single-celled
animals and in what he termed the
“phagocytic” cells of mammals. Metch-
nikoft postulated then that bacteria in-
gested by phagocytic cells were digested
by “ferments” contained in the granules
visible in those cells. In 1960 James G.
Hirsch and Zanvil A. Cohn of the Rocke-
feller Institute showed that the granules
of the white blood cells called leukocytes
do contain the enzymes characteristic of
De Duve’s lysosomes—that they are lyso-
somes. Foreign particles such as bacteria
are ingested by the process now known
as endocytosis [see illustration on page
67]. The cell membrane folds inward to
form a pocket, the edges of which fuse to
enclose the particles in “phagosomes.”
The primary lysosomes become attached
to the phagosomes and discharge en-
zymes into them, forming “secondary
lysosomes.” Here the particles are more

or less completely digested; indigestible
material remains segregated from the
cytoplasm  within  “residual bodies,”
which may remain in the cell for a long
time or may fuse with the cell wall and
so discharge their contents.

The digestion of bacteria by leuko-
cytes is of course an important form of
defense against disease. Not surprising-
ly, bacteria have developed adaptations
that enable them to survive lysoscmal
attack. Several bacteria elaborate poi-
sons that kill leukocytes before the bac-
teria are themselves destroyed; others,
including those causing tuberculosis,
have thick, waxy coats that resist at-
tack by the enzymes. There are rare in-
herited diseases in which the lysosomal
system is ineffective. In one condition,
the Chédiak-Higashi syndrome, the lyso-
somal granules are abnormally large and
ingested bacteria may not be killed.
Comparable conditions exist in animals:
in mink with the Aleutian, or blue, gene
and in certain albino cattle [see “The
Kinship of Animal and Human Dis-
eases,” by Robert W. Leader; ScIENTIFIC
AMERICAN, January]. In another disease
the enzyme leukocyte oxidase is inactive;
bacteria or viruses are phagocytized but
are not digested in the usual manner. In
much the same way the inactivity of in-
dividual lysosomal enzymes may be re-
sponsible for certain “storage” diseases
in which a metabolic product that should
be broken down in the cell is not and
therefore accumulates in pathological
amounts.

Particles and Lysosomes

Most of the lysosomal disease proc-
esses investigated so far involve situa-
tions in which the untimely rupture of
the lysosomal membrane leads to some
form of cell damage. At the National In-
stitute for Medical Research in London
my colleagues and I have spent much
time studying the effects of small parti-
cles of silica, asbestos and other sub-
stances on cells. It is relatively easy to
follow the fate of these particles by mi-
croscopic examination, and so one can
be sure that the initial effects are lyso-
somal; moreover, the particles have sim-
ple chemical compositions, so that the
number of reactions they can initiate is
limited. The results bear not only on dis-
eases such as silicosis and asbestosis but
also on gout and perhaps inflammatory
processes in general. The fact that expo-
sure to asbestos particles is associated
with the development of some kinds of
cancer also provides one of the links be-
tween lysosomes and carcinogenesis.
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Most foreign particles taken into the
human body by inhalation—such as the
carbon particles that remain for years
within phagocytic cells in the lungs of
people who breathe smoke-polluted air—
are innocuous. However, certain inhaled
particles, including several crystalline
forms of silica (silicon dioxide), stimu-
late a severe reaction in the lungs, end-
ing with the deposition of fibrous tissue
that can lead to marked impairment of
lung function. The reaction proceeds in
two stages. First, the inhaled silica par-
ticles are ingested by phagocytic cells
in the lungs; these cells die, releasing the
particles, which are taken up by other
cells with the same result. Second, the
repeated death of phagocytic cells stimu-
lates a reaction of fibroblasts, cells that
synthesize and lay down nodules of col-
lagen fibers.

We analyzed these mechanisms sepa-
rately by studying each stage indepen-
dently in tissue culture. When phago-
cytic cells in culture take up silica parti-
cles, they are rapidly killed. When the
cells ingest nontoxic particles of the same
size and shape, such as diamond dust or
titanium dioxide dust, they survive. We
can show that lysosomal enzymes are
discharged into vacuoles containing ei-
ther the toxic or the nontoxic particles,
but that the nontoxic particles and en-
zymes remain within the lysosomes for
long periods, whereas silica particles
and enzymes escape quite rapidly into
the cytoplasm [see bottom illustration on
page 68]. The key factor seems to be the
readiness with which silica particles re-
act with lysosomal and other membrane
systems. We illustrate this by suspending
red blood cells with particles of different
materials that have the same size and
surface area. The red cells are lysed by
particles of many types of crystalline sil-
ica—but not by one type that also fails to
damage phagocytic cells or to stimulate
fibrosis in experimental animals, or by
other nontoxic particles.

The reactivity of silica particles ap-
pears to be due to the fact that silicic
acid is formed on their surface. Silicic
acid is unusual in having hydroxyl
groups that can form powerful hydro-
gen bonds with suitable acceptor mole-
cules—including certain groups in the
phospholipids and proteins that are
characteristic of cellular membranes.
Such hydrogen bonding is sufficient to
account for the disruption of lysosomal
(or red-cell) membranes. Evidence in
support of this interpretation comes
from the observation, made some years
ago by H. W. Schlipkéter and his col-
leagues at the University of Diisseldorf,
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PHASE-CONTRAST microscopy shows lysosomes as small black granules because of their
different light-refracting properties. These living kidney cells in culture are enlarged 1,000
diameters. Lysosomes clump near nuclei; mitochondria (dark gray) lie in the background.

FLUORESCENCE microscopy shows lysosomes as brightly glowing particles. These kidney
cells were photographed after being treated with methylcholanthrene, a cancer-inducing
substance that is concentrated in lysosomes. Nuclei and mitochondria do not fluoresce.

GOMORI METHOD, which depends on the presence in lysosomes of the enzyme acid phos-
phatase, yields a reaction product, lead sulfide, that stains lysosomes black. The photo-
micrograph shows mouse macrophages, large phagocytic cells, enlarged 1,600 diameters.
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that the polymer polyvinylpyridine-N-
oxide protects cells against the toxic ef-
fects of silica. This polymer is taken up
into lysosomes along with the silica. The
oxygen atoms of polyvinylpyridine-N-
oxide readily form hydrogen bonds with
the hydroxyl groups of silicic acid, and
thereby prevent the latter from bonding
with, and thus attacking, lysosomal
membranes.

That explains why silica is so toxic to
phagocytic cells: the particles are taken
up into lysosomes and damage lysosomal
membranes through hydrogen-bonding
interactions. The second problem re-
mains: How does the death of phago-
cytic cells stimulate the deposition of
collagen fibers? A. G. Heppleston and
J. A. Styles of the University of New-
castle upon Tyne have found that when
phagocytic cells in culture are incubated
with silica particles, they release a factor
that, when added to a second culture of
fibroblasts, stimulates the synthesis of
connective tissue fibers in it; the release
of such a factor could perhaps account
for the fibrous nodules of silicosis. The
chemical structure of this factor is still
not known, but certain polymers of the
sugar galactose are known to stimulate
fibrogenesis, and it is of interest that
these polymers are all taken up into
lysosomes.

Prolonged exposure to asbestos dust
can lead to asbestosis, a disease that,
like silicosis, is associated with the depo-
sition of fibrous tissue in the lungs. A
second hazard was recognized in 1960
by C. J. Wagner and his colleagues
in South Africa: the development of
malignant tumors in asbestos workers.
Many of these tumors are mesothelio-
mas, an unusual type arising from the
mesothelium, the layer of cells that lines
the body cavities. Similar tumors are
found in animals that have received in-
jections of asbestos particles in the chest
cavity, even when the particles have
been purified to remove possibly carcino-
genic hydrocarbon contaminants. Elec-
tron-microscope and other studies show
that asbestos particles are taken up into
lysosomes, from which some of them
later escape. Wagner has also found that
injections of silica particles into the tho-
racic cavities of rats lead to malignant
tumors of the thymus gland.

Another example of pathology due to
the effects of particles on cells is pro-
vided by gout, in which a metabolic de-
fect causes small crystals of sodium urate
to accumulate in the joints and produce
pain, swelling and other symptoms. Sev-
eral investigators have shown that the
crystals of sodium urate are ingested by
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CELL MEMBRANE

LYSOSOMAL ENZYMES (black dots) are synthesized, like other
proteins, in ribosomes of the endoplasmic reticulum and are then
packaged within the Golgi apparatus into small baglike particles
called nascent granules. These develop into primary lysosomes,
which sometimes secrete their contents outside the cell (middle
right) but in most circumstances store the enzymes until they are
required for intracellular digestion. Particles taken into the cell by

¥ i . .
‘c 3 Py v
v .
- ..'
o Ay ]
L
Fh o P,
» 4 -

the amoeboid process called endocytosis (left) are enclosed in
membrane-bounded vesicles called phagosomes. Primary lysosomes
fuse with the phagosomes and discharge digestive enzymes into
them, forming secondary lysosomes. The particles are thereupon
digested. Undigested material remains enclosed in residual bodies,
which may persist in the cell for some time or may fuse with
the cell membrane and so excrete their contents (bottom right).

phagocytic cells and that this leads to
the formation of factors producing pain
and other manifestations of inflamma-
tion. There is evidence that lysosomal
enzymes may be released in the process.
The role of lysosomes in inflammation
in general is a difficult problem. Inflam-
mation is marked, as ancient observers
realized, by four signs: swelling, heat,
redness and pain. It is a common reac-
tion in tissues damaged as a result of
infection, burns or the presence of a
noxious substance, and in many disease
processes. The swelling, redness and
warmth are caused by enlargement of
the blood vessels supplying the inflamed
area and the passage of fluid containing
protein (which is normally confined
within blood vessels) through the walls
of blood vessels into the spaces between
them. One of the proteins, fibrin (which
provides the structural basis of blood
clots), is deposited in the tissue spaces.
White blood cells also leave the vessels
and move into the tissues. Several chem-
ical mediators are liberated from dam-
aged cells or formed in inflamed tissues.

Among these are factors that increase
the permeability of blood vessels, in-
cluding histamine, serotonin and brady-
kinin, a peptide produced from serum
proteins by enzyme action. There are
also pain-producing factors and in some
cases pyrogens, which bring about a rise
in body temperature.

In this complex situation it is difficult
to know which reactions are primary and
which take place later. It seems clear,
however, that lysosomes are implicated
in some of the reactions. Basic protein
fractions from leukocyte lysosomes, iso-
lated by Hassan Zeya and John K. Spitz-
nagel of the University of North Caro-
lina, were shown by Aaron Janoft of
New York University to effect the re-
lease of histamine from certain cells.
John Herion and Hussein Saba of North
Carolina showed that such fractions in-
hibit a step in blood coagulation. S. Y.
Ali and C. H. Lack of the Royal National
Orthopaedic Hospital in London found
that a factor from lysosomes activates the
enzyme plasminogen, which in turn
breaks down fibrin. Lysosomal proteases
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(protein-digesting enzymes) probably
contribute to tissue damage in inflamma-
tion and participate in the formation of
bradykinin. Spitznagel and his col-
leagues have shown that lysosomes con-
tain a pyrogen, although it may not be
the only factor that is responsible for
tever. The role of lysosomes in inflamma-
tion is now under intensive study and
more precise definition is likely to
emerge in the next few years.

Effects of Dyes and Drugs

Among the substances that are selec-
tively concentrated in lysosomes are a
number of soluble dyes and drugs. The
localization of the dyes makes lysosomes
clearly distinguishable in photomicro-
graphs [see illustration on page 63] and
the localization of the drugs offers some
suggestive evidence as to their mode of
action. Among the drugs that are con-
centrated in lysosomes are the antima-
larial compounds chloroquine, quinine
and quinacrine. When malaria parasites
take hemoglobin from red blood cells,
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SILICOSIS, a lung disease, begins with the endocytosis of silica
(silicon dioxide) particles by phagocytic cells in the lung (1). Once
inside secondary lysosomes, the silica particles damage the lysoso-
mal membrane through a hydrogen-bonding reaction between

they ingest it into their lysosomes much
as leukocytes ingest bacteria, and so it
may be impairment of the lysosomal
mechanism that explains the effects of
some antimalarial drugs.

The precise effects of some drugs on
the lysosomal membrane are known.
Cortisone and related corticosteroids,
for example, stabilize the membrane,
making it less liable to rupture; this may
explain the broad anti-inflammatory ef-
fects of these drugs. A number of steroids
and other compounds weaken the mem-
brane, making it more permeable. One
such compound is carbon tetrachloride,
which is used against certain worms
that parasitize the intestines of mam-
mals. The digestive tract of these worms
is a tube of amoeba-like cells, each of

which ingests food and breaks it down
in lysosomes. Small doses of carbon tet-
rachloride damage the worm-cell lyso-
somes, and the massive release of hydro-
lytic enzymes kills the worms.

Dame Honor Fell and John Dingle of
the Strangeways Research Laboratory in
Cambridge have found that high doses
of vitamin A added to cultures of chick
embryo rudiments bring about the re-
lease of large amounts of lysosomal en-
zymes; the lysosomal protease that is
thus released digests the intercellular
matrix.

Lysosomes apparently also take part
in the action of certain hormones. Soon
after thyrotrophic hormone is adminis-
tered, for instance, there is an increased
uptake of colloidal substances into the
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silicic acid and the membrane (2). The lysosomal enzymes kill the
cell, releasing silica particles to be taken up by other cells (3). The
dying cells elaborate a factor that somehow stimulates specialized
cells to synthesize fibrous nodules that can impair lung function.

lysosomes of thyroid cells; the colloid is
digested and then the synthesis and se-
cretion of thyroid hormones proceeds.
Again, some eftects of insulin on blood
sugar are counteracted by glucagon;
liver lysosomes show marked changes
after glucagon is administered.

Some compounds that become con-
centrated in lysosomes produce fetal ab-
normalities. If the dye trypan blue or the
detergent Triton WR-1339 is adminis-
tered to pregnant animals, it is taken up
by the lysosomes of cells in the placenta,
the membrane that nourishes the fetus,
and a high incidence of abortions and
congenital defects results. High doses
of vitamin A, which have been shown
to decrease the stability of the lysoso-
mal membrane, produce similar results.

PHAGOCYTIC CELL that has recently taken up silica particles
(dark spheres) into phagosomes is enlarged 25,000 diameters in an
electron micrograph made by M. J. Birbeck and the author (left).
Primary lysosomes are free in the cytoplasm just above the phago-
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some at upper left or are about to discharge enzymes into the low-
er phagosome. In a micrograph made 18 hours after uptake of silica
(right), the lysosomal membranes have been damaged. Silica is
escaping into the cytoplasm, which is now visibly disorganized.



Whether the abnormalities are due sim-
ply to a lack of nutrition for the embryo
or to some other effect is still not estab-
lished; moreover, it is likely that some
other drugs produce fetal abnormalities
by nonlysosomal mechanisms.

There is a category of compounds that
tend to make the skin sensitive to the
action of light. Some years ago my col-
leagues Ian Magnus and M. R. Young
and I noticed that many of these photo-
sensitizing compounds accumulate in the
lysosomes of living cells, and we pro-
ceeded to study the phenomenon in ex-
perimental animals and in cultured cells.
The experiments with cells led to the de-
velopment of a convenient way to dam-
age various components of the living cell
selectively.

We incubate the cells in the dark with
substances such as neutral red, anthra-
cene or porphyrin, all of which are con-
centrated in lysosomes, and then illumi-
nate the cells with light of a wavelength
absorbed only by the photosensitizing
substance, not the living material. In this
way photooxidative damage to lysosomal
membranes is achieved, without any im-
mediate damage to the cell membrane
or nucleus or to the rest of the cytoplasm.
(If enough enzyme is released from lyso-
somes, the cells die after a short delay.)
Other photosensitizing dyes, such as
Janus green or acriflavine, selectively
sensitize mitochondria or nuclei respec-
tively. Still others, including eosin and
rose bengal, do not enter most cells at
all. They collect on the surface and in
the presence of light cause damage to
the cell membrane, killing the cells.

The induced photosensitization pro-
cedure has several advantages over other
methods of selectively destroying cel-
lular organelles. Photons of radiation
produce photochemical reactions only
where they are absorbed, and the rela-
tively long wavelengths we use are not
absorbed by most cell constituents. Ul-
traviolet or X rays, on the other hand,
attack many biological constituents, and
even if one aims a very narrow beam at
the nucleus or cytoplasm, it can dam-
age the cell membrane.

Lysosomes and Cell Division

One of the features of cells stained
with acridine orange is that mitotic, or
dividing, cells have comparatively few
lysosomes, and these lysosomes lie on
the periphery of the cell instead of near
the nucleus, as is usually the case. This
suggests that the breakdown of lyso-
somes may act as a trigger for mitosis in
cells that are prepared for it. To estab-
lish that the relation is causal, however,

ASBESTOS PARTICLES, dark rodlike objects, concentrate in phagosomes of a phago-
cytic cell, is enlarged 50,000 diameters in this electron micrograph made by J. A. Armstrong.

it is necessary to show that agents in-
creasing the permeability of lysosomes
induce mitosis in cells that would not
otherwise divide, whereas agents stabi-
lizing the lysosomal membrane can pre-
vent this mitogenic effect.

These questions have been studied in
experiments with lymphocytes, a species
of white cell involved in immune re-
sponses. Lymphocytes from the periph-
eral blood do not ordinarily undergo mi-
tosis in a cell culture, but if they are
treated with phytohemagglutinin, an ex-
tract of red kidney beans, they are “trans-
formed”: they enlarge, synthesize nucleic
acids and protein, and then divide. A
similar mitogenic eftect is produced by
afactor extracted from the pokeweed, by
a vegetable-oil fraction called phorbol A,
by certain bacterial toxins and by anti-
bodies against the lymphocytes them-
selves. The mode of action of these
agents has been studied primarily by
Kurt Hirschhorn, Gerald Weissmann and
Rochelle Hirschhorn at the New York
University School of Medicine and inde-
pendently by Livio Mallucci and me in
London. It has been shown that at least
some of the agents—the bacterial toxins,
the antilymphocyte antibodies and phor-
bol A—increase the permeability of lyso-
somal membranes. The mitogenic effects,
moreover, can be prevented by cortisone
and chloroquine, which are known to
stabilize the membranes. It seems, there-
fore, that mitosis is ordinarily inhibited
by some kind of “repressor” substance
and that the lysosomal mechanism is in-
volved in “derepressing” it.

The phenomenon of lymphocyte
transformation assumes biological sig-
nificance with the demonstration that if
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lymphocytes have been sensitized by
prior exposure to a particular foreign
substance, or antigen, transformation fol-
lows a second exposure to the antigen.
The sensitized cells multiply and can
participate in a particular type of im-
mune response that is carried out by the
lymphocytes themselves instead of by
free immunoglobulin molecules. Cell-
mediated immune responses of this type
are important in the reaction against
foreign cells or tumor cells. It is of inter-
est that the transformed cells contain
more lysosomes than normal lympho-
cytes; the lysosomes may participate
in the reactions by which the foreign
cells are destroyed. These reactions are
important because they prevent the
transplantation of kidneys and other
organs from one human to another, so
that it would be useful to understand
the underlying mechanisms and control
them.

The animal egg is another cell that
does not normally divide unless it is
stimulated to do so, as in the case of
fertilization. The spermatozoon has a
special organelle, the acrosome, that be-
comes detached as soon as the egg is
penetrated. E. F. Hartree and I found
that the acrosome shows the same up-
take of dyes as lysosomes and contains
several enzymes characteristic of lyso-
somes [see illustrations on page 64].
These include hyaluronidase and pro-
teases, which break down the gelatinous
material around the egg. In the outer
part of the egg itself there are “cortical
granules” with the same enzymes and
staining reactions as lysosomes. Apart
from their role in facilitating the pene-
tration of the sperm head into the egg,
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PHOTOSENSITIZATION offers a means of selectively killing
parts of the cell. Some dyes, such as eosin, remain associated with
the cell membrane (1). Exposure to visible light of a wavelength
absorbed by the dye (2) damages the membrane, causing the death
of the cell and the extrusion of cytoplasm (3). Other dyes are taken

enzymes from the acrosome seem to ini-
tiate disruption of the cortical granules,
beginning a chain reaction that spreads
rapidly around the egg. (The cortical
granules in frog eggs can be disrupted
physically, as by puncturing the mem-
brane of the egg with a needle, to stimu-
late parthenogenetic cleavage in the ab-
sence of a sperm. In sea urchin eggs
parthenogenetic cleavage can be in-
duced by other agents, including anti-
bodies that react with cortical granules.)
After disruption of the cortical granules
the outer layers of the egg are broken
down, a new membrane resistant to en-
zymatic attack is formed underneath and
various synthetic reactions proceed, cul-
minating in cleavage.

There are some hints as to how hydro-
lytic enzymes might, paradoxically, ini-
tiate synthetic reactions. Alberto Mon-
roy and his colleagues at the University
of Palermo have found that ribosomes
from unfertilized sea urchin eggs syn-
thesize very little protein, whereas ribo-
somes from fertilized eggs synthesize
freely. Brief exposure of the former to
proteases stimulates protein synthesis,
apparently by removing an inhibitor that
is a protein or a peptide. Whether the
derepression that follows the release of
enzymes is entirely due to the destruc-
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tion of inhibitors or whether other fac-
tors are involved is still not known.

Chromosome Damage

The photosensitization technique has
the advantage that by regulating the
amount of radiation one can control ac-
curately the amount of lysosomal enzyme
release and consequent cell damage. Gil-
lian Paton and I found that if a moder-
ate amount of enzyme is released in
human body cells by this technique,
chromosome breaks and rearrangements
appear. We concluded that strands of
deoxyribonucleic acid, the genetic ma-
terial, had been attacked by the enzyme
deoxyribonuclease (DNAase) from lyso-
somes.

Lysosomal DNAase has been studied
intensively by Giorgio Bernardi of the
Center for Research on Macromolecules
in Strasbourg and others. It has some in-
teresting properties. The enzyme mole-
cule has two active sites, and so it can
attack both strands of a double helix of
DNA at the same time [sce illustration
on page 72]. Whereas breaks in one
strand of a DNA double helix are known
to be very efficiently repaired, breaks of
the type induced by lysosomal DNAase
are not; they are more likely to persist.
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into the cell; neutral red becomes concentrated in the lysosomes
(4). Exposure to light of a wavelength absorbed by such a dye (5)
damages the lysosomal membrane, releasing enzymes that only
later cause the cell to swell up and die (6). Photons of light that
miss lysosomes pass through the cell without causing damage.

(Although the lysosomal enzyme works
best under acidic conditions, there is
considerable activity at physiological hy-
drogen-ion concentrations, provided that
the concentration of salts is not too high.)

We have found that when isolated
chromosomes are incubated in the pres-
ence of lysosomal DNAase, breaks are
produced; enzymes attacking protein or
ribonucleic acid remove some material
from chromosomes, but they do not pro-
duce breaks. Apparently the linear in-
tegrity of chromosomes is maintained by
the DNA helix. We do not have direct
evidence that lysosomal DNAase can en-
ter nuclei and break chromosomes in
living cells, although our recent obser-
vations strongly suggest that this is the
case.

Lysosomes and Cancer

Lysosomal induction of chromosomal
changes may help to explain the origin
of certain types of cancer. The agents
known to produce cancer fall into three
major classes: physical, chemical and
viral. The important physical agents are
ultraviolet and other ionizing radiations.
The chemical carcinogens are numerous
and structurally diverse, including poly
benzenoid hydrocarbons, various or-



ganic compounds containing nitrogen,
female sex hormones given in excess
under certain conditions, metals and
asbestos and silica particles. Many can-
cer-producing viruses are known, and
they differ in their properties. Some
contain DNA, others RNA; some multi-
plyin thenucleus, othersin the cytoplasm;
some contain lipid and are formed in
close association with cell membranes,
others do not contain lipid and are
assembled independently of cell mem-
branes.

In this situation a central problem in
cancer research is to find some common
reaction in cells that can be triggered
by such a bewildering variety of cancer-
inducing agents. To be sure, there may
be several different cancer-producing
mechanisms. Perhaps, however, there is
only one, and in our present state of
knowledge we should follow Occam’s
principle and try to reduce the number
of hypotheses about cancer induction to
a minimum.

Chromosomal changes might be the
common factor. Most authorities agree
that transformation from normal to ma-
lignant cells must be regarded as a mu-
tation, in the sense that progeny cells
inherit the abnormal growth potential
and other properties of parental malig-
nant cells. It can therefore be concluded
that some change in genetic material oc-
curs. Mutations are usually produced in
one of two ways: point mutations involve
substitutions of one or a few base pairs
of DNA, and often lead to formation of
a single abnormal protein; chromosomal
mutations involve the breakage of chro-
mosomes and their reunion with pieces
(much larger than those affected by point
mutations) deleted, inverted or dupli-
cated. There are reasons for believing
“that changes of the second type are more
relevant to carcinogenesis.

It has been known for many years that
the chromosome constitution of malig-
nant cells is often abnormal. Most au-
thorities feel that the marked abnormali-
ties often seen in fully developed or
transplanted tumors, involving unusual
numbers of chromosomes and other
changes, are secondary modifications in
cells that are already malignant, that al-
though these abnormalities may con-
tribute to such properties of the tumor
cells as lack of differentiation and inva-
siveness, they cannot be invoked to ex-
plain the original transformation. Other
evidence suggests, however, that chro-
mosomal anomalies can precede and lead
to malignancy.

An example is the chromosomal ab-
normality associated with a human can-
cer of blood cells, chronic myeloid leu-
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HUMAN CHROMOSOMES, enlarged 2,000 diameters in this photomicrograph from the
author’s laboratory, were broken by enzyme from lysosomes damaged by photosensitization
effects. There is a simple break (A4) and another that was followed by a relocation (B).

GIANT CHROMOSOME of the midge Chironomus is attacked by highly purified lysoso-
mal deoxyribonuclease (DNAase) in this series of phase-contrast photomicrographs made
in collaboration with M. Lezzi and Giorgio Bernardi. The enzyme attacked the DNA
at vulnerable sites and within 15 minutes had broken the chromosome in two places.
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kemia. This is a partial deletion of a
small chromosome, No. 21; the deletion
can precede detectable malignancy and
may in some cases have been produced
by ionizing radiation. Other examples
come from two rare inherited diseases of
children, known after their discoverers
as Fanconi’s anemia and Bloom’s syn-
drome. Children with either of these
conditions have a greatly increased tend-
ency to develop cancer of the blood or
epithelial tissues. Several groups of in-
vestigators have found that when cells
from these patients are cultured, they
show numerous chromosome breaks and
other aberrations. It has been suggested
that this chromosome breakage is due
to an abnormal release of lysosomal en-
zymes, although it is not yet certain
whether this is true. It is at least clear
that the tendency in human subjects for
chromosome breakage to develop spon-
taneously is correlated with an increased
risk of cancer. Agents increasing the in-
cidence of malignancy also increase the
rate of production of chromosome rear-
rangements.

The central question, then, is whether
the chromosomal abnormalities are the
cause of malignancy or simply a concur-
rent phenomenon. If the latter is the
case, then one would have to postulate
that many different processes can inde-
pendently produce both malignant trans-
formation and chromosomal aberrations.
It is simpler to accept as a working hy-

pothesis that chromosomal aberrations
are induced by carcinogenic factors and
are themselves responsible for the malig-
nant process. The main argument against
such a view is that if cells from early
cancers are studied, they often seem to
be normal. Still, deletions that are quite
large in terms of the number of genes
involved might be overlooked by current
cytological procedures.

This line of reasoning explains why
the involvement of lysosomes in chro-
mosome breakage may be important in
certain types of tumor induction, and
why we have examined the effects of
various cancer-producing agents on lyso-
somes. As I have indicated, asbestos and
silica particles certainly affect lysosomes.
The polybenzenoid hydrocarbon carcin-
ogens such as benzopyrene and methyl-
cholanthrene are concentrated in the
lysosomes of living cells. Small amounts
of these hydrocarbons produce cancers
in mice if they are followed by treatment
with so-called cocarcinogens. The most
effective cocarcinogen is phorbol A,
which Weissmann has shown to increase
the permeability of isolated lysosomes.
The only steroids that are effective in
cancer production are the female sex
hormones and the synthetic analogue
diethylstilbestrol, all of which weaken
lysosomal membranes. Release of en-
zymes from lysosomes also follows mod-
erate doses of ultraviolet or ionizing ra-
diation in several experimental systems.

LYSOSOMAL
DNAase

DOUBLE HELIX of DNA is completely cleaved by lysosomal DNAase molecule (color),
which has two active sites and can cut both strands (top). The DNA backbone consists of
sugar molecules (pentagons) connected by phosphate groups; the lysosomal enzyme leaves
a phosphate group attached to the so-called 3-carbon of a sugar molecule. DNAase from
the pancreas cuts only one strand (bottom), releasing 5-phosphate instead of 3-phosphate.
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Cancer-producing viruses all produce
chromosomal  aberrations,  although
these may be incidental to the transfor-
mation from normal to malignant cells.

My colleagues and I have found that
if selective damage to lysosomes is pro-
duced in embryonic cells by the photo-
sensitization technique, a small propor-
tion of these cells develop malignant
potential: they produce tumors when
they are injected into young animals of
the same genetic constitution. Their effi-
ciency in tumor production is low com-
pared with that of certain viruses, but
the results suggest that lysosomal dam-
age represents one way by which tumors
can be induced. Many years ago the
Italian geneticist Adriano A. Buzzatti-
Traverso found that if the eggs of the
fruit fly Drosophila were treated with
neutral red and light, some cells of the
hatched flies would be normal while
others had abnormal chromosomes. The
mechanism was not understood at the
time, but it may well have been lyso-
somal enzyme release, and the results
are remarkably analogous to the genetic
changes expected in tumor induction. I
have mentioned the inherited abnormal-
ity of lysosomal structure and function
in the Chédiak-Higashi syndrome. Many
affected children who survive early
bouts of recurrent infection develop ma-
lignant disease of the spleen and lymph
glands. This again suggests a connection
between lysosomes and susceptibility to
cancer. The possibility is not yet exclud-
ed, however, that these children harbor
a cancer-producing virus or other orga-
nism.

This raises the general problem of
whether all tumors are due to viruses,
with other cancer-inducing factors such
as chemicals or radiation merely facili-
tating the action of latent viruses. Un-
fortunately there is no way of testing
this hypothesis; it has not been possible
to obtain animals free of viruses, even
by rearing them in germ-free tanks.
Moreover, although the presence of a
virus can be demonstrated, it is never
possible formally to prove the absence
of viruses. Since only hypotheses that
can be tested are productive, the con-
cept that all tumors are virus-induced
is simply not useful at present, and one
is justified in looking for alternative
hypotheses. The suggestion that lyso-
somes may be involved in certain types
of cancer induction provides a work-
ing hypothesis that can be tested at
various points. It has helped to let in
some new light on an old and obscure
problem, but it would be premature to
conclude that it offers a definitive solu-
tion.



We have some pertinent inputs on titanium for your
memory bank.

To attack a problem like the one on the scope, your
computer will also need tangent modulus, compressive
yield strengths at temperature, stress-strain curves, tension
and compression . .. and other data TMCA has available
after seventeen years experience with titanium.

The data could be helpful the next time someone asks
your computer to solve structural problems involving
stress, high loading, weight limitations, impact, heat, cor-

rosion, erosion and fatigue . . . all the matters to which an
efficient structural material should provide answers.
Titanium provides them. What's more it is fabricable,
weldable, formable, machinable. And it is available now.
A well-bred computer will also name the leading pro-
ducer of titanium:

TITANIUM METALS CORPORATION OF AMERICA
233 Broadway, New York, N.Y. 10007
New York, Cleveland, Chicago, Dallas, Los Angeles, Seattle.

TI ‘ >
titanium
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RAPID EXCAVATION

Excavating from the surface 1s normally cheaper than tunneling

underground, but 1ts undesirable side effects and the evolution

of excavating machines make tunneling increasingly attractive

an has always dug into the crust
M of the earth. His initial motiva-

tion, which is still his most im-
portant one, was to mine the raw ma-
terials from which to shape the tools and
structures that would enable him to con-
trol his environment. Indeed, the early
epochs of man—the Stone, Bronze and
Iron ages—derive their names from the
primary mined material on which their
technology was based.

Throughout history the advance of a
civilization has been marked by increas-
ing amounts of excavation. Rises in pop-
ulation and affluence have always been
accompanied by expanding activity in
the quarries and mines as public and
private buildings became more numer-
ous and elaborate and as technology re-
quired more and better materials. As
urbanization advanced with increased
wealth the tools and techniques of the
miner were applied for other purposes.
The improved transportation and com-
munication networks, the aqueducts,
sewers, irrigation canals and other pub-
lic utilities that are the requisites of con-
centrated population and social progress
called for increasing modification and
penetration of the earth’s surface.

Clearly excavation technology has
been basic to the advance of mankind
through the ages. Yet until recently its
adequacy for the tasks at hand has never
been widely questioned. It is therefore
significant that during the past year or
two the term “rapid excavation” has been
used with increasing frequency. The
reasons for this development are that the
need for improved excavation technolo-
gy has become urgent and that the op-
portunities for a substantial leap forward
are excellent.

N in the past, increasing population
and urbanization are creating criti-
cal needs for materials, facilities and
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structures dependent on excavation.
Some new factors, however, are placing
unprecedented demands on excavation
technology. One factor is the sheer size
of the modern excavation task. Just to
obtain the minerals and solid fuels pro-
duced in the U.S. in 1965, nearly 10 bil-
lion tons of earth had to be moved.
Within the next 20 years the nation’s
mineral requirements are expected to in-
crease more than twofold. Excavation
for highways, water supply, sewers, rap-
id transit systems and urban develop-
ment is also increasing rapidly.

The major share of excavation today
is done by surface methods. Obviously
for many types of structure, such as ca-
nals, building substructures and most
highways, there is no good alternative
to surface technology. For many pur-
poses, however, there is a choice; surface
methods are usually selected because of
the substantial advantages they offer in
economics or speed or both. It is for these
reasons that more than 80 percent of
the metals we use comes from open-pit
mines, even though tremendous volumes
of the waste rock that usually covers an
ore body must be removed just to expose
the ore for mining. In the case of copper
the present average stripping ratio is two
tons of waste to one ton of ore; for strip
coal mines the ratio averages more than
20 to one.

In highway construction large open
cuts in rock can usually be made at less
cost than the tunnels that might oth-
erwise be preferable and that would
require excavation of a much smaller
volume of material. Cut-and-cover tech-
niques generally are used to excavate
in soft, unconsolidated ground for sub-
ways, sewers and other urban utilities
simply because the costs are much less
than the cost of tunneling.

Public concern and resistance to these
surface excavation methods, however, is
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growing. The deleterious effects of strip-
mining on the land and environment are
receiving increasing attention from state
governments and the Federal Govern-
ment. The use of cut-and-cover methods
in congested urban areas is becoming
progressively more undesirable because
of the inconvenience, and often the fi-
nancial loss, that frequently results when
a busy street is ripped up. The bitter
controversy that almost inevitably at-
tends the selection of surface routes for
urban superhighways would certainly
be reduced and might be eliminated if
economically feasible subsurface alterna-
tives were available.

Why have surface excavation equip-
ment and methods so far out-
stripped underground excavation tech-
nology? Among the reasons are the easy
availability (until recently) of mineral
deposits near the surface; the compara-
tively modest requirements (until re-
cently) for underground public utilities;
the stage of development of the earth
sciences, and the state of technology re-
lating to materials and machines. The
principal reasons, however, are related
to the nature of excavation technology.

Making an excavation in the earth al-
ways involves four basic steps. First, the
soil or rock must be broken loose. This
step can be accomplished in many ways,
ranging from pushing a spade, an au-
ger or a power shovel into the ground
to detonating explosives placed in drill
holes.

Second, the loosened material must be
picked up and moved out of the way so
that a fresh face can be attacked. Some-
times the material can be merely cast
aside with the shovel used to pick it up,
but in many instances it must be loaded
into a container and transported to a dis-
tant point for disposal.

The third step is to make sure that the



boundaries of the excavation remain in-
tact. In many kinds of ground and for
many types of excavation the only re-
quirement here is that the geometry and
size of the hole be such that its walls,
bottom and roof (if there is one) will
stand unsupported. Where the opening
will not stand unsupported, shoring of
some kind must be installed.

Finally, the environment within the
hole must be controlled. Fluids in the
earth’s crust, such as water and gas,
must either be prevented from entering
the excavation or quickly removed from

CUTTING HEAD of a continuous tunneling machine consists of an
array of rotating bits with tungsten carbide teeth. A closeup view
of the cutting devices appears in the painting on the cover of this

it. Temperature and atmosphere must be
controlled to provide a safe environment
for workmen.

Obviously these four steps are inter-
related and more or less interdependent.
In many cases two or more of them can
be combined, particularly when a shal-
low surface excavation in soil or soft rock
is being made. The spade or the power
shovel, for example, can be used both
to break the ground and to move it away
from the working face.

The relative importance of each of
these steps depends on the situation.
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For instance, in tunnels driven in soft,
water-saturated soil the difficulty of sup-
porting the ground to maintain the open-
ing is paramount and governs the rate
of advance and the economics of excava-
tion. For tunnels in hard rock, which
will stand open with little or no artificial
support, rock breaking is the most criti-
cal element.

The technology of excavating in rock

has changed little in its essentials
since drilling and blasting with gunpow-
der were introduced early in the 17th

issue. These cutters are designed for tunneling in hard rock; other
types of cutters can be put on the head for use in softer formations.
The machine can advance at a rate of about four feet per hour.
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MACHINED TUNNEL was made in St. Louis by a continuous tun-
neling machine. The smooth wall in the foreground was produced
by the machine; the rougher walls in the background are in a por-

century. Until very recently advances
consisted chiefly in improved mechani-
cal versions of the same types of tools
used by medieval miners. To be sure,
the performance of the modern com-
pressed-air rock drill is spectacular com-

TUNNEL FACE made in the St. Louis sewage line by the continu-
ous tunneling machine appears at left. At right the cutting head of
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pared with the old method of drilling
with a hammer and chisel. Similarly,
modern dynamite and other high ex-
plosives are much more efficient and
comparatively less expensive than black
powder. Just as striking are comparisons
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tion of the tunnel that was driven by conventional techniques of
drilling and blasting. The tunnel, which is eight feet in diameter,
was driven through hard limestone. Best day’s progress was 72 feet.

of large power loaders used today with
hand shovels and of modern trucks,
trains and belt conveyors with wheel-
barrows. But the sequence of acts as per-
formed today to make an excavation in
rock is essentially the same as it has been

the machine is shown breaking into the hand-driven portion of the
tunnel. Average life of the machine’s cutter wheels was 500 hours.
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copper developments

Laboratory on wheels. This one-in-the-world Mercer-Cobra

sports car was created by the copper and brass industry to dramatize
styling and engineering innovations. Its design relates to the classic
Mercer of 1911 vintage and features the rich, warm tones of copper,
brass and bronze for an elegance and individuality often lost in the
evolution of auto design. The Mercer-Cobra has impressed automotive
manufacturers and millions of motor enthusiasts in North and South
America and Europe by focusing interest on the beauty and

functional advantages of copper and copper alloys in automobiles.

ONLY COPPER
AND ITS ALLOYS COMBINE
THESE ADVANTAGES. ..

« Best electrical and thermal
conductivity « Very good spring
properties « Superior corrosion
resistance + Excellent joining,

plating, polishing and finishing Greater safety and longer life are possible in tomorrow's cars with features that
« High ductility « Outstanding include: copper disc brakes to lower braking temperatures and thus provide
. e . superior wear and fade characteristics...new welded brass radiator tube and
machinability - Wide range of copper fins to achieve higher performance at lower cost . .. new copper alloy brake
colors « High salvage value. lines to add reliability through outstanding corrosion and fatigue resistance.

Copper Development Association Inc., 405 Lexington Avenue, New York, N.Y. 10017
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“The oral cancer project kept us
constantly on the move,
from village to village throughout India.
To document our findings; ¢olor elose-ups of the lesions
were of paramount importance.

But we had neither the time nor the facilities

to develop the film on the spot.
W@ - And the people we photographed were -
always disappearing, so if the pictures turned out ba.dh
: weneverhad'anothercrackatﬂlem” -

"‘_-..E&J_‘?‘

o ,..‘

The Head of the Dental Research Unit really needed a  up for documentation and further study back at the Insti-
professional photographer, complete with a portable re- tute in Bombay. But since a photographer and darkroom
frigerated darkroom. were expensive as well as unmanageable, he decided to use

His project, at the Tata Institute of Fundamental Re- the Polaroid CU-5 Close-up camera.
search, was to correlate the tobacco smoking and chewing His assistants could work it easily as it takes care of
habits of the rural population of India with incidences of  lighting, focus, exposure and field size all by itself.
oral cancer and precancerous lesions. Instead of sending the film 600 or 700 miles back to Bom-

For every lesion found, he needed a detailed color close- bay for developing (which would take about two weeks),
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he had a sharp, perfect color close-up in 60 seconds.

And this was vital, because if he didn’t get the shot he
wanted the first time around, it was often impossible to
get the villagers to come back for a second sitting.

A few might show up at the medical station for treat-
ment. Others might return to their farms or villages. Or
make a pilgrimage.In mostcases,theywere lost to the study.

With the CU-5, however, if the first shot was unsatis-

Polaroid®

factory, they’d know about it in 60 seconds and could snap
a second one on the spot.

After constant use on the cancer project, the Head of
the Research Unit sent us a letter with his coldly objective
appraisal of our CU-5 camera.

He said, “It’s just stupendous.”

The Polaroid CU-5 Research Camera

Polaroid Corporation, Cambridge, Mass. 02139
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oila.

It’s awhole new
ball game.

We’re doing it. We'’re really, real-
ly doing it. Sales this year are up a whop-
ping 85%,. And still going strong.

Needless to say, the outlook was
not always so rosy.

But yesterday was yesterday. We
fixed what needed fixing, and frankly we’d
rather not dwell on the past.

We’d much rather dwell on the
little hero that put us back in the run-
ning again: The Renault 10.

The car does everything an econ-
omy car should do, and does it well. It is
the complete economy car.

It gets an honest 35 miles to the
gallon.

It can, thanks to its 5 main bear-
ings, cruise all day long at a top speed of
84 m.p.h. (Some great big cars don’t
have 5 main bearings.)

It can, thanks to its 4-wheel disc
brakes, stop on a dime.

It goes 40,000 miles on a set of
our Michelin X tires. ($5 more per tire, but
well worth it.)

It goes 18,000 miles or 2 years be-
fore you even have to consider water or
anti-freez&

It has seats that give cars costing
$5,000 a run for the money.

But the Renault 10 costs under
$2,000. Way under $2,000.

If all this sounds a bit boastful,
please forgive us. It’s just that it feels so
great to be on the way up again.

In fact, things are looking so good
that we've just signed a 20-year lease
on a new national headquarters building

in Englewood
Clifts, N.J HEN A” @
Weplan

to be in this ball game a long, long time.
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for more than 300 years. The trend has
been toward larger and larger machines,
which increase labor productivity, or in
effect reduce the amount of expensive
human energy required per unit volume
of rock excavated. Here is the key to the
substantial advantages in efficiency and
economics of modern surface excavation
methods compared with underground
technology.

Working from the surface, of course,
offers other advantages. The job can be
spread out over long distances and large
areas, so that the various steps of the
excavation cycle can be attacked simul-
taneously. Drilling can be conducted in
one location while the loading of broken
rock proceeds concurrently at another,
which was previously drilled and blast-
ed. The scale and duration of the various
steps may be much larger and longer on
the surface than underground. For ex-

CONVENTIONAL METHOD of tunneling involves a series of
operations that must be carried out more or less separately because
of the limitations of space. The first step (top) involves drilling
small holes in the face of the tunnel for explosives. In the second

ample, many thousands of tons of rock
can be broken with a single blast in a
surface operation, compared with the
mere hundreds of tons that are the maxi-
mum possible in a mine or tunnel head-
ing. Thus it is possible for even a large
shovel or drill to work on the surface at
essentially one location for days at a
time rather than minutes or hours, as is
usually the case underground. Access
for moving equipment and materials to
and from the working place or places
can usually be provided during surface
excavation without significant interfer-
ence with operations in progress.

rI‘he nature of the problems of under-

ground excavation can be illustrated
by considering the simple driving of a
horizontal bore or tunnel into moderate-
ly hard sedimentary rocks such as sand-
stone or limestone. In order not to com-

plicate the problem let us assume that
we are penetrating a ridge above the
water table in an area where the geology
is simple. The rock formations would be
essentially horizontal and continuous
and relatively uniform in hardness and
strength. We would expect to encounter
only a few areas of minor faulting and
jointing where it might be necessary to
install timber or shoring of some kind to
support the walls and roof of the tunnel.

The size and configuration of the tun-
nel would depend on the use for which
it was intended. It might have a 10-by-
12-foot rectangular cross section if it
were driven to gain access to a mineral
deposit. It could have a circular cross
section 11 feet in diameter and be lined
with concrete if it were to be used to
convey water to a city or to irrigate an
arid region. Or it might have a horse-
shoe shape 30 feet high and 20 feet
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step the explosives are detonated, creating a pile of “muck,” or
rubble, that in the third step must be carried away (bottom).
Other operations that are often necessary include shoring the tun-
nel, extending rail lines into the tunnel and ventilating the tunnel.
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CLTEER

CONTINUOUS METHOD of tunneling makes use of a self-pro-
pelled machine that pushes the cutting head against the face of the

wide if it were to be a railroad tunnel.
In order to simplify the illustration fur-
ther let us assume that we have made
the initial penetration, have established
the portal and have progressed some dis-
tance into the ridge.

he size, kind and amount of equip-

ment we could use for such a project
would of course depend on the size of
the tunnel. For smaller cross sections the
contractor would begin the excavation
cycle by bringing two to four pneumatic
rock drills to the tunnel face. The drills
might be large, heavy machines carried
on booms that can be moved into posi-

tion hydraulically and that in turn are
mounted on a “jumbo,” or drill carriage.
Or they might be light drills, equipped
with pneumatic “pusher legs,” easily car-
ried by one man. For larger tunnels a
jumbo of some kind carrying 10 or more
drills would invariably be used. In any
case, we must now proceed to drill from
20 to more than 100 holes of small diam-
eter, at various angles, from eight to 20
feet into the face. Next we must charge
the holes with explosive, insert a detona-
tor into each and prepare the fuses or
attach the electric lead wires necessary
to set off the blast. After the men and
equipment have been removed to a safe

tunnel at high pressure. The muck cut away from the tunnel face by
the cutting head is deflected into the muck buckets, which deliver

distance from the face, the charges are
detonated to break the rock.

As soon as the smoke and fumes are
cleared through the forced-ventilation
ducts that must be provided in any
underground operation, the mechanical
loader is moved to the face and “muck-
ing,” or loading of the broken rock, be-
gins. For large tunnels drill jumbos are
usually designed to straddle or project
over the muck pile so that they can be
moved to the face as early as possible.
Thus it is possible to begin drilling for
the next blast before mucking is com-
pleted. In small tunnels, however, and
even in some of large diameter, the

_\5 2 e N
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TUNNELING OPERATION with the continuous tunneling ma-
chine begins (1) with the machine clamped against the walls of the
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tunnel by means of telescoping legs. The cutting head of the ma-
chine is pushed against the face of the tunnel by the thrust cylin-



it to a conveyor on the top of the machine. From there the material is taken to the rear of
the machine, where it can be dumped either into vehicles or onto another conveyor belt.

muck must be completely removed from
the face before the next step of the cycle
can be initiated.

Hauling the broken rock away from
the tunnel face rapidly and efficiently
presents a particularly formidable prob-
lem. First, the size of railcars or trucks
that can be used is limited, as is the size
of the mechanical loader itself, by the
size of the heading. In a long tunnel
loaded cars must be able to pass empty
ones, which further restricts the size and
capacity of the hauling equipment. Just
exchanging an empty car for a loaded
one in the cramped space available at the
loader can present major difficulties.

Other factors complicate the problem
of handling materials underground. The
face of the tunnel, the point of origin of
most of the material that must be han-
dled, is constantly moving. The trans-
portation system therefore must be such
that it can be extended easily. It must be
flexible and capable of constriction or
modification to accommodate necessary
work behind the face such as placing
concrete lining, extending lines for wa-
ter, compressed air and power and in-
stalling ventilation ducts.

Many devices and techniques, some
very ingenious, have been developed to
cope with the bottlenecks that are in-

ders. At the end of a boring cycle (2) the rear support mechanism
is drawn toward the telescoping legs and (3) the rear support leg is

herent in tunneling by the drill-blast
method. The gantry drill jumbo, which
allows at least partially concurrent drill-
ing and mucking, is one of them.
Car-changers, such as the “California
switch,” or movable double-crossover,
which permits quick exchange of an
empty railcar for a loaded one under the
loader, are another. Trucks have been
developed with controls that allow the
driver to face toward either the front
or the rear, thus eliminating the need
for turnaround space in the heading. En-
largement of a short section of the tun-
nel to provide a turnout has been one of
the rather obvious solutions to the pass-
ing problem. Another has been the use
of trains of sufficient capacity to contain
the entire round.

Developments such as these—together
with improved drills, drill rods and bits;
mechanical loading machines, electric lo-
comotives, self-dumping cars and under-
ground diesel trucks; new types of sup-
port and lining materials, and techniques
that have evolved over the past cen-
tury—have resulted in signiﬁcant increas-
es in tunneling speed and efficiency.
Indeed, the average advance rate for
rock tunneling with a drill-blast system
has increased tenfold in the 100 years
since mechanical rock drills were intro-
duced.

Even so, we are left with a very com-
plex cyclic system that requires a large
number and wide variety of machines
and appurtenances and, compared with
a surface operation, a great many men.
Each cycle involves a number of steps
that more or less interfere with one an-
other because of space limitations, so
that the steps must be essentially se-
quential. The most critical machines—
the face equipment—must operate in a
small, confined space, access to which
is usually limited to a single busy path,
along which all the material and sup-
plies taken in or out of the tunnel must
travel.

The approaches that have enabled
surface excavation methods to outstrip
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extended and the telescoping legs are retracted. The rear support
mechanism then pushes the machine forward (4) for a new cycle.
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GIANT POWER SHOVEL is used for strip-mining in a coal mine near St. Louis. The

bucket can move 250 tons of earth in one bite. Automobile indicates size of machine.

tunneling technology in economics and
efficiency obviously are not applicable
to an underground situation. Huge ma-
chines just will not fit underground. We
cannot appreciably lengthen the steps in
the cycle, because the size of the blasts
we can make underground is limited by
the cross section of the heading we are

driving.

Clearly, then, another approach is re-

quired. The logical avenue has long
been recognized, but it became feasible
only recently. The key to the revolu-
tionary advances that can be anticipated
now in underground excavation tech-
nology is the continuous tunnel borer. It
is around these machines, and the poten-
tial of the excavation systems in which
they can be employed, that today’s dis-
cussions of rapid excavation are cen-
tered.

Miners and tunnel men have known
for years that the answer to high-speed,
low-cost tunneling lies in elimination of
the cycle inherent in drilling and blast-
ing. Attempts were made as long as a
century ago by a few daring men to drive
rock tunnels with “moles,” or large bor-
ing machines, of their own design. Un-
fortunately the materials that were avail-
able and the state of the mechanical arts
were not sufliciently advanced until very

84

recently for the machines to be practical
except in soft rock.

Nevertheless, the idea was sound.
Continuous penetration of a tunnel face
with a single machine that simultaneous-
ly abrades or breaks away the rock and
scoops up the fragments greatly simpli-
fies the tunneling operation. The lost
motion of bringing one kind of machine
to the face, using it and then replacing
it with another type necessary to accom-
plish the next step in the process is im-
mediately eliminated. The way is opened
for making the other elements of the
tunneling system, such as installation of
the supports and haulage of the broken
rock, also continuous and concurrent, so
that the entire tunmeling process be-
comes continuous.

The first widely accepted commercial
application of the principle of a continu-
ous underground mining machine was
in U.S. soft coal mines after World
War II. Experience with mechanical coal
miners contributed to the evolution of
the machines that bore tunnels in rock.
So did experience with the large-hole
drills used in oil fields. The availability of
improved metals, bearings and power
systems was also a factor.

Some success was achieved in the
1940’s with machines that tunneled
through soft rock. Tunneling through
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slightly harder rock, however, proved to
be a different matter. The cutter heads
were dulled and broken without signifi-
cant effect on the rock.

The first breakthrough resulted frem
efforts to drill large vertical holes using
clusters of the roller bits that had been
successful in drilling oil wells. Such bits
are usually conical and are studded with
teeth of tungsten carbide or hardened
steel. They cut by the crushing action
of the teeth as they roll across the rock
face under heavy pressure.

Oversize vertical holes were drilled
by mounting a large number of roller
bits on the face of a drill stem and rotat-
ing the stem while applying thrust. Dur-
ing the late 1950’s the same principle
was applied by several manufacturers to
large horizontal holes. Clusters of roller
bits were arranged concentrically on a
rotating faceplate.

Machines of this kind were successful
in principle but were mechanically un-
able to cope with abrupt changes in
ground conditions. By 1964, however,
mechanical and metallurgical improve-
ments made possible the construction of
a number of machines that have been
increasingly successful in boring tunnels
from eight to more than 20 feet in diam-
eter. Such a machine, weighing between
40 and 300 tons, has a number of roller
bits mounted concentrically on a large
head. The head is rotated slowly while
being forced against the rock face hy-
draulically with thrusts of up to 1.5 mil-
lion pounds. Cuttings are removed by
small scoops attached to the periphery
of the cutting head, are carried along the
top of the machine and are deposited in
some kind of conveyor at the rear. The
machine is equipped to hitch itself for-
ward in the tunnel [see illustrations on
preceding two pages].

These machines are still at an early
stage of development. As yet they have
not been successful in hard rock, but in
soft to medium-hard rocks, where con-
ditions are suitable, they are already
outperforming drill-blast methods in
both speed and economy. Penetration
rates of up to 20 feet per hour have been
reported, although the average rate of
advance is usually much lower, primar-
ily because the other elements of the
system, such as haulage and support in-
stallation, cannot keep up with the ma-
chine.

The performance of mechanical tun-
nel borers is steadily improving, and
there is widespread confidence that it is
only a matter of time and effort before
their applicability is extended to the
harder rocks and substantially better ad-
vance rates are attained. Moreover, con-



siderable research is in progress on novel
methods of breaking rock that might be
suitable for incorporation into a continu-
ous tunneling machine. Unconventional
sources of energy such as the hydraulic
jet, the plasma jet, the laser, high-fre-
quency vibration, dielectric and induc-
tion heating and chemical softening all
offer attractive possibilities. One can
assume that tunneling machines capable
of spectacular penetration speeds are
possible.

4\ boring machine alone, however, will
+ % not be enough. Unless the other ele-
ments of the process are improved com-
mensurately, the full potential of this
innovation cannot be realized. For exam-
ple, cwrendy available underground
haulage technology is completely inade-
quate to provide for disposal of the tre-
mendous amounts of broken rock that
would be produced by a truly high-
speed tunneling machine. The types of
tunnel supports and linings used now
and the present methods of installing
them were developed to fit the cyclic
drill-blast system and thus present an-
other block to full realization of the ad-
vantages of continuous tunneling. The
present methods of ventilating an under-
ground working and of preventing or re-
moving the inflow of the water and gas

BUCKET-WHEEL EXCAVATOR is an example of the kind of
machine that has been developed for rapid, large-scale surface ex-

that are frequently encountered must be
substantially improved.

A host of other problems must also
be solved. The simple geologic situation
we assumed in the tunneling example
discussed earlier hardly ever obtains in
a real tunneling operation. The crust of
the earth is made up of an exceeding-
ly complex and highly variable material.
The more usual case would be to en-
counter many different kinds of rock that
would vary widely in hardness and
strength. We might penetrate faulted
zones where the rock had been fractured
and crushed or even ground into clay.
Water-filled fissures, pockets of explo-
sive gas or zones of high rock tempera-
ture might be in our path.

Unexpected encounters with situa-
tions such as these have caused trouble
for miners and tunnel builders for cen-
turies, and measures for coping with
them have had to be devised. Probably
the principal advantage of the conven-
tional drill-blast method is its adapta-
bility to changing physical conditions.
These problems assume new dimensions
in high-speed tunneling. Penetration of
a previously unknown major fault zone
or a fissure filled with water under high
pressure could be economically disas-
trous with an inherently less flexible
continuous machine tunneling system.

Thus we must greatly improve our capa-
bility for detecting or predicting the
presence of geologic features that will
affect the performance of the system.
Improved measures for coping with the
operational difficulties they present must
also be developed.

Even after all these problems are
solved and we have a truly rapid con-
tinuous rock tunneling system, our new
technology will not be complete. Obvi-
ously underground excavation involves
more than making a cylindrical, horizon-
tal bore in rock. Vertical and inclined
shafts to provide access ways must be
driven. Rooms of various sizes and
shapes must be excavated to provide
space for critical parts of underground
facilities. Holes must be drilled for ven-
tilation and for power-supply cables. In
many instances this auxiliary excavation
constitutes a major portion of the cost
and time required for a subsurface ex-
cavation project.

Clearly the job of producing the rapid
excavation technology needed by mod-
ern society will not be easy. The inilial
breakthrough has been made, however,
with the continuous tunnel boring ma-
chine. Moreover, the resources neces-
sary for developing the supporting tech-
nology required to realize the machine’s
full potential are available.
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cavation. The machine in use here is supplying fill material for
a dam in California; the excavation and loading were continuous.
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Tougher products
for the surfers...thanks to

AMOCO IPA.

Surf’s up. And that board’s going to take some pretty hard knocks. Happily,
Isophthalic Acid (IPA) from Amoco Chemicals is on the job. IPA polyesters made
with AMOCO IPA can make your products tougher, too. They’ll resist cracking,
crazing, fracture. Provide impact strength, and better tensile and flex strength.
Where else is IPA2 Try bowling balls, automotive parts, serving trays. IPA
polyesters also provide good resistance to chemicals. They’re used in chemical
resistant tanks and in linings for petroleum storage tanks. Think tough. Ask your
resin supplier about AMOCO IPA—or write us. Amoco Chemicals Corporation,
Department 8907-46, 130 East Randolph Drive, Chicago, lllinois 60601.

CHEMICALS
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GRAVITATIONAL COLLAPSE

Gravity, the weakest force known, may be the agent for crushing

O

matter out of existence. This could happen after a star Collapses

to a critical size, whereupon gravity overwhelms all other forces

( : ravitational collapse—the tendency
of material bodies to fall toward
some common center of gravity—

plays a central role in shaping the uni-
verse. It is through gravitational collapse
that stars are born, that clusters of stars
are formed and probably that entire gal-
axies are created. It is in gravitational
collapse that some stars, star clusters and
perhaps galaxies eventually die. Gravita-
tional collapse is thus both the midwife
and the undertaker of astrophysics.

The dominance of gravity in astro-
physical events may seem paradoxical
because at the atomic and nuclear levels
gravity is by far the weakest of the four
known forces in the universe. The
“weak” force involved in the radio-
active decay of atomic nuclei is stronger
than gravity by a factor of 1023; the elec-
tromagnetic force, which holds atoms
and molecules together, is stronger by a
factor of 1037, and the nuclear force,
which holds atomic nuclei together, is
stronger by a factor of 10%. On the as-
trophysical scale, however, the gravita-
tional pulls of huge numbers of atoms
(1057 in the case of the sun) combine
efficiently to form one gigantic pull,
whereas none of the other three forces
can combine efficiently. Consequently
on the astrophysical scale gravity can
overwhelm all other forces and estab-
lish itself as the one irresistible force in
the universe.

The role of gravitational collapse as
midwife and undertaker can be sum-
marized as follows. The raw material
from which stars, star clusters and gal-
axies are born is a dilute gas, chiefly hy-
drogen. Occasionally a large blob of this
gas, on being squeezed slightly by ran-
dom motions in nearby blobs, begins to
collapse on itself in response to the mu-
tual gravitational attraction of its par-
ticles. Because the gravitational attrac-
tion between any two particles increases
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by Kip S. Thorne

rapidly as the distance separating them
is reduced, the collapse accelerates. It
cannot be halted until large turbulent
motions have been created inside the
collapsing blob, providing enough ther-
mal pressure to balance gravity. When
this happens, the blob becomes a star, a
star cluster or a galaxy. (We shall hence-
forth regard galaxies as gigantic star
clusters.)

On reaching its new state of equilibri-
um the object—star or star cluster—can-
not remain stable forever. It gradually
loses energy to surrounding space. Stars
radiate energy in the form of heat and
light. Clusters lose energy by the occa-
sional ejection of a star. As it loses en-
ergy the object becomes more tightly
bound by gravity and therefore con-
tracts. The contraction can be only tem-
porarily halted by the burning of nuclear
fuel. In the long run all nuclear fuel will
be exhausted and the contraction will
resume.

In order to follow the history of such
an object it is helpful to draw a diagram
in which radius is plotted along the hori-
zontal axis, increasing to the right, and
mass is plotted along the vertical axis, in-
creasing upward [see illustration on page
90]. The collapsing blob of gas enters
the diagram from the right, and as its
radius diminishes it moves horizontally
to the left. Later, as a slowly contracting
star or star cluster, it begins to lose mass
and moves slowly down as well as to the
left.

At the lower left in such a diagram
would lie objects of small mass and radi-
us, in which gravity would be completely
dominated by nonthermal internal pres-
sures. Any astrophysical body that found
itself in this region would immediately
explode because its internal pressure
would so completely overpower gravity.
As a result no astrophysical bodies are
ever observed in this region.
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Observable bodies occupy the region
of the diagram in which thermal pres-
sure is able to balance gravity. The term
“thermal pressure” is meant to include
both the pressure inside hot stars due to
the random motion of atoms and the sim-
ilar pressure in star clusters due to the
random motion of individual stars.

At the upper left in the diagram grav-
ity dominates all types of pressure—ther-
mal and nonthermal. (Nonthermal pres-
sure includes the pressure of electrons
in atoms and ultimately the pressure of
neutrons and protons inside atomic nu-
clei.) In this region no object can ever
achieve a state of equilibrium; gravity
will always overwhelm the object’s in-
ternal pressure and pull it into cata-
strophic gravitational collapse.

A star or star cluster cannot depend
on internal thermal pressure to balance
the force of gravity indefinitely as it con-
tracts to the left in the mass-radius dia-
gram. After a million to 10 billion years
for stars—whose contraction is tempo-
rarily halted by nuclear burning—and
after a period longer than the present
age of the universe for star clusters, in-
cluding galaxies, the slow contraction
must terminate in one of three processes.
First, a nuclear explosion may blow the
object apart before it has had a chance
to die in any other way. Second, if the
object has a mass less than 1.2 times the
mass of the sun, and if no explosion
blows it apart, its contraction can be
halted forever by nonthermal pressures;
the object then becomes a white-dwarf
star like the “dark™ companion of Sirius,
or a cold object like the earth. The third
process operates if the object has a mass
greater than 1.2 solar masses and does
not explode; contraction then leads
eventually to a state so condensed that
gravitational forces overwhelm all in-
ternal pressure, thermal or nonthermal.
At this point catastrophic gravitational
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THIRD CRITICAL
STAGE OF COLLAPSE

SECOND CRITICAL
STAGE OF COLLAPSE

FIRST CRITICAL
STAGE OF COLLAPSE

— I

SURFACE OF STAR

SPHERICAL GRAVITATIONAL COLLAPSE of a star can be de-
picted in a space-time diagram in which the time dimension is
plotted upward and two of the three space dimensions are plotted
horizontally. The Roman numerals identify slices at particular mo-
ments in time that reappear in the illustrations on page 92. The
strong gravitational field of the collapsing star bends the “world
lines,” or space-time paths, of photons emitted by the star. Such
photons inform a distant observer about the collapse. Collapse is
marked by three “critical stages.” The first occurs when the star is

1.5 times the gravitational radius. Photons emitted tangentially to
the star’s surface at this stage are caught in a spherical “leaking”
photon cloud, which surrounds the star forever thereafter. The sec-
ond critical stage occurs when the star reaches its gravitational
radius, the point beyond which collapse can no longer be halied
or observed. Photons emitted radially at this stage form another
leaking cloud. But no photons emitted thereafter can ever reach
a distant observer. The third critical stage is the “singularity”
in which the star is crushed to zero volume and infinite density.
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collapse begins, terminating the ordinary
life of the object.

In the rest of this article I shall con-
centrate on the third type of death. Cata-
strophic gravitational collapse has never
been observed directly. The collapse of a
star would happen so fast that an astron-
omer would have virtually no chance of
looking at the right spot at the right in-

stant to observe it. But even if he had the
luck to be watching, he might not realize
he was seeing a star collapsing. The de-
tails of collapse (sudden dimming and
disappearance of the star) might be
maskedby light from the star’souterenve-
lope, thrown oft as the interior collapsed.

Nevertheless, it is possible to infer on
theoretical grounds the stages by which

catastrophic collapse would proceed.
This kind of collapse was first examined
in 1939 by J. Robert Oppenheimer and
Hartland S. Snyder, a student of Oppen-
heimer’s at the University of California
at Berkeley. It has been studied in great-
er detail since 1960 because of a suspi-
cion that collapse may be the source of
the huge energies radiated by super-

(GRAVITY OVERWHELMS ALL PRESSURE)

CATASTROFHIC COLLAPSE

<
Ty

MAIN-SEQUENCE STARS

MASS DIVIDED BY MASS OF SUN

NEUTRON STARS

QUASI-STELLAR OBJECTS ?
GALAXIES

SUPERMASSIVE STARS ?

GLOBULAR CLUSTERS

GIANT STARS

GRAVITY OVERWHELMS NONTHERMAL PRESSURE:
THERMAL PRESSURE CAN BALANCE GRAVITY

RADIUS DIVIDED BY RADIUS OF SUN

MASS-RADIUS DIAGRAM depicts three regions of astrophysical
significance. All known astrophysical objects outside the solar
system lie in the open region to the right, where gravity overwhelms
nonthermal pressure (such as the pressure of electrons in atoms)
but can be balanced by thermal pressure. This term includes both
the pressure inside hot stars due to the random motion of atoms and
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the similar pressure in star clusters due to the random motion of in-
dividual stars. Ultimately this thermal pressure is dissipated and
gravity forces the objects to contract. The contraction terminates
in one of three ways: when nonthermal pressure balances gravity
forever (earth, white-dwarf stars, neutron stars); in an explosion
that destroys the object, or in catastrophic gravitational collapse.
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novas and by the baffling quasi-stellar
objects (quasars).

Once a star begins to collapse, wheth-
er it can stop or must continue without
stopping depends on whether it reaches
a critical dimension known as the gravi-
tational radius. Collapse can be halted
anywhere outside this radius but never
inside it. Similarly, energy can be re-
leased from a collapsing star that is still
larger than the gravitational radius but
not from a star that has contracted inside
that radius.

For an object of mass M (in grams) the
gravitational radius Rg (in centimeters)
is given by the equation Rg = 2GM/c?,
where G is Newton’s constant of gravita-
tion (6.67 X 108 centimeters® per gram
per second®) and c is the speed of light
(2.998 X 101 centimeters per second).
This equation shows, for example, that
the gravitational radius for the sun is
2.9 X 105 centimeters, or about three
kilometers (two miles). Current studies
suggest that only the most massive stars
can collapse through their gravitational
radius when their thermonuclear energy
is exhausted. Less massive stars probably
collapse to a certain point and then ex-
plode, perhaps producing the superno-
vas that astronomers observe at a rate
of about one per century per galaxy.

Et me describe in words the principal
events that theory predicts should
take place when a star collapses through
its gravitational radius. The reader may
also find it helpful to refer to the illus-
trations on page 89 and on the next page.
Imagine that we are observing a mas-
sive star whose nuclear fuel has been
used up after several billion years, and
that the thermal pressure that has re-
sisted the force of gravity has finally
started to weaken. The star begins to col-
lapse, slowly at first and then more rap-
idly. Because the surface of the star has
a temperature of at least .several thou-
sand degrees centigrade, it continues to
emit photons, or quanta of light. As the
collapse progresses photons that leave
the surface at an angle are bent into
curved orbits by the increasing intensity
of the star’s gravitational field, in ac-
cordance with the celebrated prediction
of Einstein’s general theory of relativity.
The farther the collapse proceeds, the
more strongly the photon orbits are bent.
Until the star contracts to 1.5 times the
gravitational radius, a point called the
first critical stage, all photons emitted
from the surface eventually escape into
space and could be seen by a distant ob-
server. Photons emitted at a tangent to
the star’s surface at the first critical stage
are caught in a spherical cloud from

DENSITY AT GRAVITATIONAL

OBJECT GRAVITATIONAL RADIUS RADIUS (GRAMS PER
CUBIC CENTIMETER)
200-POUND MAN 1.4 = 107 CENTIMETERS 8 = 10"
THE SUN 2.9 KILOMETERS % 10"
A QUASAR OF 3 o 10-9
SOLAR MASSES QNE LIGHT~YEAR‘ 2 x 10
THE ENTIRE UNIVERSE = —~10 BILLION LIGHT-YEARS —107%

GRAVITATIONAL RADIUS defines a fundamental limiting dimension that increases with
the mass of the object. If compressed below its gravitational radius by any force, including
gravity, an object will be collapsed by gravity to zero volume and infinite density. For a
200-pound man the gravitational radius (1.4 X 10-23 centimeters) is one 10-billionth the
size of the nucleus of an atom. A 200-pound mass compressed to that radius would have
1058 times the density of nuclear matter. The density of the sun at its gravitational radius
would be some 50 times nuclear densities. On the other hand, a hypothetical quasar (quasi-
stellar object) of three trillion solar masses would have only two billionths the density
of water if compressed to its gravitational radius. And the density of the universe at its
gravitational radius is approximately the density actually observed. In other words, if the
universe is finite (which is not yet established) and if its mass were entirely contained with-
in a radius of 10 billion light-years, it should begin to collapse. Eventually it may do just that.

which they slowly leak forever. Conse-
quently a distant observer viewing the
late stages of collapse will always see the
rim of the star as it was when the star
passed 1.5 times the gravitational radius.

As the star continues to collapse, its
gravitational field becomes increasingly
intense and an increasing number of the
photons emitted from its surface are re-
captured. The second critical stage of
collapse is reached when the star has
contracted to the gravitational radius. At
this point only photons that leave per-
pendicularly to the surface can escape,
and these form a second leaking cloud
just outside the gravitational radius. An
instant later, when the star has contract-
ed inside the gravitational radius, no
photons at all can escape. For the distant
observer there are only the few photons
left in the leaking clouds. Thus he will
see the center of the star’s disk as it was
when the star passed the gravitational
radius, just as he will henceforth see the
rim as it was when the star passed 1.5
times its gravitational radius.

The distant observer should also be
able to see a qualitative difference be-
tween the photons associated with the
two radii. As the photons stored in the
cloud at the gravitational radius leak
out, the disk of the star becomes not only
dimmer but also redder. The reason is
that the photons that leave later have
lost more energy in escaping from the in-
creasing pull of gravity than those that
leave earlier. The photons leaking out of
the cloud at 1.5 times the gravitational
radius leak away with constant energy
and therefore the rim of the star does not
change color.

What is the time scale of catastrophic
collapse? As seen by a distant observer
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the time is very brief indeed. For a star
10 times the mass of the sun in the
process of collapse only .0005 second
would be required for the visual radius
to shrink from 135 kilometers to about
80 kilometers, the radius of the leaking
photon cloud created at the first critical
stage, where it would appear to hover
forever [see top illustration on page 95].
In each succeeding .0005 second, al-
though the star would remain nearly
fixed in radius, it would dim by about
two magnitudes, thus becoming rapidly
invisible. Because the time scale is pro-
portional to the star’s mass, more mas-
sive stars would collapse less rapidly.
Although no distant observer could
see the star collapse beyond its gravi-
tational radius, a hypothetical observer
standing on the star’s surface would see
the collapse proceed freely inward. As
this observer passed the gravitational ra-
dius he would not feel a bump or see a
red line of demarcation. For him, as for
the distant observer, however, the gravi-
tational radius is a critical point: once the
star has passed inside it the observer can
never escape to the outside universe.
Inside the gravitational radius all mat-
ter and photons are pulled inexorably—
in a time of about .0005 second for a
star of 10 solar masses—toward the third
critical stage of collapse: the “singular-
ity” in which spherical gravitational col-
lapse terminates. This singularity is a
region of space-time where infinitely
strong gravitational forces deform mat-
ter and photons beyond recognition and
squeeze them out of existence.
Physicists tend to be unhappy with a
theory that predicts the evolution of a
truly singular physical state for matter.
In the past whenever singularities have
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been encountered in a theory they have
been a warning that the theory was
breaking down. For example, early in
this century Ernest Rutherford’s model
of the atom suffered from a singularity:
there was nothing in the theory to pre-
vent electrons in orbit around the atomic
nucleus from falling into the nucleus,

thereby destroying the structure of the
atom. Niels Bohr realized that this un-
satisfactory prediction signaled a break-
down in classical mechanics and that a
modification of the theory (quantizing
the energy states of the atom) would
save the atom from destruction. Eventu-
ally quantum theory was completely suc-

cessful in solving the problem of atomic
structure.

Similarly, John A. Wheeler of Prince-
ton University is convinced today that
the singular end point of gravitational
collapse is a warning to physicists that
wherever space-time is very highly
curved, Einstein’s gravitational field, like
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STEPS IN STELLAR COLLAPSE are keyed to the illustration on
page 89. These “snapshots” correspond not to what might be seen
by a distant observer but to the state of the star and of the emitted
photons in the space-time framework of the star itself. The trajec-
tories of the photons, bent by the star’s strong gravitational field,
are indicated by broken lines. When the cross marking the origin
of the photon lies outside the circumference of the star, it means
that the photon left the stellar surface when the star was larger.
Thus in snapshot 111, A2 represents a photon that left the surface

shortly after snapshot II. At the first critical stage (VI) photons
C1 and D1 have just been emitted tangentially and will be trapped
in a leaking photon cloud. Their fate can be followed in subsequent
snapshots. Photons C2, C3, D2 and D3, emitted perpendicularly to
the surface just as the star reaches the second critical stage (VIII),
become trapped in a smaller spherical cloud (color) at the gravi-
tational radius. They can still escape and reach a distant observer,
but none released after the star collapses inside its gravitational
radius can ever be seen. All must disappear into the singularity.

VI

COLLAPSING STAR

<~

XII i

CURVATURE OT SPACE during the collapse of a star can be rep-
resented by “embedding” diagrams in which one of the three di-
mensions of space is suppressed from view and the remaining two
are depicted by a curved two-dimensional surface. This surface is
embedded in a surrounding tkree-dimensional space that has no
physical significance but serves simply as an aid to visualization.
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The numerals in this series correspond to steps in the stellar col-
lapse illustrated above on this page and on page 89. This region
of space inside the star (color) is strongly curved. Away from the
star the curvature becomes less and less. This is equivalent to
saying that the star’s gravitational field diminishes with distance.
The extreme curvature produced by the singularity persists forever.
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HOW CREATIVE PROFESSIONALS USE GENERAL ELECTRIC TIME-SHARING SERVICE

® With GE Time-Sharing
Service, savings
on production costs
are fantastic...and
there's no huge capital
outlay required. @@

J. E. HART

Manager—Heavy Machinery Estimating
Cleveland Crane & Engineering

Creative professionals like Jim Hart have found a fast, reliable way to cut

Information costs. They share the use of a General Electric computer — without ever leaving
Systems their offices. The problem solving power they need is available when and where

they need it through GE Time-Sharing Service.

ﬁgs'}ggng Jim is far from alone. Thousands of creative professionals. .. in manufacturing, finance,
4 business, education, engineering . .. are saving with General Electric Time-Sharing Service.

Here’s how it works. You describe your problem using a regular teletypewriter which
communicates with a powerful GE computer miles away. The computer fires back your answers just as if it were
carrying on a conversation with you. The convenience and rapid response give you more time to be creative.

Standard programs useful for financial analysis, cost accounting, business forecasting, engineering analysis, market
research — you name it — are available to you in the most complete library anywhere. Or you
can easily develop your own programs in the BASIC* (you can learn to use it in only two hours),
ALGOL, or FORTRAN language.

Remember too, that the low cost (monthly use minimum is $100.00) makes Time-Sharing Service doubly attractive.
For full details, call your nearest GE Information Processing Center (look under *Data Processing
Service” in the Yellow Pages), or write Information Service Department, General Electric Co.,

* Developed by Dartmouth College 7735 Old Georgetown Road, Bethesda, Md. 20014. 291-24
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Me worry about photocopying?
I've got a system—Coronastat.

The machine, paper, supplies and service
that work best together, and give crisp,
clean, clear copies without fail.

Your copying problems end here. No more worries about outside
suppliers. Offbrand supplies. Extra invoices. Or hidden charges.

With the Coronastat™ system, you get more than just a dependable copier.
You get a special kind of paper designed to work with the machine.

And special supplies. And a special kind of service.

And you get them all together.

You don’t lose time with breakdowns. Don’t have trouble getting

the right supplies. And you can relax—because Coronastat service is
built around an automaticinventory system. To help our

supplyman serve the rest of the system better.

All you have to do is make copies, and that's easy.

Machine. Paper. Supplies. Service. One balanced system, one source,
one invoice once a month. One complete package for every copying need.

Coronastat. Your SCM representative will be happy
to arrange a demonstration. Call him today.

You can't beat the system: Coronastat.
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Rutherford’s atom, must be quantized.
That is to say, nature may avoid the sin-
gularity of collapse by changing com-
pletely, near the singularity, the laws of
physics and the continuous, determi-
nistic nature of space-time. Although a
complete quantum theory of gravity has
not yet been developed, one can be fair-
ly certain that, as such a theory is applied
to gravitational collapse, it will affect
only the region of space-time near the
singularity. The dynamics of collapse
outside the gravitational radius and
through it should remain unchanged.

The picture I have presented of spheri-
cal gravitational collapse can be made
clearer, perhaps, by a fanciful analogy.
Once upon a time six ants lived on a
large, thin rubber membrane [see illus-
tration on next page]. These ants, being
highly intelligent, had developed a way
to communicate with one another by
means of signal balls that would roll with
a constant velocity (the “velocity of
light”) along the surface of the mem-
brane. Unfortunately they had not cal-
culated the strength of the membrane.

One day five of the ants happened to
gather near the center of the membrane
and their weight caused it to begin to
collapse. The sixth ant—an astronomer
ant—was a safe distance away with his
signal-ball telescope when the collapse
began. The five ants caught in the col-
lapse of the membrane decided to follow
it downward rather than try to escape.
As the collapse proceeded one of the ants
dispatched signal balls in the hope that
they would enable the astronomer ant to
follow the progress of the collapse.

The collapse of the membrane was
characterized by two types of motion.
The first was a contraction along the
membrane’s surface, which, like the
gravitational attraction of a star, dragged
surrounding objects in toward the center
of the collapse. The second was a bend-
ing into a sharply curved shape, which,
like the curvature of space-time in a col-
lapsing star, would eventually crush
everything in the region of collapse to
infinite density.

The membrane contracted faster and
faster as the collapse proceeded. As a re-
sult the signal balls, which were sent at
equally spaced intervals by the collaps-
ing ant, were received by the astronomer
ant at more and more widely spaced in-
tervals (analogous to the reddening of
light by an intense gravitational field).
Ball No. 15 was sent out 15 minutes after
the start of collapse, just as the collapsing
ant was sucked past the gravitational ra-
dius. It stayed forever at that radius be-
cause the membrane at that point was
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VISUAL RADIUS (KILOMETERS)

RED SHIFT AND INTENSITY OF LIGHT from a collapsing star change swiftly as viewed
by a distant observer. The photons (letters plus numbers), whose trajectories appear in
preceding illustrations, represent the light from a collapsing star whose mass is 10 times
that of the sun. As seen by a distant observer only .0005 second elapses between the receipt
of photons in group A and those in group B, .0005 second between groups B and C and .001
second between groups C and D. These photons are all emitted from outside the gravita-
tional radius. In the late stages of collapse the star’s disk consists of a bright blue rim and
a dark red center. As time goes on the central region rapidly becomes darker and redder
and eats its way outward into the bright rim, whose color and brightness remain constant.
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RED SHIFT (OBSERVED FREQUENCY / EMITTED FREQUENCY)

SPECTRUM OF TOTAL LIGHT from a collapsing star also changes rapidly with time. The
diagram shows the effect on a single sharp spectral line. The 4 group of photons, which are
emitted sequentially but reach the distant observer simultaneously, exhibit only a small
spread in frequency and intensity. Photons in groups C and D, although received only milli-
seconds later, show a very wide spread. But since the low-frequency tail of these lines would
be so much dimmer than the high-frequency peak, an observer would see a single broad line
centered at about three times the emitted wavelength. These two figures are based on
a study by William Ames and the author, both of the California Institute of Technology.
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COLLAPSING RUBBER MEMBRANE populated by ants provides
a fanciful analogue of the gravitational collapse of a star. The full
story is told in the text. Briefly, five ants precipitate the collapse
of the thin membrane on which they dwell. A sixth “astronomer”
ant escapes their fate by turning on the rocket engine of the vehicle
carrying his “telescope” and outracing the moving membrane. The
telescope is designed to receive signal balls transmitted at regular
intervals by one of his trapped colleagues. The first two balls (—1,
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—2) are transmitted one and two seconds respectively before the
start of the collapse. The others are transmitted in sequence as
labeled. Ball No. 15 is sent out just as the transmitting ant is sucked
past the gravitational radius. The ball stays forever where it is be-
cause the membrane is contracting at that point with precisely the
speed of the ball. Ball No. 14.999, sent out .001 minute earlier,
finally reaches the astronomer ant after traveling for 122 minutes.
Ball No. 15.001 and all later ones disappear into the singularity.
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contracting precisely with the speed of
the signal. At .001 minute before reach-
ing the gravitational radius the collaps-
ing ant dispatched ball No. 14.999. This
ball, barely outracing the contracting
membrane, did not reach the astronomer
ant until 122 minutes had passed. Ball
No. 15.001, sent out .001 minute after
the gravitational radius was passed, fi-
nally got sucked into the singularity.

As seen by the ants inside the col-
lapsing membrane, the collapse ended in
a singularity of infinite density after 20
minutes. But as observed by the astrono-
mer ant, whose only information was ob-
tained from the signal balls, the collapse
never proceeded beyond the gravitation-
al radius.

This analogy to the gravitational col-
lapse of a star is remarkably faithful in
reproducing not only what is seen by
a distant observer and what might be
seen by an observer inside the star, but
also the manner in which space-time
becomes highly curved in spherically
symmetrical gravitational collapse and
crushes matter into a singular state.

So far I have mentioned only the gravi-

tational collapse of perfectly spheri-
cal, nonrotating objects. What would
happen in more realistic situations? Be-
cause the mathematical analysis of realis-
tic cases is so difficult the question can-
not be answered definitively. In 1964,
however, Roger Penrose of Birkbeck Col-
lege of the University of London proved
a powerful theorem that provides con-
siderable insight into gravitational col-
lapse in realistic situations.

Penrose’s theorem says roughly this:
In realistic nonspherical collapse, as in
spherical collapse, a critical stage can be
reached beyond which no communica-
tion with the outside universe is possible.
Once this stage has been passed one or
both of two “pathological” events may
occur: the geometry of space-time may
develop a singularity, as it does in spheri-
cal collapse, or, stranger yet, a universe
with which we had no previous contact
may suddenly be joined together with
our universe by the collapse event. Stat-
ed more precisely, Penrose’s theorem
says that if a space-time geometric struc-
ture known as a trapped surface evolves
during the collapse of a star, and if our
universe obeys certain rather plausible
conditions, the result of the collapse must
be either the evolution of a singularity or
a sudden joining of our universe with
another universe.

Our universe must satisfy three condi-
tions if Penrose’s theorem is to be valid.
First, the future direction of time must
always be distinct and distinguishable

from the past. Second, the density of
mass-plus-energy in the universe must
never be negative. Third, at some initial
moment before the collapse begins the
universe must have infinite volume. Of
these three conditions only the third is
troublesome. We do not know whether
or not our universe has infinite volume.
Most relativity theorists conjecture, how-
ever, that Penrose’s theorem is valid
whether or not the universe is infinite.
The theorem still remains to be proved
for the finite-volume case.

What is the object called a trapped
surface, which signals the approach of
pathological events? It is a closed two-
dimensional surface, like the surface of
a sphere, that has the following strange
property. As with an ordinary sphere,
light rays emitted perpendicularly in-
ward from a trapped surface will con-
verge. In contrast to an ordinary sphere,
however, light rays emitted perpendicu-
larly outward from a trapped surface will
also converge.

In the case of spherical gravitational
collapse there are trapped surfaces
throughout the interior of the gravita-
tional radius. This accounts for the fact
that all photons, regardless of the direc-
tion in which they are emitted, ultimate-
ly converge toward the singularity.

The meaning of Penrose’s theorem is
most clearly conveyed by a space-time
diagram [see illustration on next page].
In this diagram one of three space di-
mensions is suppressed from view, so
that the trapped surface appears as a
closed one-dimensional curve rather than
as a closed two-dimensional surface. The
“world lines,” or space-time paths,
of photons emitted inward from the
trapped surface all converge until they
hit a singularity or until they intersect
either in a point or in what geometers
refer to as a caustic surface—a surface
like the peak of a tent. Similarly, the
world lines of photons emitted outward
all converge until they hit a singularity
or until they intersect.

The proof of Penrose’s theorem pro-
ceeds by contradiction. One assumes that
none of the ingoing or outgoing photons
encounter a singularity of space-time be-
fore their world lines intersect (that is,
one assumes that the singularity shown
in the illustration on the next page is ab-
sent). In that case the two families of
photon world lines, taken together, form
a closed, three-dimensional, “lightlike”
surface. Topologists call this a 3-suface.

Penrose’s proof concentrates attention
on two particular three-dimensional sur-
faces in space-time: the closed photon 3-
surface just described and an open, or
infinite, 3-surface. The latter surface de-
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scribes the state of the universe at some
initial moment before collapse begins.
Let us imagine that there exists a cer-
tain family of free-falling “observers”
who leave the universe’s initial open 3-
surface and eventually fall through the
closed photon 3-surface. For this to hap-
pen the world lines of these observers
would have to provide a smooth, almost
one-to-one mapping of all points of the
closed photon 3-surface into points of
the open initial 3-surface. It is well
known in topology, however, that such a
one-to-one, continuous mapping can
never be accomplished from a closed
surface into an open surface. (A familiar
example of this fact is that a map of the
earth’s surface cannot be drawn on a flat
sheet of paper without slicing the earth
along some line, which usually becomes
the left and right edges of the map.)

Thus a contradiction arises that must
be resolved in one of two ways. Either
some of the ingoing or outgoing photons
from the trapped surface encounter a
singularity of space-time that prevents
them from converging to form a closed
3-surface, or the initial state of the uni-
verse was not sufficient to predict its
entire future. The second alternative
implies that another universe must join
onto our own, bringing in outside in-
formation that influences future events.
Hence Penrose’s theorem is proved. (The
actual proof of course involves an intri-
cate mathematical argument.)

There is an important difference be-
tween the singularity encountered in
spherical collapse and the one that may
be encountered in nonspherical collapse.
In the spherical case the matter inside
the star is crushed to infinite density and
zero volume when it encounters the sin-
gularity. In the general case Penrose’s
theorem tells us only that some of the
photons leaving a trapped surface should
encounter a singularity. It predicts noth-
ing about the behavior of matter in the
collapsing star.

There is one way in which the matter
might escape being crushed. There
might be a topological hole inside the
photon 3-surface through which the mat-
ter of the star could flow without being
crushed to zero volume. The matter
might then emerge, bubbling upward
like a spring in the mountains, in some
other region of our own universe or in
some other universe. Indeed, Igor D.
Novikov of the Institute of Applied
Mathematics in Moscow and James M.
Bardeen of the University of Washing-
ton have independently presented a
mathematical example of gravitational
collapse in which precisely this happens.

These results on collapse through the

97



gravitational radius are sufficiently
strange to make some people wish to
abandon Einstein’s general theory of
relativity for one that would predict less
bizarre phenomena. Penrose has pointed
out, however, that in most other geomet-
ric theories of gravitation one can expect
these same kinds of phenomena to occur.
The reason is that Penrose’s theorem re-
lies almost solely on the motion of pho-
tons through curved space-time, and

this motion will be roughly the same in
all geometric theories of gravitation.

Let me emphasize again that the bi-
zarre phenomena predicted as occurring
inside the gravitational radius can never
be seen by any outside observer. Thus
anyone who is put off by the foregoing
predictions can ignore them. On the
other hand, the evolution of our uni-
verse in many ways resembles the evolu-
tion of a collapsing star. If our universe

has a finite volume, we cannot expect it
to go on expanding forever. Eventually
it will stop expanding and begin to con-
tract. The contraction phase should
closely mimic the gravitational collapse
of a star. Accordingly people who are
concerned about the ultimate fate of our
universe, but who are not interested in
the gravitational collapse of a star, must
still worry about the bizarre end point of

collapse.

ASYMMETRIC GRAVITATIONAL COLLAPSE resembles spher-
ical gravitational collapse except that matter is not necessarily
crushed to infinite density. As in the illustration on page 89, the
time dimension is plotted upward and two of the three space di-
mensions are plotted horizontally. New features are introduced in
this diagram to illustrate an important theorem about asymmetric
collapse proved by Roger Penrose of Birkbeck College of the Uni-
versity of London. (For clarity the diagram has been made more
symmetrical than it should be.) The “initial 3-surface” represents
the state of the entire universe (i.e., an infinite universe) at some
moment before collapse begins. The “photon 3-surface” is the three-
dimensional volume formed by the paths of all photons emitted
perpendicularly both inward and outward from the two-dimension-
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al “trapped surface.” Their convergence is part of the definition of
such a surface. (Because one of the three space dimensions is sup-
pressed in this diagram, the trapped surface appears as a closed one-
dimensional curve rather than as a closed two-dimensional surface.
Similarly, one dimension is omitted from the photon 3-surface.)
Because matter can never travel faster than light, the photon 3-
surface would appear to be squeezing down on the matter of the
star, crushing it to zero volume. But Penrose’s theorem says noth-
ing about the behavior of matter in a collapsing star. Thus matter
may be able to escape threugh a topological hole inside the photon
3-surface (question mark) and reappear elsewhere in our uni-
verse or in some other universe. The world lines that map the
photon 3-surface onto the initial 3-surface are discussed in the text.
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A MiESoAGE FRUM
THE OCEANOGRAPHY
CAPITAL OF THE WORLD

Facts:
about

Florida

and
Oceanography

Environment The seas surround Florida. The Caribbean,

the Gulf of Mexico and the Atlantic. .. with its famous Florida Current,
commonly called the Gulf Stream ... present a unique variety

of marine environments.

Transportation Fifteen deep water ports, six international
air terminals, 7,400 miles of roads, 13 railroad systems,
assure you of deliveries without delays.

Support facilities Oceanographic industries are proliferating

in Florida. Many of the leading firms in this field originated here.
Florida’s famed aerospace industry finds many of its

problems analogous to those of the hydrosphere. The Institute

of Oceanography of the Environment Science Services
Administration is being established on Virginia Key at Miami.

Personnel No other state in the Union has geared its educational
facilities, from high school through doctorate levels, to meet

the needs of this new discipline.

Subsequently, employees of oceanographic-related companies find
plentiful opportunity for educational advancement.

There are many, many other reasons why Florida is the
Oceanographic Capital of the World . . . and the most logical

Oceanographic center for you.
For further information or confidential assistance, write or call. ..
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The door is open for the big walk
into the far-out future

(The steels are ready whenever you are)

Compared with the steps man will
take in the quest and conquest of
space, a walk around the world
will be small indeed.

Flyby flights among earth’s
planets — even Jupiter — will be
outdone only by actual landings,
exploration, and returns. Deep-
space probes will study the aster-
oid belt, the farthest limits of solar
atmosphere, the environment of
the stars themselves.

Weather observatories will blink
their photographic space eyes and
capture awesome sights. Com-
munication satellites will multiply
into celestial bouncers of our
earthly scenes and sounds. Even-

tually, every home in a score of
major countries could tune in to a
direct satellite TV broadcast that
will blanket the globe.

Hundreds of America’s leading
industries are urgently researching
the problems and building the
hardware —spacebound and earth-
bound — to participate in these
fantastic adventures.

The steel requirements to do the
job will be colossal and demand-
ing. That’s why Republic Steel
is constantly researching new
products and new processes, and
building ever more modern facili-
ties so that the steels will be ready
when needed — whatever their

India, from 540 miles up. Official NASA photograph from
the flight of Gemini XI: Charles Conrad, command pilot;
Richard F. Gordon, pilot. At lower left is antenna of Agena
docking vehicle as seen through Gordon’s window.
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special demands in strength, light
weight, and dependablility.

At this moment, the long reach
of steel from Republic is probing
into areas wherever man’s imagi-
nation needs it — from shoreless
space to the ocean depths, from
the heartbeat of man to the drum-
beat of defense. Republic Steel
Corporation, Cleveland, Ohio
44101.

You Can Take the Pulse of Progress at

REPUBLIC STEEL

CLEVELAND., OHIO 44101



Now a laser that shoots multicolor krypton, or bursts of powerful blue-green argon.
Simply by switching tubes.

It's like buying one and getting two. And if you've
priced lasers lately, that's the best deal around.

As a krypton-ion pulsed laser it emits a beam
which incorporates the full color spectrum. Red
through purple. Colors that usually take two different
lasers to produce. The new Hughes Krypton Con-
vertible has a power output higher than anybody
else’s krypton. What's more, it also has a longer life
than anybody else’s.

You switch over to high power when you switch
discharge tubes. Convert the Krypton Convertible to

The Krypton Convertible

5y
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an Argon Convertible and you're shooting 8-watt
bursts of blue-green power.

There's also a Select-A-Wavelength accessory
available as optional equipment.

We'll tell you even more about the surprising
Krypton Convertible. Model 3043H. Write us for the
details: Hughes Aircraft
Company, Electron Dynam-
ics Division, 3100 W. Lo- HUGHES
mita Boulevard, Torrance,
California 90509.
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MAXWELL'S DEMON

This hypothetical being, invoked by James Clerk Maxwell nearly

a century ago as a violator of the second law of thermodynamics,

has occupied the minds of many prominent physicists ever since

One of the best established facts in
thermodynamics is that it is impossible
in a system enclosed in an envelope
which permits neither change of volume
nor passage of heat, and in which both
the temperature and the pressure are ev-
erywhere the same, to produce any in-
equality of temperature or of pressure
without the expenditure of work. This
is the second law of thermodynamics,
and it is undoubtedly true as long as we
can deal with bodies only in mass, and
have no power of perceiving or handling
the separate molecules of which they
are made up. But if we conceive a being
whose faculties are so sharpened that he
can follow every molecule in its course,
such a being, whose attributes are still as
essentially finite as our own, would be
able to do what is at present impossible
to us. For we have seen that the mole-
cules in a vessel full of air at uniform
temperature are moving with velocities
by no means uniform, though the mean
velocity of any great number of them,
arbitrarily selected, is almost exactly uni-
form. Now let us suppose that such a ves-
sel is divided into two portions, A and B,
by a division in which there is a small
hole, and that a being, who can see the
individual molecules, opens and closes
this hole, so as to allow only the swifter
molecules to pass from A to B, and only
the slower ones to pass from B to A. He
will thus, without expenditure of work,
raise the temperature of B and lower that
of A, in contradiction to the second law
of thermodynamics.

—James CLERK MAXWELL

For nearly a century the “demon” in-
voked by Maxwell in the foregoing
passage has haunted the world of
physics. This hypothetical being makes
his appearance under the heading “Limi-
tation of the Second Law of Thermo-
dynamics” near the end of Maxwell’s

by W. Ehrenberg

book Theory of Heat, published in 1871.
How seriously Maxwell took his de-
mon is hard to say. In any case, he nei-
ther carried out nor promoted experi-
ments to test his hypothesis. His almost
offhand remark has nonetheless intrigued
many prominent physicists, because it
holds out the possibility of a perpetual-
motion machine deriving its mechanical
effect from the temperature difference
between the two portions of the vessel.
As it happens, there is an easier way to

design a perpetual-motion machine that
employs the services of such a sorting de-
mon. Beginning with equal pressures and
temperatures on each side of the divi-
sion, the demon could, by opening and
closing the shutter at the right times, al-
low molecules to pass only from portion
A to portion B. This would eventually re-
sult in a difference in pressure between
the two sides, a situation that would be .
even more adaptable than a difference in
temperature.

JAMES CLERK MAXWELL (1831-1879) put forward his idea of the sorting demon in a
brief remark that appears near the end of his book Theory of Heat, published in 1871.
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SORTING DEMON OPERATES by opening and closing a small hole in a division between
two portions of a vessel full of air at a uniform temperature (top). The demon can see the
individual molecules, which move at many different velocities. By opening and closing the
hole so as to allow only the swifter molecules to pass from 4 to B and only the slower ones
to pass from B to A, the demon could, without expenditure of work, raise the temperature
of B and lower that of A (bottom), in contradiction to the second law of thermodynamics.
It would then be an easy matter to design a perpetual-motion machine that derived its me-
chanical effect from the temperature difference between the two portions of the vessel.
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ANOTHER APPROACH to the problem of designing a perpetual-motion machine that
employs the services of a sorting demon also begins with equal pressures and temperatures
on both sides of the division. By opening and closing the shutter at the right times the demon
could allow both swift and slow molecules to pass only from A4 to B. The resulting difference
in pressure between the two sides could then be readily translated into mechanical work.
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The purpose of this article is to review
the various turns Maxwell’s idea has tak-
en since 1871. It is an idea that should
not be discarded lightly. A practical sys-
tem with immunity from the second law
of thermodynamics would be the ulti-
mate prime mover, capable of returning
the fuel after the work is done. Undoubt-
edly such a system would have economic
conseqquences far greater than, say, nu-
clear power, and a few decades ago a
nuclear power station would have been
considered a project equally fantastic.

Since the second law of thermodynam-
ics was first formulated by Rudolf
Clausius in 1850 it has been restated in
a number of different ways. In Clausius’
original formulation the second law as-
serts: “It is impossible for a self-acting
machine, unaided by any external agen-
cy, to convey heat from one body to an-
other at a higher temperature.” It was
Clausius who introduced the concept of
entropy, a measure of the unavailable
energy in a thermodynamic system. He
concluded that the entropy of any large
system increases perpetually, leading to
the eventual “death” of the universe.
The second law was worded much
more cautiously by William Thomson
(Lord Kelvin) in 1851. “It is impossible,”
he wrote, “by means of an inanimate
material agency, to derive mechanical
effect from any portion of matter by cool-
ing it below the temperature of the cold-
est of the surrounding objects.” The
phrase “inanimate material agency” is
noteworthy here. It is not merely Thom-
son’s term for Clausius™ “self-acting ma-
chine.” This Thomson made quite clear
by adding: “The animal body does not
act as a thermodynamic engine. The
means in the animal body by which me-
chanical effects are produced camnot be
arrived at without more experiment and
observation. ... Whatever the nature of
these means, consciousness teaches every
individual that they are, to some extent,
subject to the direction of his will. It ap-
pears therefore that animated creatures
have the power of immediately applying
to certain moving particles of matter
within their bodies, forces by which the
motion of these particles are directed to
produce desired mechanical eftects.”
Maxwell’s remark about the demon
gave these general reservations of Thom-
son’s new force by relating them to the
results of the new kinetic theory of gases,
which treated the thermodynamic prop-
erties of a gas in terms of the average
motions of its constituent particles. This
led Thomson to comment: “The defini-
tion of a demon, according to the use of
this word by Maxwell, is an intelligent



being endowed with free-will and fine
enough tactile and perceptive organiza-
tion to give him the facility of observing
and influencing individual molecules of
matter. ... A Clerk Maxwell’s demon dif-
fers from real living animals only in the
extreme smallness and agility—he cannot
create or annul energy—he can store up
limited quantities and reproduce them at
will. ... The conception of the ‘sorting
demon’ is purely mechanical, and is of
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great value in purely physical science. It
was not invented to help us deal with
questions regarding the influence of life
and of mind on the motions of matter,
questions essentially beyond the range of
mere dynamics.”

In Thomson’s view, then, the hypo-
thetical lawbreaker should have some
or all of the following properties: ani-
mation, atomic dimensions, intelligence.
Two questions arise: Are these proper-
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ties really necessary, and are they suf-
ficient?

In recent years the difficult question
of the relation between the law of in-
creasing entropy and the nature of the
living body has been taken up separately
by Erwin Schridinger and C. F. von
Weizsiicker. Briefly their argument boils
down to this: Whenever one investigates
living processes by physical means, the
findings always satisfy the rules of phys-

.MJ Vsl ’}”M/ﬁu

FOUR PHYSICISTS who made major contributions to the theo-
retical development of Maxwell’s idea are depicted here. At left
is William Thomson (Lord Kelvin), who in the 1870’s postulated
that the demon should have some or all of the following properties:
animation, atomic dimensions, intelligence. Second from left is M.
Smoluchowski, who in 1913 argued that the original small demon
could not be automated, but that an intelligent being (not necessar-

ily a real man) could operate a perpetual-motion machine based on
Maxwell’s idea. Second from right is Leo Szilard, who in 1929 iden-
tified the intelligence required of the demon as a kind of memory.
At right is Leon Brillouin, who in 1951 concluded that Max-
well’s demon could not operate, because an intelligent being, what-
ever its size, has to cause an increase in entropy, or unavailable
energy, in the system before it can effect even a small reduction.
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RECTIFICATION of an alternating voltage by such solid-state electronic devices as diodes
and transistors is analogous to the old demon’s trick of permitting only fast molecules to go
from left to right. The characteristic curve that relates the voltage to the current across an
ideal diode (gray line) has a sharp “knee” at zero voltage, the resistance in the forward
direction being much smaller than in the blocking direction. A real characteristic curve
(black line) never has a sharp bend and can only rectify voltages in excess of a certain finite

threshold, which according to Smoluchowski’s reasoning is a true thermodynamic limit.

ics. And although it is remarkable (as
Schrédinger points out) that living bod-
ies, far from increasing their entropy, in
fact decrease it, organizing more and
more matter in their own pattern, this
decrease is more than balanced by the
trail of increased entropy they create in
their surroundings. Thus animate agen-
cies as such are subject to the second
law. Following this line of reasoning, it
appears that animation alone does not
lead to the ultimate prime mover.

W/That about the other attributes of the

demon, namely atomic dimensions
and intelligence? The problem here was
clearly stated in 1880 by P. G. Tait of
the University of Edinburgh: “The sec-
ond law is only accidentally correct....
The true basis of the second law of Ther-
modynamics lies in the extreme small-
ness and enormous number of particles
of matter and in consequence the steadi-
ness of their average behavior. Had we
the means of dealing with the particles
individually, we could develop on the
large scale what takes place continuously
on a very minute scale in every mass of
gas, the occasional, but ephemeral, ag-
gregation of warmer particles in one
small region and of colder in another.”
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Tait’s optimistic appeal fell on deaf ears.
The discoveries of the next 30 years
transformed the physicist from a person
who had mastered all but a few minor
details into a person aware of his igno-
rance of the fundamental processes of
the physical world.

It was not until 1913 that the whole
issue was reopened by the Polish physi-
cist M. Smoluchowski in a lecture at Got-
tingen on the limits of the validity of the
second law. He first recalled that in the
late 19th century physicists believed the
atomistic kinetic theory was discredited
because of its incompatibility with Clau-
sius” second law. By 1913, however, the
speculative tendency in physics was
again in vogue, largely because of the
success of electron physics and the anal-
ysis of such fluctuation phenomena as
the Brownian motion. As a result the sec-
ond law had lost its role as dogma.

In order now to reassert the validity of
the second law, Smoluchowski adopted
the probabilistic approach of Ludwig
Boltzmann, in which Clausius’ concept of
entropy was redefined as the value ap-
plicable to the average, or most proba-
ble, state of a system. According to Boltz-
mann, a value for the entropy of a system
could, however, also be associated with
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improbable states, that is, states that cor-
respond to fluctuations in the thermody-
namic properties of the system. Such
fluctuations were not accounted for in
“classical” thermodynamics, which had
no way to cope with them. Smoluchow-
ski, however, cited several situations in
which such fluctuations can be readily
observed, for example the fluctuations in
the number of colloidal particles visible
in a small field of view (which from time
to time may be counted as zero, one, five
and so on) or the density fluctuations
that give rise to such macroscopic effects
as the opalescence of liquids near the
boiling point and the blue of the sky. The
rate of occurrence of these fluctuations
can be estimated quantitatively: Large
fluctuations are rare and very small ones
are quite common. The decisive point is
that the frequency of occurrence of a de-
viation decreases so rapidly with its mag-
nitude that an agent relying on such fluc-
tuations for mechanical effect without
having the gift of foresight would be
well advised to be satisfied when he finds
the entropy reduced by a small amount
rather than to let the occasion slip in the
hope that the observed reduction is only
the beginning of a larger one. The nor-
mal thermodynamic increase of entropy
is of course not part of such a fluctuation
cycle but occurs during a readjustment
to altered conditions.

The upshot is that an observer who
can wait an astronomical length of time
has the chance to witness events in which
the entropy decreases by a large amount,
so that the world need not die the death
of uniform temperature. Small reduc-
tions of entropy also occur, however, in
small but still macroscopic assemblages.
Therefore a perpetual-motion machine
based on the services of a sorting demon
would not necessarily require operation
on single molecules. At this stage, how-
ever, a new snag becomes apparent: A
device that could perpetuate and accu-
mulate the states of reduced entropy (for
example a mechanism that would place a
weightless support under a Brownian
particle that had risen particularly high)
would itself be subject to fluctuations not
correlated with the desired effect. This
factor, concluded Smoluchowski, makes
automatic operation impossible, because
the mechanism operated by the particle
could not be more massive than the par-
ticle itself.

Smoluchowski’s point can be better
appreciated by translating it into modern
terms. Although he refers to recent prog-
ress in electronics, ideas such as the rec-
tification of an alternating voltage had
barely arisen in his time. Today the prin-



ciple of rectification plays a major role in
such solid-state electronic devices as di-
odes and transistors. These devices are
analogous to the hypothetical gadgets
that translate the up-and-down move-
ment of a Brownian particle into a purely
upward motion, or that perform the old
demon’s trick of permitting only fast mol-
ecules to go from left to right. Now,
ideally the characteristic curve that re-
lates the voltage to the current across the
perfect electrical rectifier (in this case a
perfect diode) has a sharp “knee” at zero
voltage, the resistance in the forward di-
rection being much smaller than that in
the blocking direction [see illustration
on opposite page]. Real characteristic
curves, however, never have a sharp
bend, and much as diodes have been im-
proved, one still has to offer them volt-
ages in excess of a certain finite thresh-
old. Smoluchowski’s reasoning indicates
that this threshold is a true thermody-
namic limit. The fluctuations of the po-
tential across a diode prevent it from
rectifying alternating voltages that are
less than the threshold voltage.

The general conclusion, then, is that
the original small demon cannot be auto-
mated. Smoluchowski did not give up
at this point, however, but instead re-
viewed the possibility of intelligence. He
pointed out that an intelligent being
could operate such devices; it could, for
example, push a weightless support un-
der an elevated particle. Thus a perpet-
ual-motion machine is possible if man is
continuously informed and able to oper-
ate macroscopic devices that do not in-
volve an exchange of energy; he does not
have to be able to deal with single mole-
cules. But this intelligent man, Smolu-
chowski warned, differs from real man,
who cannot work without increasing en-
tropy. Hence we cannot be sure that
living intelligent beings can violate the
second law.

So the demon has become Homo sapi-

ens, and the ball is thrown to the bio-
logical sciences, in particular to the study
of man. Unfortunately no response to
such suggestions has come from the biol-
ogists, perhaps because so little of human
physiology and psychology is actually in-
volved in Smoluchowski’s problem. The
function he asks the intelligent being to
perform is really very simple, namely to
act as nothing more than a kind of relay,
which replaces the direct action of the
fluctuating property. Hence it may be no
accident that when eventually the ques-
tion was taken up again, the man who
took it up was not a biologist but a young
physicist who had started his career as an
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SZILARD’S FIRST EXAMPLE of a procedure for reducing the entropy of a system by the
use of memory is shown in this sequence of drawings. The cylinder in I contains a single
molecule and a mechanism for first inserting a dividing wall, or piston, in the middle and
then moving it either way. If one remembers which side the molecule is on initially, one can
move the piston so as to double the volume available to the molecule (2), thereby gaining
work by isothermal expansion. At the completion of each expansion the piston is withdrawn
from the cylinder without doing work (3), and is inserted again in the middle (4) so that
the experiment can be repeated indefinitely. The entropy of the surrounding heat “bath,”
which maintains the temperature, or speed, of the molecule, decreases with each expansion.
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electrical engineer. He was Leo Szilard,
who in 1929 published a paper “On
the Reduction of Entropy of a Thermo-
dynamic System caused by Intelligent
Beings.”

According to Szilard, it suffices that a
kind of memory exists. This memory can
entail a continued reduction of entropy
unless the processes of measurement
themselves imply necessarily a produc-
tion of entropy. To measure, Szilard ar-
gued, is to establish and memorize a
value for a time-independent variable y,
which indicates the value that a function
xr—say the position of a pointer—has at a
particular time ¢. This is what one does in
carrying out a measurement and record-
ing the results in a notebook; the note-
book is a kind of memory, since the rec-
ord is made in order to use it later on.
Szilard illustrated the procedure of using
the memory to reduce entropy by several
examples, of which I shall cite two.

Consider a cylinder in thermal contact
with its surroundings that contains a sin-
gle molecule and a mechanism for first
inserting a dividing wall, or piston, in the
middle and then moving it either way
[see illustration on preceding page]. 1f
we know which side the molecule is on

ELHFREFRNARENE
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initially, that is, if our senses can distin-
guish between the two alternatives and
retain this information (here the function
y can have only two values), we can
move the piston so as to double the vol-
ume available to the molecule, thereby
gaining work by isothermal expansion
(expansion not accompanied by a change
in temperature). At the completion of
each expansion the piston is withdrawn
from the cylinder without doing work,
and it is inserted again in the middle of
the cylinder so that the experiment can
be repeated indefinitely. Elementary
thermodynamics shows that the entropy
of the surrounding heat “bath,” which
maintains the temperature, or speed, of
the molecule, decreases by a certain
amount with each expansion.

The second of Szilard’s examples is
perhaps even neater: Take a mixture of
two molecular forms of some substance
(for example ortho-hydrogen and para-
hydrogen), which can change into each
other and in equilibrium are present in
the ratio W,/W.. The gas is contained
in a cylinder with a solid bottom and a
peculiar semipermeable top that is trans-
parent to one form and opaque to the
other [see illustration below]. A hollow
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piston of equal volume has a solid top
and a bottom permeable only to the sec-
ond form. (This device was actually con-
ceived in 1883 by Max Planck in or-
der to illustrate Willard Gibbs’s rule for
the entropy of mixtures of perfect gases.)
Initially the piston is at rest at the bot-
tom of the cylinder and the two vol-
umes coincide; then the piston is moved
without doing work or admitting heat so
that the total volume available to the gas
is doubled and the two forms are sepa-
rated. On waiting, the equilibrium ratio
(W,/W.) is reestablished in both halves
(by changes in the form of some of the
molecules), an exchange of heat takes
place between the two compartments
and the entropy increases; there is no net
change in heat, however, since W, and
W., remain the same. The result of the
operation is that the volume has been
doubled isothermally, the change having
been carried out irreversibly. We could
reverse the process by first remembering
which of the molecules were originally
ortho-hydrogen and which were para-
hydrogen and then making the semiper-
meable walls of the piston and the cylin-
der pass or block molecules according
to their original form. This procedure
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SZILARD’S SECOND EXAMPLE of the use of memory to reduce
the entropy of a system is illustrated on these two pages. A gas con-
sisting of a mixture of two molecular forms of some substance
(which can change into each other and in equilibrium are present
in the ratio ' /W', is contained in a cylinder with a solid bottom
and a peculiar semipermeable top that is transparent to one form
and opaque to the other. A hollow piston of equal volume has a
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solid top and a bottom permeable only to the second form. Initially
the piston is at rest at the bottom of the cylinder and the two vol-
umes coincide (1) ; then the piston is moved without doing work
or admitting heat, so that the total volume available to the gas is
doubled and the two forms are separated (2, 3). On waiting, the
equilibrium ratio (W',/W,) is reestablished in both halves (by
changes in the form of some of the molecules), an exchange of heat




would reduce the entropy of the gas to
its original value.

The foregoing examples show clearly
why Szilard identifies “intelligence” and
“memory”—memory understood as a tag
or record denoting a state of affairs at a
past instant of time. It also shows why he
proceeded to state: “If we are not willing
to admit that the second law is violated,
we have to conclude that the action
which couples y and t—i.e., establishes
the ‘memory’—is indissolubly connected
with production of entropy.”

Szilard’s analysis of Smoluchowski’s
proposal that intelligent man could
operate a perpetual-motion machine that
violated the second law of thermody-
namics led him neither to a working
model nor to a proof that the proposal
is unworkable but rather to a postulate
relating entropy to information. One
may therefore praise or blame Szilard for
having opened the path leading to infor-
mation theory and its mysteries. I am
sure, however, that this was not his in-
tention. He believed his paper put the
final seal on half a century of argument.
If we do not accept Szilard’s postulate,
we can still contend that his projects

[T

takes place between the two compartments
and the entropy increases (4). The entire
process could be reversed by first remember-
ing the original forms of the molecules and
then making the semipermeable walls of
the piston and the cylinder pass or block
molecules according to their original form.

would be unsuccessful by simply stat-
ing that membranes or walls capable of
discriminating between properties of the
y type do not exist. But this would be
a dogmatic rather than a scientific ap-
proach; we could have been equally dog-
matic before and informed Maxwell’s
little demon that in reality he and his
wall are only a semipermeable mem-
brane of a type that does not exist, al-
though we would have to concede that
similar devices on a macroscopic scale
are well known and sometimes useful—
for example in catching fish. The virtue
of Szilard’s postulate is of course its gen-
erality. Once we start solving our prob-
lem by denying the possibility of offend-
ing devices, we have to go on denying,
and sequences of ad hoc solutions are
never satisfactory in science.

Let us therefore accept the postulate
that any action resulting in a decrease in
the entropy of a system must be preced-
ed by an operation of acquiring informa-
tion, which in turn is coupled with the
production of an equal or greater amount
of entropy. We are then entitled to ask
how the generation of this entropy—as
a quantity that can be measured and
added to the entropy of, say, a bucket of
water—fits in with the general frame-
work of the physics of heat.

For the few decades following Szi-
lard’s paper physicists were preoccupied
with so many basic developments that
Szilard’s postulate was not seriously re-
viewed before 1951, when Leon Bril-
louin published a paper in the Journal of
Applied Physics entitled “Maxwell’s De-
mon Cannot Operate.” By his choice of
title Brillouin meant not that the demon
was disabled but, following Szilard, that
an intelligent being, whatever its size,
has to cause an increase of entropy be-
fore it can effect a reduction by a smaller
amount.

Brillouin argued as follows: Before an
intelligent being can use its intelligence,
it must perceive its objects, and that
requires physical means of perception.
Visual perception in particular requires
the illumination of the object. Seeing is
essentially a nonequilibrium phenome-
non. The cylinder in which the demon
operates is, optically speaking, a closed
black body and, according to the princi-
ple enunciated by Gustav Kirchhoff in
1859, the radiation inside a black body
is homogeneous and nondirectional be-
cause for any wavelength and any tem-
perature the emissivity of any surface
equals its coeflicient of absorption.
Hence, although an observer inside a
black body is exposed to quanta of radia-
tion, he can never tell whether a par-
ticular photon comes from a molecule or
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is reflected from a wall. The observer
must use a lamp that emits light of a
wavelength not well represented in the
black-body radiation, and the eventual
absorption of this light by the observer
or elsewhere increases the entropy of the
system.

Brillouin then proceeded to show
mathematically that this increase of en-
tropy more than balances the decrease of
entropy the demon can effect. Similar
calculations appear to be applicable
whenever intelligent beings propose to
act as sorting demons. All instrument
pointers, for example, are subject to ther-
mal fluctuations from which power could
be derived. In order to record the posi-
tion of a pointer, however, one has to il-
luminate it from outside, thereby in-
creasing the entropy of the system by
more than one can eventually reduce it.

think that these arguments are very

convincing. Perhaps less convincing is
another conclusion Brillouin draws from
them: “Information,” he says, “is thus
defined by the corresponding amount of
negative entropy.” Quite apart from any
other connection that may exist between
thermodynamics and information theory,
it can be argued that the reasoning given
by Brillouin eliminates the intelligent
portion of the being by demonstrating
the existence of a physical entropy-pro-
ducing link in the relay action this in-
telligent being represents. As a result the
agent does not rely on his intelligence,
since he needs physical means to obtain
the information—but given the physical
means we do not need the agent any
longer because we can replace him by a
machine!

The error committed by Maxwell and
his followers appears to be the neglect of
this relevant portion of the power cycle.
This is the type of error that has been
committed again and again by inventors
of perpetual-motion machines that vio-
late the first law of thermodynamics,
which states that the total amount of
energy in an isolated system remains un-
changed while internal changes of any
kind occur. It is never good enough to
remind these inventors of the law of
conservation of energy; the critic has not
completed his task until he has shown
where exactly the error lies. We have
now seen that the agent is either subject
to fluctuations that make his action im-
possible or he needs means of observa-
tion that entail a considerable increase
of entropy of the system. We may per-
haps be left with the suspicion that
Brillouin’s reasoning is based on a vicious
circle. Kirchhoff’s theorem itself is de-
rived directly from the second law—no
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wonder we can prove the second law to
be satisfied if we assume Kirchhoft’s law
to hold! Actually T do not think this
matters; physics is an empirical science,

| and Kirchhoft’s theorem has been con-

firmed independently.

here is, however, one situation that is

not covered by Brillouin. A demon,
or another intelligent being, may first
meditate about improving the ratio of
entropy lost to entropy gained by using
large fluctuations. After all, it does not
require more quanta to watch a pebble
rising than to watch a molecule rising.
He will soon satisfy himself that this
would not help him because he would
have to try very often before he is likely
to see the pebble rise appreciably. He
must expect to expend more photons
than the jackpot is worth, but what if he
takes courage, trusts his luck and suc-
ceeds the first time? After all, some peo-
ple do win the Irish Sweepstakes. But
then he is no longer acting as an intelli-
gent being who is developing a new
technology!

Think of ball lightning or catastrophes
such as the Aberfan disaster, in which a
heap of mine refuse suddenly began to
move and engulfed many houses. The
question of negligence was discussed at
length without profit because rare disas-
ters are, as one says in an uncomplimen—
tary way, acts of God. Or think of the
events of which spiritualists talk. I found
recently in the Radio Times a notice an-
nouncing that Dr. George Owen, Re-
search Fellow at Trinity College, Cam-
bridge, was to introduce a program on
the subject of poltergeists. Dr. Owen
wrote, referring to his forthcoming talk:
“What are we to think of this poltergeist
outbreak?... These outbreaks, it should
be said, have always been hard to assess
because they are short-lived. They are
also rare, far scarcer than the uncommon
crime of murder. . .. Puzzled by accounts
of poltergeist cases I have read, I was in-
clined to think them tall stories. But how
surprised I was when I reached Scotland
and found numerous eminently sound
and reliable witnesses who, for me, es-
tablished the case as beyond all doubt.”
The case may not be established beyond
all doubt for us, but I give these exam-
ples in order to show that very rare
events including exceptional fluctuations
may be of enormous importance from a
human or from a cosmological point of
view but are at best scientifically awk-
ward and technically useless.

It remains to ask why the problem of
the demon arose in the first place and

| why it was to occupy the minds of so
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many leading physicists. Why did we
never hear of a demon acting against
gravitation or against Lagrange’s equa-
tions or against Maxwell’s electrodynam-
ics? The reason for this is the peculiar
redundancy of the second law. It has
been obvious, at least since the time of
Boltzmann, that the second law only
covers the same ground that is treated
in greater detail by mechanics, dynamics
and other physical sciences. Thermody-
namics has no field of study of its own.
Hence it should be possible to show rig-
orously either that the molecular and
thermodynamic descriptions are com-
patible or that they contradict one an-
other. I shall not venture to say whether
or not this problem has been solved. A
very extensive and difficult literature has
developed about this question. It was
certainly not solved before the advent of
quantum mechanics. John von Neumann
contended that he had proved the de-
cisive theorem in 1929, but as late as last
year Harold Grad of New York Univer-
sity remarked: “It is safe to say that a
major portion of the nontrivial results in
statistical mechanics have been derived
from inconsistent formulations!”

The inconsistency in the analysis of
thermal phenomena inherent in the du-
ality of molecular and thermodynamic
descriptions now has its counterpart in
the duality of wave and particle descrip-
tions in quantum mechanics. Moreover,
in quantum mechanics the process of
measurement is a signiﬁcant problem,
and it introduces an element of irrevers-
ibility. The absolute irreversibility in
thermodynamics is interpreted by dis-
crediting the macroscopic world with
which thermodynamics deals and treat-
ing it only as a manifestation of a world
of atoms and molecules.

The analogous irreversibility and du-
ality disclosed by quantum mechanics
has led to the proposal that atomic phe-
nomena are only aspects of an as yet un-
explored structure with hidden variables.
In this view the objects of quantum
mechanics are related to a subatomic
world. Accordingly Louis de Broglie has
proposed the notion of the thermody-
namics of the isolated particle, attribut-
ing to the atomic particles themselves
both entropy and temperature.

Shall we then find a new, smaller and
better demon, who interferes with the
hidden variables? Let us stop here and
be grateful to the good old Maxwellian
demon, even if he does not assist in pro-
viding power for a submarine. Perhaps
he did something much more useful in
helping us to understand the ways of
nature and our ways of looking at it.
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The Fungus Gardens of Insects

Several kinds of insects live only in association with one kind

of fungus, and vice versa. In some instances the insect actively

cultivates the fungus, browsing on it and controlling its growth

by Suzanne W.T. Batra and Lekh R. Batra

nyone with at least a passing inter-
A est in biology is aware that fungi,
being plants that lack chloro-

phyll and cannot conduct photosynthe-
sis, live on other organisms or on decay-
ing organic matter. It is less well known
that many insects are similarly depen-
dent on fungi. Indeed, there are insects
that tend elaborate gardens of a fungus,
controlling the growth of the plant ac-
cording to their own specialized needs.

Some insect species are always found
in association with a certain fungus, and
some fungi only with a certain insect.
Such complete interdependence is called
mutualism. The mutualistic partners of
insects are not limited to fungi; they in-
clude other microbial forms such as bac-
teria and protozoa. In some cases the
insect feeds on its partner or on the
partner’s own partly digested food. In
others the partner lives in the insect’s
alimentary tract and digests food the in-
sect cannot digest for itself; frequently
the partner supplies an essential constit-
uent that is deficient in the insect’s diet,
such as nitrogen or a vitamin. Scme mu-
tualistic partners serve more than one of
these functions.

The insects that are mutualistic with
microbial organisms are divided into
two groups. In one group the fungus,
bacterium or protozoon lives inside the
insect, either in the alimentary tract
or in specialized cells. In the other
group a fungus lives in the insect’s nest.
Here we shall discuss the relations be-
tween fungi and insects in the latter
group, leading up to those insects that
actively cultivate fungus gardens. Such
relations have been studied for more
than a century, but they offer many new
possibilities for investigation. One wants
to know more about the physiology of
the relations, about how the partners in-
teract at the molecular level. A deeper

knowledge of the physiological mecha-
112

nisms would undoubtedly clarify how
the mutualistic partnership came to be
established in the course of evolution. It
might also have important by-products.
For example, much work has been done
on the possibility of using fungi that are
harmful to insects as a means of se-
lectively controlling insect pests; such
work might be advanced by knowing
more about the relation between in-
sects and beneficial fungi. As a second
example, those insects that control the
growth of fungi in gardens may do so
by means of antibiotic substances that
might well be useful to man.

The first kind of insect-fungus relation

we shall take up centers on the
tumor-like galls that sometimes appear
on the bud, leaf or stem of a plant.
These galls develop when certain in-
sects deposit their eggs in the plant and
somehow cause it to form an abnormal
tissue which then nourishes the larva
that emerges from the egg [see “In-
sects and Plant Galls,” by William Ho-
vanitz; SciENTIFIC AMERICAN, Novem-
ber, 1959]. The galls caused by the
mosquito-like midges of the family Ito-
nididae also contain fungi. Growing par-
asitically on the gall tissue, these fungi
usually form a thick layer on the inside
of the gall. They appear at an early
stage of the gall's development, and a
single species of fungus is consistently
found in association with larvae of each
midge species. Many of these fungi,
however, also grow independently of
the insect. How fungus and insect come
to be together in the gall is not known,
but scme workers believe the female
midge deposits spores of fungus at the
time she lays her eggs. Many of the
fungus galls are caused by insects that
feed by sucking plant sap, and ex-
cept for a few cases it is unlikely that
the fungus acts directly as a source of
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food. It may be that the fungus assists
the insect indirectly by partly breaking
down the gall tissue so that the insect
can digest it.

Many plants bear insect-fungus galls
but only a few of the fungi have been
identified. Some galls we have studied
in our laboratory at the University of
Kansas are leaf-blister galls on several
kinds of goldenrod and aster caused by
at least nine species of the midge Aste-
romyia (all of them associated with the
fungus Sclerotium asteris in the U.S.),
and flower-bud galls of the broom (Cy-
tisus) caused by the midge Asphondyl-
ia cytisii (associated with the fungus
Diplodia in the U.S. and Europe).

In contrast to the casual association
between insects and fungi in plant galls,
several species of the fungus Septo-
basidium and various scale insects
(family Coccidae) that inhabit the fun-
gal tissue coexist in a manner that is
clearly mutualistic. Septobasidium re-
sembles a thick lichen: it clings tightly
to the leaves or branches of trees. The
scale insects that inhabit this fungus in
some way modify its growth in their vi-
cinity, giving it a different texture or
color; as a result some colonies of Septo-
basidium have a mottled surface.

The relation between this fungus and
the insects that colonize it has been de-
scribed by John N. Couch of the Uni-
versity of North Carolina. The insect,
which feeds on sap, is attached to the
tree by its sucking tube. The mycelium
of the fungus—its thick mat of fine
threads—shelters the insect from the
weather and shields it from birds and
parasitic wasps. In turn a few of the
insects are penetrated by specialized
threads, called haustoria, that extract
nourishment from the insects’ blood.
Scale insects characteristically ingest
more sap than they need; the fungus
may take advantage of this fact by uti-



FUNGUS-GARDENING ANT Mycetosoritis hartmani is shown in of the filaments of the fungus and that form only in the presence of

its underground nest feeding on a “kohlrabi body.” These bodies the insect. Surrounding the ant are the filaments themselves. Pho-
are made up of bromatia, particles that consist of the swollen tips tograph was provided by John C. Moser of the U.S. Forest Service.
113
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INSECT GARDENERS comprise unrelated species. Depicted here
are representatives of six groups of insects that nest with a fungus.
At left is a gall midge of the genus Lasioptera; its larvae probably

lizing such nutrients while they are still
circulating in the insect’s body.
Septobasidium is distributed by scale
insects as well as nourished by them;
it does not live independently in nature.
When the insects are young, some of
them crawl on the surface of the fungus
and become covered with spores. A few
of the contaminated insects migrate to
new areas on the tree, where they in-
sert their sucking tube. Shielded by
new mycelium, they survive. They are

INSECT NESTS contain a fungus (color). The nests were made by
the insects at the top of these two pages, or by an insect of the
same group. The plant gall that encloses larvae of the midge
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also invaded, however, by haustoria
from the developing spores, and as a re-
sult they do not attain maturity and re-
produce. The new mutualistic colony is
nonetheless able to continue because
uncontaminated insects now find shel-
ter in the mycelium. In some species of
Septobasidium the entire process has
apparently been made more efficient
by the development of hollow “insect
houses” that attract and hold the mi-
grating scale insects. Thus the fungus
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feed on plant material that a fungus has partly digested. The scale
insect Aspidiotus osborni (b) lives on trees under a protective
canopy of fungus. The wood wasp Sirex gigas (c¢) deposits eggs cov-

furnishes a shelter for the insects and
the insects provide both a food supply
and a means of dispersal for the fungus.
Some insects are sacrificed for the ben-
efit of the colony as a whole; both fun-
gus and insect benefit at the expense of
the tree.

A different kind of mutualism has
been observed involving on the one
hand the wood wasps of the genera
Sirex, Tremex and Urocerus and on the
other the fungi Stereum and Daedalea.

is lined with a fungus parasitic on the plant (a). Septobasidium
fungus sends threads into some of the insects it shelters and ex-
tracts nourishment from their blood (b). The burrows of wood



ered with fungus in moist wood. Ambrosia beetles of the genera
Trypodendron (d, top) and Crossotarsus (d, bottom) carry spores
from which grow their fungus. The termite Odontotermes gurda-

These common fungi sometimes build
a semicircular “bracket” out from a tree.
The adult female wood wasp deposits
her eggs in moist wood by means of a
long, slender ovipositor, and at the base
of this organ are tiny pouches that con-
tain fungus cells called oidia. When the
egg is deposited, oidia cling to it. Then
the mycelium of the fungus grows into
the wood, and when the wasp larva
emerges from the egg it follows the path
of the mycelium. The fungus partly di-

wasp larvae are made in wood infested with Stereum fungus, propa-
gated by the insect (c¢). Fungus carried by an ambrosia beetle
grows inside the insect’s tunnels in timber (d). Mounds of earth

gests the wood before it is eaten by the
larva. In the laboratory wood wasp lar-
vae have been reared on a diet consisting
only of Stereum, but whether the fun-
gus is essential to the insect’s nutrition is
not known. Both in nature and in the
laboratory the fungus grows well with-
out the help of any insect.

The wood wasp nonetheless acts as
an agent for the dissemination of Stere-
um. A larva that later develops into a
female has organs that ensure the pres-
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spurensis (e) fertilizes its fungus garden. Ants of the genera Cy-
phomyrmex, Trachymyrmex and Atta (f, left to right) actively cul-
tivate fungus gardens. The insects are not drawn to the same scale.

ervation of the fungus. These organs
are tiny pits hidden in folds between
the wasp’s first and second abdominal
segments; in them bits of fungus are
trapped in a waxy material. Here an in-
oculum of fungus remains viable, where-
as fungus in wood is inactivated when
the wood eventually dries out. When the
larva metamorphoses into a pupa, the
organs that hold the fungus are discard-
ed. Then, when the adult female wasp
emerges from the pupal skin, tiny flakes
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in which the termite nests contain fecal material permeated with
fungus (e). Atta texana cultivates a garden of fungus in a huge un-
derground nest (f). Here also the nests are not drawn to scale.

15



FUNGUS CONTAINERS of three insects are depicted with the fungus indicated in color.
Larvae of wood wasps that develop into females carry an inoculum of fungus behind the
thorax (a). A section through the first two abdominal segments of the larva shows one of the
fungus-filled organs (a’). The ambrosia beetle, shown here in longitudinal section, conveys
spores of fungus in pockets located at the base of its front legs (b). A longitudinal sec-
tion of the head of a fungus-growing ant reveals the pouch in which it transports fungus (c).

of fungus-impregnated wax that have
fallen from the organs become lodged in
the moist pouch at the base of the ovi-
positor. The flakes now give rise to a
fungal mycelium, which develops the
oidia that will coat the eggs. The trans-
fer of the fungus from generation to gen-
eration of wood wasps is thereby as-
sured.

Anbrosia beetles also carry fungi with-
in their bodies. The numerous
species of these wood-boring insects
(families Scolytidae, Platypodidae and
Lymexylonidae) cannot survive without
ambrosia fungi (several genera of Asco-
mycetes and “imperfect” fungi). In their
external skeleton are small pockets called
mycangia (literally “fungus containers”);
these pockets always contain a supply of
viable fungus spores. When an ambrosia
beetle tunnels into wood, spores are dis-
lodged from the mycangia, and soon a
mass of velvety fungus lines the interior
of the tunnel. On this “ambrosia,” which
concentrates in its cells nutrients that
have been extracted from the wood, the
beetles feed.

Ambrosia beetles have been the sub-
ject of considerable research because
they destroy much timber all over the
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world. Their tunnels, sometimes called
“shot holes,” extend deep into the sap-
wood of trees and are surrounded by
streaks of a stain manufactured by the
enzymatic action of the fungus. The
beetles most often attack hardwoods,
preferring trees that have been weak-
ened by drought, disease or fire, or fall-
en timber that is moist and filled with
sap. Attracted by the odor of ferment-
ing sap, the beetles fly upwind, usually
at dusk; it is easy to collect them in the
evening around a newly felled log. They
are similarly attracted by the yeasty
smell of beer and beer drinkers, and it
is also convenient to collect them at a
beer picnic! Some kinds bore into beer
and wine kegs, which is why in Europe
they are called “beer beetles.”

The tunnels of ambrosia beetles can
be distinguished from those of other
wood-boring insects by a black or brown
discoloration of the wood around the
neat circular tunnel opening. There is,
moreover, no wood dust or fecal matter
inside the tunnel. When the beetles are
excavating, fine wood particles, some-
times mixed with the insect’s brown
feces, accumulate outside the tunnel
entrance. The beetle does not as a rule
eat wood, and it rids its nest of wood
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borings. The males of some species as-
sist the females with tunnel excava-
tion. Inside the ambrosia beetle’s tunnel
system one finds, depending on the
species, either separate niches, each
enclosing a single glistening larva or a
pearl-like egg, or several larvae sharing
an enlargement of the tunnel. In many
species the adult insect, on emerging
from the pupal skin and proceeding to
feed on the mass of ambrosia fungus lin-
ing the tunnel, rocks back and forth in a
curious manner. What this does is force
fungus spores into the mycangia before
the insect flies away to found its own
nest.

Each species of ambrosia beetle is
normally associated with only one spe-
cies of ambrosia fungus. Ambrosia fun-
gi are pleomorphic: they can readily
change, when their growth medium is
changed, from a fluffy moldlike form to
a dense yeastlike form. In the mycangia
and the tunnels of the ambrosia beetles
the yeastlike form prevails. Recently
we have discovered that ambrosia bee-
tles can also change the form of oth-
er fungi from the moldlike form to
the yeastlike one. This is a significant
phenomenon, and we shall be returning
toit.

The most conspicuous and most de-

structive of the fungus-growing in-
sects are termites. The termites that
cultivate fungi are native to the Tropics
of Africa and Asia. In West Africa it is
estimated that the yearly cost of repair-
ing the damage done by these insects to
buildings is equal to 10 percent of the
buildings’ value. In addition to wood
the insects eat growing and harvested
crops and objects made of rubber,
leather and paper; they destroy docu-
ments, works of art, clothing and even
underground cables. The enormous
mounds that some termite species build
for nests interfere with farming and
hinder road construction. If they are
incompletely destroyed, the insects re-
build them.

Many species in the genera Macro-
termes and Odontotermes make their
nests in spectacular steeple-like mounds
of hardened earth, which in Africa reach
a height of as much as 30 feet. Other
species, in the genus Microtermes, are
completely subterranean, and if it were
not for their mating flights and the dam-
age they do, they would be quite incon-
spicuous. Each nest contains a white,
sausage-like queen and a king, usually
enclosed together in a protective cell of
earth; the much smaller workers, soldiers
and young termites (nymphs) of various
ages and both sexes are found through-



out the nest. At certain seasons winged
male and female reproductives (future
kings and queens) are also present. In
each nest are one or several fungus gar-
dens, the number and shape depending
on the species of termite. Material col-
lected by the workers is chewed and
swallowed, and the partly digested fecal
material is deposited on a fungus gar-
den when the workers return to the
nest. In the nests of some species there
is a single large mass of fungus garden;
in one of the nests of Odontotermes
obesus that we studied in India the mass
was two feet in diameter and weighed
60 pounds. In other nests many fungus
gardens one or two inches long are scat-
tered along burrows throughout the
nest. Each fungus garden is enclosed in
a close-fitting cavity lined with a mix-
ture of saliva and dirt. The chambers of
some species are ventilated by an elab-
orate system of vertical conduits ex-

tending to the surface of the nest [see
“Air-conditioned Termite Nests,” by
Martin Liischer; SCIENTIFIC AMERICAN,
July, 1961].

The fungus gardens look like a gray
or brownish sponge or may be convo-
luted like a walnut meat. They are moist
but usually firm and brittle, and are per-
meated by threadlike mycelium. Scat-
tered over the surface and inside the
pores of the gardens are numerous mi-
nute, glistening, pearly white spherules
composed of masses of rounded fungus
cells.

The role of the fungi in the nutrition
of the fungus-growing termites is not
clear. It is well known that many com-
mon Temperate Zone termites cannot
digest the cellulose in the wood they
eat but rely on certain cellulose-di-
gesting protozoa that live in their in-
testines to do it for them. No protozoa
live in the gut of the fungus-growing

termites; therefore it seems likely that
the fungi growing in the gardens break
down cellulose and may provide vita-
mins also. In fact, these termites soon
die on a diet restricted to wood. The
termites continually eat away the fun-
gus gardens as they add fresh fecal ma-
terial. There is thus a communal in-
terchange of food, the fecal material
being partly broken down by fungi in
the garden, then eaten again and rede-
posited in the garden for further diges-
tion by the fungi.

The white spherules are frequently
picked up by the workers and moved
to other parts of the fungus garden or
are sometimes eaten. The king, queen,
young nymphs and soldiers are appar-
ently fed saliva by the workers; no trace
of fungus or plant material can be found
in their digestive tract. Some winged
reproductive termites contain material
from the fungus gardens, with which
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FUNGUS IS TRANSFORMED in being cultivated by insects.
Under ordinary conditions in the laboratory fungus associated with
the ambrosia beetle is threadlike (top left). In the beetle’s tunnel,
where it is continually grazed, the fungus is denser and more like a
yeast (top right). The fungus-growing termites also modify their
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fungi (middle), which they fertilize, lick and enclose in mud.
Under these conditions white spherules appear. The fungus of a
fungus-growing ant (bottom) looks much like the others when
grown in a culture; in association with the ant, which licks, manipu-
lates and defecates on its garden, the fungus has thickened tips.
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| they may begin a new garden when they
| start a new nest.
| Several genera of unrelated fungi
‘ grow in the fungus gardens of termites;
the most abundant are species of the
mushroom Termitomyces. The various
species of Termitomyces are found only
in nests of fungus-growing termites.
Somehow the fruiting structure—the
mushroom—of the fungi is not allowed
to grow from fungus gardens while they
are being actively tended by termites.
If the termites are removed or die,
however, some of the spherules grow
into the mushrooms of Termitomyces.
In Africa and southern India termites
in many nests simultaneously remove
the outer layers of their fungus gardens
and spread crumbs of them in a thin lay-
er on the ground during the rainy sea-
son. Soon Termitomyces mushrooms ap-
pear, and after their spores have been
disseminated by the wind the termites
come to the surface to collect fungus
that may have grown from a mixture of
spores from many nests. It is believed
that in this way the termites provide for
the cross-fertilization of their fungi, as
man does for corn and other crops.

Closely resembling the fungus-grow-
ing termites in behavior but only
| distantly related to them are the fungus-

| ‘h‘

growing ants (tribe Attini). Here we
have an example of convergent evolu-
tion, in which two nearly unrelated ani-
mals and their fungi occupy a very
similar ecological niche. These ants are
found only in the Western Hemisphere,
and most of them are tropical. Some
species are found in the deep South and
the Southwest of the U.S.; a small spe-
cies (Trachymyrmex septentrionalis) is
found in sandy areas near the Atlantic
coast as far north as Long Island.

Atta texana, which lives in eastern
Texas and southern Louisiana, does
considerable damage to citrus groves,
gardens and plantations of young pine
trees by cutting leaves from them for its
fungus gardens. This ant is known local-
ly as the “town ant,” and it inhabits an
ant metropolis that is sometimes 50 feet
across and 20 feet deep. (One student
of these ants, John C. Moser of the U.S.
Forest Service, opens their nests with a
bulldozer!) Other species of fungus-
growing ants build smaller nests; some
are so small that they are extremely dif-
ficult to find.

The fungus-growing ants probably
represent the most advanced stage in
the evolution of fungus gardening be-
cause they feed only on the fungus, and
they actively cultivate it. The workers,
depending on the species, collect cater-

BEETLE TUNNELS are marked by the dark fungus that lines the interior surface. The
photograph above shows a cross section of excavations made in wood by ambrosia beetles.
Dark circles are niches at right angles to the tunnel that hold larvae. The beetles have
penetrated through the bark into the sapwood; in this way they destroy felled timber.
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pillar excrement, fallen flower anthers |

and other soft plant debris as well as
leaves cut from trees. Rather than eat-
ing the material the ant cuts it into
pieces and adds them to a fungus gar-
den in the nest. The ants’ gardens look
somewhat like those of the termites: they
are gray, flocculent masses of finely di-
vided moist plant material loosely held
together by threads of mycelium. In the
underground chambers of the nest the
fungus garden often is suspended from
the roots of plants. Scattered over the
surface of the older parts of the garden
are white specks just visible to the un-
aided eye. These specks, called kohlrabi
bodies, are clusters of bromatia, the
swollen tips of the filaments forming the
mycelium. The kohlrabi bodies look
much like the white spherules found in
the gardens of termites. When the ants
are not feeding on the bromatia, they
lick them.

The flying, nest-founding ant queen
carries a small pellet of fungus in a
pouch below her mouthparts, much as
the ambrosia beetle carries fungus in its
mycangia. In starting a new nest the
young queen grows a small fungus gar-
den on her excreta; with this she feeds
the first worker larvae. When the work-
ers are mature, they leave the nest to
gather the material with which the gar-
den is enlarged. They feed bits of bro-
matia to the larvae that nestle in the
mycelium of the gardens.

As long as the ants actively tend the
garden the fungus does not develop
fruiting structures, but mushrooms of
four genera have been found growing
from abandoned nests of some species or
have been cultured from fungus gardens
in the laboratory. We do not know how
the ants control the growth of their fungi
so that they produce bromatia and noth-
ing else; perhaps it is by constantly
“pruning” away excess growth of the
mycelium. It is also possible that the ex-
creta and the saliva of the ants, which
are deposited on the fungus garden,
contain some substance that influences
the growth of the mutualistic fungus and
inhibits the development of the many
spores that accidentally enter the nest.

WT ith the fungus-growing ants our

brief survey of the mutualistic
associations between insects and fungi
ends. It can be seen that there are two
distinct kinds of relation. In the gardens
of wood wasps, ambrosia beetles, ter-
mites, ants and probably those of midge
galls the fungus extracts nourishment
from a substrate and the insect feeds ei-
ther on the fungus, the substrate predi-
gested by the fungus or both. The fun-
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FUNGUS-GARDENING TERMITE of the genus Odontotermes is photographed crawling
on the surface of its garden. The round white objects are spherules of the fungus, which
arise only in gardens that are tended and fertilized by termites. The insect in the picture is a
soldier defending the nest; it produces a copious supply of pungent saliva for this purpose.

gus is prevented from producing sexual
fruiting structures but is supplied by an
insect partner with a suitable habitat and
a means of dispersal. In the colonies of
the fungus Septobasidium and scale in-
sects the situation is reversed: the in-
sect feeds on the substrate and nourishes
the fungus, and the fungus provides
shelter for its castrated insect partner.

Insects are unique among animals in
having developed mutualistic relations
with fungi. This may have come about
because so many insects and fungi share
the same tiny habitats. Moreover, most
insects are equipped to carry living
spores of fungi, either in their gut, in
folds between their joints that contain
waxy secretions or among their bristles.

The fungus-gardening insects convey
into their nest the spores of many fungi
other than the one on which they de-
pend. If the insects are removed, the
alien fungi will grow and soon overrun
the nest; they do not grow in the nest,
however, when the insects live there.
Apparently the fungus-gardening in-
sects either secrete or excrete antibiotic
substances that prevent the growth of
alien fungi. The substances may also
act to transform the mutualistic fungi,
causing either ambrosia, spherules or
bromatia to appear rather than sexual
fruiting structures.

In the case of the termite, which licks
the spherules of its fungus and encloses
the fungus garden in saliva-moistened
mud, the saliva may contain the sub-
stances in question. We have tested
the eftect of adding saliva taken from
termites to a culture of their fungus,
which under ordinary growing condi-
tions in the laboratory does not produce
spherules. After saliva was added to the
culture spherules grew; the saliva also
inhibited the growth of alien fungi. We
have performed other tests on the ex-
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creta that ants deposit on their nest gar-
dens. Although we have found that the
excreta inhibit the growth of certain
bacteria, much experimental work re-
mains to be done. The saliva of the ant,
which also licks its fungus, may help to
form bromatia.

Spores of the ambrosia beetle’s fun-
gus remain in the yeastlike form while
they are carried by the insect, and it is
possible that the waxy secretion might
also affect the form of fungi in the tun-
nel, where the beetle and the fungus
are in close contact. On the other hand,
it has been shown that the mutualistic
fungi of some species of the beetle can
be modified to the yeastlike form by
certain physical conditions and in the
absence of the beetle. These physical
conditions duplicate conditions in the
beetle’s tunnel, where the feeding in-
sect steadily mows the tips of the fun-
gus as they grow.

In nature the presence of a living in-
sect partner is necessary to maintain
ambrosia, spherules or bromatia, but
these forms can be produced in the lab-
oratory on special mediums in the ab-
sence of the insects. When the mutu-
alistic fungi are grown on ordinary
carbohydrate-rich laboratory mediums,
flufty mycelium and sometimes sexual
fruiting bodies appear. If the same fun-
gi are grown on acid mediums that are
rich in amino acids, and are exposed to
more than .5 percent carbon dioxide,
then bromatia, spherules or ambrosia
are formed. These cultural conditions
apparently resemble conditions in the
nests of the insects. The fungi of some
ambrosia beetles also become ambrosial
if they are repeatedly scraped or are
grown at low temperatures. Clearly the
problem of how insects control the
growth of a fungus partner remains an
intriguing one.



Francois Quesnay Woodcarving by William Ransom
(1694-1774) Photographed by Max Yavno

“A scholar like Quesnay, the author of the work on animal economy [Essai physique
sur I'Economie animale (1747)] and a diligent student of Harvey’s new discovery, was
precisely the man to carry the biological idea over into the realm of sociology. He made
use of the idea in his Tableau économique, which is simply a graphic representation of
the way in which the circulation of wealth takes place. The appearance of this table
caused an enthusiasm among his contemporaries that is almost incredible ....”"

“This system ... with all its imperfections, is perhaps the nearest approximation to
the truth that has yet been published on the subject of political economy....”*

'Charles Gide and Charles Rist, 4 History of Economic Docirines From the Time of the
Physiocrats to the Present Day, trans. R. Richards, Harrap, London, 1919, p. 18.

2Adam Smith, An Inquiry into the Nature and Causes of the Wealth of Nations, Edin-
burgh, 1837, Book 1V, Chapter IX, p. 282.

INTERACTIONS OF DIVERSE DISCIPLINES

In the history of science, there is probably no more dramatic example of one discipline
interacting with another than that provided by Quesnay, physician to Louis XV and
Mme. de Pompadour. He became an economist late in life and applied Harvey’s proof
of the circulation of blood to a theory of the circulation of wealth from natural resources.

At Planning Research, twenty-eight separate disciplines form powerful interactions
with each other for the solution of complex problems. The Corporation’s six hundred
professional staff members represent the classical sciences, the new behavioral and man-
agement sciences, economics, mathematics, and engineering. On teams of mixed disci-
plines, they attack problems such as the conservation and use of natural resources; and
the development of skills in unskilled peoples. Their work has ranged from projections
of oil production in Burma...to identification of world markets for Latin American
agriculture. .. to planning for land use and the use and training of manpower in the
United States.

Complete information on the Corporation’s capability in planning related to effi-
cient use of resources is available to principals anywhere in the free world. Write to
Dr. Philip Neff, Vice President for Economics.

PLANNING RESEARCH CORPORATION

Home office: 1100 Glendon Avenue, Los Ange]es, California 90024
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Helping people with heart problems

to a new lease on life.

Thousands of children are born with congenital heart defects
such as valve deformities and abnormal connections between
heart chambers. Even the normal child of today faces a
maturity in which he is more likely to succumb to heart
disease than to any other cause of death. Were a stethoscope
his only diagnostic tool, the cardiologist would be limited in
his efforts to search out the unusual sounds or rhythm pat-
terns of the beating heart which indicate malfunctions.
Often, symptoms are fleeting, and the stethoscope is inade-
quate to characterize the heart beat fully or to compare one
beat with another.

Electronic pictures of a heart beat: In addition to
sound, the heart generates electrical energy, a measurable
phenomenon which provides the diagnostician with valuable
information about heart activity. The electrocardiograph
(ECG) measures the electrical energy generated by heart
muscle movement and presents these measurements as traces
on a permanent recording. The ECG is an electronic meas-
uring instrument. More than half of the 50,000 electrocardi-
ographs in use in the United States today have been manu-
factured by Hewlett-Packard.

The “‘super-stethoscope”: Also of significance to the
diagnostician is the Hewlett-Packard heart-sound amplifier.
This instrument amplifies the sounds of the heart’s pumping
and valve action, so that heart murmurs—even very faint
ones—can be more easily detected. And as the only instru-
ment of its kind to allow these sounds to be recorded on a
standard electrocardiograph, it enables moment-by-moment
correlation of information presented by both the stethoscope
and the electrocardiograph.

ECG with a new dimension: The vector cardiograph
is especially useful in clinical and research work. It enables
the physician and medical scientist to unify electrical in-
formation from the heart beat by presenting “pictures” of
the frontal, horizontal and sagittal planes of the heart’s elec-
trical activities. This instrument, developed by Hewlett-
Packard in its most advanced and convenient form, greatly
speeds the diagnosis of conditions that spring from heart
muscle compensation for congenital defects and the results
of disease. It provides the cardiologist with new insights into
the nature of heart dynamics.

Patient monitoring—and the critical 200 seconds:
Even the child born with a whole and healthy heart faces
the probability in later life of a coronary occlusion that is so
often fatal. Of the two and a half million heart attack victims
who are hospitalized with coronary occlusions each year,
half of the 30 to 40%, who in the past have died, can be
saved in hospital intensive care units with watch-and-warn
patient monitoring systems. Through continuous monitoring
of the heart’s electrical activity, early signs of electrical mal-
function—resulting from heart damage brought on by the
coronary—can be identified and treated. If the malfunction
progresses to a point of electrical chaos, the heart will no
longer pump effectively. The period between the time the
heart ceases to pump—and death—is a critical 200 seconds.
During this 200 seconds the heart must be re-started to save
the life. Against this continuous threat of heart failure,
Hewlett-Packard patient monitoring systems keep an elec-
tronic vigil...continuously measuring pulse rate, electro-
cardial activity, respiration and blood pressure...alerting
hospital staff members to patient crises and enabling them
to respond with their life saving skills.

Standard-of-the-art instrumentation: Cardiology
and patient monitoring are only two of the areas in medicine
for which Hewlett-Packard provides instrumentation offer-
ing superior performance, high reliability and ease of use.
The top-performance ECG costs $850, the heart-sound am-
plifier $450, a hospital patient monitoring system from
$1100 to $8000 per bed, depending on the sophistication of
the instrumentation system.

Software behind the hardware: Many other tech-
nologies in medical, electronic and chemical measurement
are served by 1500-plus practical instruments manufactured
by Hewlett-Packard. At 117 field engineering offices,
Hewlett-Packard engineers and specialists provide customers
with assistance in application, installation and maintenance
of these instruments. These services are backed up with ex-
tensive customer training programs and a continuing flow of
helpful information—all on a local basis, to meet the imme-
diate and long-term needs of those whose progress depends
on measurement. Often a life—as well as progress—de-
pends on measurement.

HEWLETT ﬁ PACKARD

Measuring instruments for science and industry 00710
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© 1967 SCIENTIFIC AMERICAN, INC



|24

If your computer doesn’t get the message,
drawit a picture.

Computers are useless until you tell them what
to do.

But some things just can’t be put into words, or
easily translated into the digital language that com-
puters understand.

Like topological maps. Or architectural drawings.
Or complex equations. Or bridge designs. Or the
action of the human heart. Or the sequence of
drawings in animated cartoons.

So, we developed the Sylvania Data Tablet DT-1.
Now you simply draw a picture. The Tablet converts
it into digital data, and the computer takes it from
there.

And it’s as easy as it looks. You can trace directly
on the Tablet. Or you can draw on any nonconduc-
tive material—paper or film up to }4 inch thick—
placed between the stylus and the surface.

You can use the Tablet at a desk or console, or as
a transparent overlay. And you get exceptional ac-
curacy: resolution is one part in 4000; linearity is
1% or better.

You also get hard copy.

Here’s how it works: the ball pen stylus is capaci-
tively coupled to a transparent conductive film sand-
wiched between transparent nonconductive layers.
Electric fields are set up in the conductive film in
such a way that coordinate information at any point
is embodied in the phases of the signals at that point.

So now you don’t have to be a genius to talk to
computers. You just have to know how to draw.
Give us a call and we’ll show you how it works.

Sylvania Electronic Systems, Division of Sylvania
Electric Products Inc., 40 Sylvan Road, Waltham,
Mass. 02154.

SYLVANIA

GENERAL TELEPHONE &ELECTRONICS
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MATHEMATICAL GAMES

A mived bag of logical and

illogical problems to solve

by Martin Gardner

t is the custom of this department to
I present every eight or nine months
a selection of short, unrelated prob-
lems of varying difficulty. These will be

answered next month.

1.

This is one of those rare, delightful
puzzles that can be solved at once if
you approach it right, but that is subtly
designed to misdirect your thoughts
toward the wrong experimental pat-
terns. Intelligent people have been
known to struggle with it for 20 minutes
before finally deciding that there is no
solution.

Place four paper matches on top of
the four matches that form the cocktail
glass in the illustration on this page. The
problem is to move two matches, and
only two, to new positions so that the
glass is re-formed in a different position
and the cherry is outside the glass. The
orientation of the glass may be altered
but the empty glass must be congruent
with the one illustrated. The drawing at
A shows how two matches can be moved
to turn the glass upside down. This fails
to solve the problem, however, because
the cherry remains inside. The drawing
at B shows a way to empty the glass, but
this does not solve the puzzle either be-
cause three, rather than two, matches
have been moved.

2.

What is the largest cube that can be
completely covered on all six sides by
folding around it a pattern cut from a
square sheet of paper with a side of three
inches? (The pattern must, of course, be
all in one piece.)

3.

Every member of the TL Club is

either a truther, who always tells the
truth when asked a question, or a liar,
who always answers with a lie. When 1
visited the club for the first time, I
found its members, all men, seated
around a large circular table, having
lunch. There was no way to distinguish
truthers from liars by their appearance,
and so I asked each man in turn which he
was. This proved unenlightening. Each
man naturally assured me he was a
truther. I tried again, this time asking
each man whether his neighbor on the
left was a truther or a liar. To my sur-
prise each told me the man on his left
was a liar.

Later in the day, back home and typ-
ing up my notes on the luncheon, I dis-
covered I had forgotten to record the
number of men at the table. I telephoned
the club’s president. He told me the
number was 37. After hanging up I
realized that I could not be sure of this
figure because I did not know whether
the president was a truther or a liar. I
then telephoned the club’s secretary,
who had been seated next to the presi-
dent at the lunch.

“No, no,” the secretary said. “Our
president, unfortunately, is an unmiti-

—fo —e

gated liar. There were actually 40 men
at the table.”

Which man, if either, should I be-
lieve? Suddenly I saw a simple way to
resolve the matter. Can the reader, on
the basis of the information given here,
determine how many men were seated
at the table? The problem is derived
from a suggestion by Werner Joho, a
physicist in Zurich.

4.

Two brothers inherited a herd of
sheep. They sold all of them, receiving
for each sheep the same number of dol-
lars as there were sheep in the herd. The
money was given to them in $10 bills ex-
cept for an excess amount, less than $10,
that was in silver dollars. They divided
the bills between them by placing them
on a table and alternately taking a bill
until there were none left.

“It isn’t fair,” complained the younger
brother. “You drew first and you also
took the last bill, so you got $10 more
than I did.”

To even things up partially the older
brother gave the younger one all the sil-
ver dollars, but the younger brother was
still not satisfied. “You gave me less than
$10,” he argued. “You still owe me some
money.”

“True,” said the older brother. “Sup-
pose I write you a check that will make
the total amounts we each receive exact-
ly the same.”

This he did. What was the value of
the check? The information seems in-
adequate, but nevertheless the question
can be answered.

Ronald A. Wohl, a chemist at Rutgers

The puzzling Manhattan

© 1967 SCIENTIFIC AMERICAN, INC
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Lunar landing

and exploration

Bellcomm needs space scien-
tists with a wide understanding
of the many disciplines they must
work with—geology, geophysics,
selenology, exobiology, meteo-
rology, mathematics, nuclear
physics, computingand program-
ming, and chemical, mechanical,
electrical and propulsion engi-
neering . ..creative, imaginative
people who understand the inter-
face of problems that are not ex-
clusively theirs.

The broad objectives of lunar
missions are to conduct observa-
tions of the moon, provide for
scientific experiments and tests
on the lunar surface, conduct ex-
periments on the space environ-
ment, evaluate and extend man’s
capabilities to operate in space
as astronaut and scientist, and
qualify systems and crews for
long-duration space missions.

Bellcomm studies these prob-
lems and more as the systems
engineering contractor for NASA.

if you would like to explore
the moon with us, send your
résuméin confidence to Mr. N. W.
Smusyn, Personnel Director,
Bellcomm, Inc., Room 1521-M,
1100 17th St., N.W., Washington,
D.C. 20036.

Bellcomm is an equal opportu-
nity employer.

Bellcomm, Inc.
A Bell System Company
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What is the area of overlap?

University, called my attention recently ~ been making the rounds among his col-
to this beautiful problem, which he had  leagues in the 1950’s. I suspect it is still
found in a French book. Later I dis- not widely known.

covered in my files a letter from Carl J.

Coe, a retired mathematician at the Uni- 5
versity of Michigan, discussing essential- :
ly the same problem, which he said had Ticktacktoe is played on a pattern that

&/

The game of Tri-Hex
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can be regarded as nine cells arranged in / \
eight rows of three cells to a row. It is
(/#16%3)

possible, however, to arrange nine cells The formula you
in nine or even rows ot three. omas . . . -3 "‘64 % x/4.
e or even 10 f three. Th erte "ke thlSi ((«? ) (8’ 47))

H. O’Beirne of Glasgow, author of Puz-

zles and Paradoxes (Oxford, 1965), ex-

perimented with all the topologically You ke into _
distinct patterns of nine rows to see if y @@@@@@@@@@@@TT
any were suitable for ticktacktoe play. MATHATRON

like this: L@®OPRDO@DEERDPE

He found trivial wins for the first player
on all configurations except the one
shown in the bottom illustration on the

opposite page. And MATHATRON

To play Tri-Hex, as O'Beirne calls prints Iike thiS: 5 (£2-3264)F(AX14.7)) @0 (1, 41622)= 144541421 |

this game, one player can use four pen-
nies and the other four dimes. No fifth
move is allowed the first player. Players

take turns placing a coin on a spot, and MATHATRON |s MUCH MORE THAN JUST A CALcULATOR

the first to get three of his coins in a row Only Mathatron will accept an equation keyed in exactly as you write it, and print it out along
wins. If both players make their best with the solution. It is the only machine that understands the rules of algebra and can provide
parenthecation along with powers-of-ten exponents, full-floating decimal point and square root.

L. . Mathatron uses only solid state components and has a core memory for storage of formulas, num-
player or the second, or is it a draw as in bers, programs or intermediate results. The basic Mathatron is expandable. Additional storage
ticktacktoe? registers, program storage, power log, paper tape punch/reader and page printer can be added.

The role played by such Conﬁgurations Why settle for a calculator when you can havg a Math.a'frgn.
. . . Send today for illustrated brochure. Wright Line, A Division

as this in modern geometl’y Is entertain- of Barry Wright Corporation, 160 Gold Star Boulevard,
ingly discussed by Harold L. Dorwart Worcester, Massachusetts 01606.
in The Geometry of Incidence (Pren-
tice-Hall, 1966) and in the instruction
booklet for his puzzle kit, Configurations,
now available from the makers of the
logic game wrF'N prooF. In addition
to its topological and combinatorial
properties, the pattern shown here has
an unusual metric structure: every line
of three is divided by its middle spot into
segments with lengths in the golden
ratio.

moves, is the game a win for the first

MATHATRON

COMPUTER / CALCULATORS,
DATA PROCESSING ACCESSORIES
AND PORTABLE CARD PUNCHES.

A NEW DIMENSION IN EDUCATIONAL GAMES

GAMES for THINKERS For The Man Who

Wants The World’s
Most Advanced
Stereo Receiver, But
Refuses To Build

It Himself ...

Can you solve
this problem?

1. There are three numbered statements in this box.

2. Two of these numbered statements are not true.

3.The average increase in 1.Q. scores of those who
learn to play WFF 'N PROOF is more than 20 points.

\—— Is statement No. 3 true?

6.

Many years ago C. Dudley Langford,
a Scottish mathematician, was watching
his little boy play with colored blocks. |
There were two blocks of each color, and
the child had piled six of them in a
column in such a way that one block
was between the red pair, two blocks
were between the blue pair and three
were between the yellow pair. Substitute
digits 1, 2, 3 for the colors and the se-
quence can be represented as 312132.

This is the unique answer (not count-
ing its reversal as being different) to the
problem of arranging the six digits so
that there is one digit between the 1’s

These unique kits have been specially de-
signed by university professors for those
who enjoy brain-to-brain combat.

A

Box 71-0OY

‘The Heathkit® AR-15 Is
Now Factory Assembled.

Experts agree it’s the world’s most advanced.
All solid-state. Integrated circuits. Crystal
filters. AM/FM Stereo. 150 watts music
power. Ultra-sensitive FET FM Tuner. Pos-
itive circuit protection. ““Black Magic’” panel
lighting. Also available in kit form for extra
savings. Get full details in FREE catalog.
Assembled ARW-15, (less cab.), 34 Ibs.,

Enclosed is $ . Please send me:

— WFF 'N PROOF $6.5!
The Game of Modern Logic

— EQUATIONS: 3.
The Game of Creative
Mathematics

— ON-SETS: $4.50

WFF'N PROOF WFF'NPROOF WFF'N PROOF

g
mn
"
z
L)
a
0
0
n
g
mn
b/
z
L)
a
0
0
n
€
n
b
z
L
2
0
<)
mn

. The Game of Set Theory - $50 dn., $30 MO... ..o wirssenie s $499.50
and there are two digits between the 2’s — A T NS 4 PattirsC Kit AR-15, (less cab.), 34 Ibs.,
and three digits between the 3's. — PROPAGANDA: Game ~ $5.50 $33dn. $2B MO .. orine e $329.95
. . ____REAL-Numbers Game 1.75 AE-16 Wrap-Around Walnut Cabinet, 10 Ibs. $19.95
Langford tried the same task with WFF: Beginners Logic  $1.50
four pairs of differently colored block ——TRe-TIcKLE Hi — Ry
our pairs of differently colore ocks Total $ | HEATH COMPANY, Dept, 36.11 |
and found that it too had a unique solu- (Prices include postage and handling) | Benton Harbor, Michigan 49022 i
. . . O Please send FREE Heathkit catalog.
tion. Can the reader discover it? A con- Name . | O Enclosed is $ —_, plus shipping. |
; . : . Add : SRR Please send model (s) o
venient way to work on this easy problem c-.,m‘ s = i 0 Please send Credit Application. |
is with eight playing cards: two aces, ' X o) Name - I
Refund and return privileges guaranteed! Address '
two deuces, two threes and two fours. Dealer Inquiries Invited lcity State :
. . . t — . —lip
The object then is to place them in a row FOR THOSE WHO ENJOY BRAIN-TO-BRAIN COMBAT L Prices & Specifications subject to change without notice. |
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Rope for the knot problem

so that one card separates the aces, two
cards separate the deuces, and so on.

There are no solutions to “Langford’s
problem,” as it is now called, with five
or six pairs of cards. There are 25 dis-
tinct solutions with seven pairs. No one
knows how to determine the number of
distinct solutions for a given number of
pairs except by exhaustive trial-and-
error methods, but perhaps the reader
can discover a simple method of de-
termining if there is a solution. Next
month I shall make some remarks about
the general case and cite major refer-
ences.

7.

In 1950, when Charles W. Trigg, dean
emeritus of Los Angeles City College,

was editing the problems department of
Mathematics Magazine, he introduced a
popular section headed “Quickies.” A
quickie, Trigg then explained, is a prob-
lem “which may be solved by laborious
methods, but which with proper insight
may be disposed of with dispatch.” This
fall McGraw-Hill has published Trigg’s
first book, Mathematical Quickies, a
splendid collection of 270 of the best
quickies he has encountered or invented
in his distinguished career as a problem
expert.

In an amusing quickie from Trigg’s
book [see top illustration on page 126]
the smaller square has a side of three
inches and the larger square a side of
four. Corner D is at the center of the
small square. The large square is rotated
around D until the intersection of two

sides at point B exactly trisects AC. How
quickly can you compute the area of
overlap (shown shaded) of the two
squares?

[0}
O.

People who have three daughters try
once more

And then it's fifty-fifty they'll have
four.

Those with a son or sons will let things
De.

Hence all these surplus women.
Q.E.D.

This “Note for the Scientist,” by Justin
Richardson, is from a Penguin collection
called Yet More Comic & Curious Verse,
selected by J. M. Cohen. Is the expressed
thought sound?

No, although it is a commonly en-
countered type of statistical fallacy.
George Gamow and Marvin Stern, in
their book Puzzle-Math (Viking, 1958),
tell of a sultan who tried to increase the
number of women available for harems
in his country by passing a law forbid-
ding every mother to have another child
after she gave birth to her first son; as
long as her children were girls she would
be permitted to continue childbearing.
“Under this new law,” the sultan ex-
plained, “you will see women having
families such as four girls and one boy;
10 girls and one boy; perhaps a solitary
boy, and so on. This should obviously
increase the ratio of women to men.”

As Gamow and Stern make clear, it

{

,_.—_.___
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Solutions to last month’s knight’s-move puzzles
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does nothing of the sort. Consider all
the mothers who have had only one
child. Half of their children will be boys,
half girls. Mothers of the girls will then
have a second child. Again there will be
an even distribution of boys and girls.
Half of those mothers will go on to have
a third child and again there will be as
many boys as there are girls. Regardless
of the number of rounds and the size of
the families, the sex ratio obviously will
always be one to one.

Which brings us to a statistical prob-
lem posed by Richard G. Gould of Wash-
ington. Assume that the sultan’s law is
in effect and that parents in Fertilia are
sufficiently potent and long-lived so that
every family continues to have children
until there is a son, and then stops. At
each birth the probability of a boy is
one-half. In the long run, what is the
size of the average family in Fertilia?

9.

Obtain a piece of clothesline rope
about 5% feet long. Knot both ends to
form a loop as shown in the top illustra-
tion on the opposite page. Each loop
should be just large enough to allow you
to squeeze a hand through it. With the
loops around each wrist and the rope
stretched between them, is it possible
to tie a single overhand knot in the cen-
ter of the rope? You may manipulate the
rope any way you like, but of course you
must not slide a loop off your wrist, cut
the rope or tamper with either of the
existing knots.

]jst month readers were asked to place

14 chess knights on an order-9 chess-.
board, and 16 on an order-10 board, so
that on each board all unoccupied cells
are under attack by at least one knight.
The solutions, which are thought to be
unique except for rotations and reflec-
tions, are illustrated at the bottom of
the opposite page.

Readers will be interested to know

that early next year two scholarly quar-
terlies devoted to intellectual play will
make their first appearance, each edited
by an expert who has often been men-
tioned in this department. The Journal
of Recreational Mathematics, edited by
Joseph S. Madachy, will come out in
January. Word Ways: The Journal of
Recreational Linguistics, edited by Dmi-
tri A. Borgmann, will appear in Feb-
ruary. Both journals will be published
by Greenwood Press, Inc., 211 East 43rd
Street, New York, N.Y. 10017. The price
for each is $9 per year for subscribers in
the U.S., $10 in foreign countries.

FOR CHRISTMAS

ANDALLOF 1968

For Christmas and all of 1968, you couldn’'t choose a more perfect
gift for your friends and associates than a subscription to SCIENTIFIC
AMEeRICAN. Whether they are technical executives in industry, engi-
neers, scientists, students or interested laymen, they will be enjoy-
ing their issues and thanking you for them long after most people
have forgotten other gifts.

Take advantage of the low gift rates by sending your gift list today.
If you indicate, each of your friends will receive an attractive Christ-
mas card to inform him of your thoughtful gift.

P.S. If you are not now a subscriber, this is a timely opportunity
for you to take advantage of this Christmas subscription offer.

SPECIAL CHRISTMAS GIFT RATES:

Your own subscription or first gift $8.00
Each additional subscription 7.00

Please enter the following Gift Subscriptions to i(f\:il ET{II‘I(!K&‘

TO NAME

STREET ADDRESS, CITY, ZIP, STATE

TITLE, BUSINESS CONNECTION

GIFT CARD TO READ:

From
NAME
To
STREET ADDRESS, CITY, ZIP, STATE
TITLE, BUSINESS CONNECTION

GIFT CARD TO READ:

From
YOUR NAME

Sender

STREET ADDRESS, CITY, ZIp, STATE

TITLE, BUSINESS CONNECTION

D Also enter or extend my own subscription for a year as part of this order.

D Enclosed is $ for subscriptions. [] Bill me later.

MULTIPLE GIFT PRICES APPLY ONLY WHEN ALL YOUR GIFTS ARE ORDERED AT THE SAME TIME.
THE ABOVE RATES APPLY THROUGHOUT THE WORLD. U. K. SUBSCRIBERS MAY
REMIT IN SHILLINGS. SEE PAGE 8. 1 1 .7

SCIENTIFIC 415 MADISON AVENUE, NEW YORK, N.Y. 10017
AMERICAN *"°
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SCIENCE.“SCOPE

The odds against Surveyor 5's success jumped to 1000 to 1 when a loss of helium pressure was
detected shortly after midcourse correction. Without sufficient pressure to move propellant to its
three small vernier engines, the spacecraft could not be slowed and steadied to a soft landing on
the moon.

Racing against time, a task force of NASA, Jet Propulsion Laboratory, and Hughes scientists
worked around the clock to program a new landing sequence, telescoping 11 weeks of work into
40 hours. They verified their calculations on computers, tested duplicate vernier engines, then
radioed the instructions that brought Surveyor 5 to a perfect soft landing.

When Surveyor 5 was turned off for the lunar night on September 24, it had returned 18,006
pictures of a new potential landing site for astronauts and had lowered a device to analyze the
chemical composition of the moon’s surface by radiation.

The new shipboard satellite communications sets Hughes is now delivering to the U.S. Navy
promise to end the interruptions and blackouts caused by atmospheric and solar disturbances that
have long plagued long-distance radio transmission. Shipboard or base commanders will be able to
communicate with each other by voice or Teletype over vast distances. Messages will be relayed
by DOD’s random-orbiting satellites.

The birth of Hurricane Sarah was discovered in a cloud-pattern photo of the eastern Pacific taken
September 6 by NASA’s ATS-1 satellite. Succeeding photos showed Sarah'’s growth to a full-
fledged hurricane on September 11 (its title was changed to “typhoon” when it crossed the
international date line September 14). The 2,000 residents of Wake Island, warned days in
advance, were safe in typhoon-proof buildings when Sarah’s 140-mph winds left the outpost a
shambles on September 16.

Full-color photos of the Atlantic cloud pattern will be taken by the ATS-C satellite scheduled to
be launched this fall. The spin-scan cloud cameras for both ATS satellites were developed by
Santa Barbara Research Center, a subsidiary of Hughes Aircraft Company, which is building the
Applications Technology Satellites for NASA’s Goddard Space Flight Test Center.

Hughes has immediate openings for engineers in the following fields: weapon systems, design and
analysis, data processing, communications system design, radar system design and development,
structural analysis, design and packaging, and display systems. Minimum requirements: two years
of applicable experience, accredited engineering or scientific degree, U.S. citizenship. Please send
your resumé to Mr. J. C. Cox, Hughes Aircraft Company, Culver City, California. Hughes is an
equal opportunity employer.

Five different types of spacecraft carry traveling-wave tubes by Hughes. These little TWTs — the
invisible links that make radio communications and picture sending possible—have already
operated more than 133,000 hours in space. They are in use on Comsat’s Early Bird and Intelsat
satellites and on NASA’s ATS and Syncom satellites and Surveyor spacecraft, all built by Hughes.

The Apollo manned lunar landing vehicle and the Saturn booster will also be equipped with
Hughes TWTs. Other spacecraft include Lunar Orbiter V, Venus-bound Mariner V, and Pioneer.

Creating @ new world with electronics
mm———mm——————————

{ HUGHES

HUGHES AIRCRAFT COMPANY
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Conducted by C. L. Stong

f all the electrical energy that is
I locked in the chemical bonds of gas-
oline could be transformed into use-
ful work, an automobile of average size
would run at least 100 miles on a gallon
of fuel. The vehicle could be set in mo-
tion at the touch of a switch. It would
operate silently and discharge no nox-
ious fumes.

The performance of automobiles and
of most other powered machines could
be upgraded to this level of efficiency
by a single technological advance: the
development of a device for trans-
forming the energy of chemical bonds
directly into electric current. Most de-
vices now used for harnessing the ener-
gy of fuel, such as internal-combustion
engines, employ a process that involves
three or more wasteful steps. Fuel is
first burned, a reaction in which electro-
static energy is liberated in the form of
heat. The heat is then converted into
mechanical energy by the moving parts
of the engine. In many installations
the mechanical energy is finally trans-
formed back into electrical energy by an
alternator or a dynamo. Each transfor-
mation proceeds at the cost of wasted
energy. For this reason experimenters,
both professional and amateur, have
long dreamed of developing an inex-
pensive, compact and durable electro-
chemical cell that would make the
transformation in a single step.

In theory such a cell could be made.
The first promising step toward its de-
velopment was taken by Alessandro
Volta 175 years ago. Volta’s apparatus,
the predecessor of the ordinary dry cell,
consisted of small pieces of cloth
moistened with brine and sandwiched
between alternating disks of zinc and
silver. The device was an effective con-
verter of energy, as indicated by Volta’s
report of an early experiment: “I have

THE AVATECR SCIENTIST

How to make an electrochemical cell

and also an unusual kind of sundial

finally succeeded in stimulating my
sense [of hearing] with my new appa-
ratus. I introduced into my ears two
metal rods with rounded ends and
joined them to the terminals of the ap-
paratus. At the moment the circuit was
completed I received a shock in the
head: and a few moments afterward,
the circuit remaining closed, I began to
hear a noise which I cannot well de-
scribe. It was a crackling...or boiling.
This disagreeable sensation, which I
feared might be dangerous, has de-
terred me so that I have not repeated
the experiment.” The energy responsible
for Volta’s discomfort was liberated at
high efficiency in a single step by a
chemical reaction in which the metal,
particularly the zinc, served as fuel.

A cell that demonstrates essentially
the same properties can be assembled
inexpensively at home by substituting
copper for the silver. The experiment
can serve as an introduction to the basic
properties of electrochemical cells in
general. Both copper and zinc, in the
form of sheet metal known as “flashing,”
can be bought from tinsmiths and from
most dealers in hardware.

In order to make a small cell cut the
sheets into two-inch squares and scour
the surfaces with steel wool. Cut a few

voltaic

pi.e

paper towel ov cloth
soaked in brine

similar squares of cotton cloth or paper
toweling. Soak them in a saturated solu-
tion of table salt and tap water. (Such a
solution, at a given temperature, will
dissolve no more salt.) Sandwich a sheet
of wet cloth or paper between a copper
plate and a zinc plate. Place the sand-
wich between flat wooden blocks and
squeeze it with a C-clamp or a vise. Con-
nect the positive terminal of a voltmeter
to the copper plate and the negative ter-
minal to the zinc plate. The pointer of
the meter will swing to about .8 volt. An
ammeter connected in the same way will
indicate a current of about 15 milli-
amperes. The current will drop to ap-
proximately five milliamperes within a
minute or two as reaction products ac-
cumulate in the cell.

Higher voltages can be generated by
building a pile of cells. Place the copper
plate of one cell on top of the zinc plate
of its neighbor below, and so on. Clamp
the completed pile and attach lead
wires to the end plates. The output po-
tential will increase in direct proportion
to the number of cells in the battery.
The maximum current delivered by the
battery will vary directly with the area
of the plates. Volta assembled batteries
of 100 or more cells.

With a somewhat similar battery the

squares of

squa.res
of zinc

before

clamping
[

squares
ofcopper

Elements of an electrochemical cell
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Sol M. Gruner’s fuel cell

English chemist Sir Humphry Davy sent
electric current through molten salts
and in 1807 succeeded in isolating the
alkali metals sodium and potassium by
electrolysis. Shortly thereafter the Roy-
al Society of London constructed a bat-
tery of 2,000 cells, the plates of which
measured 2% feet by six feet. This giant
powered the first carbon arc light and
led to the discovery of the laws of elec-
trolysis.

Volta’s battery, although it was primi-
tive in design, must not be dismissed as
a harmless toy. The experimenter work-
ing with more than 20 cells must exer-
cise caution. As Volta learned, electrici-
ty can make one’s head roar; it can also
be lethal.

Two factors have limited the useful-
ness of Volta’s apparatus and of its lin-
eal descendants as sources of electrical
energy. One is the relatively high cost
of the metallic fuel; the other is the fact
that the cell consumes itself. The ideal
cell would be kept fully charged by a
supply of inexpensive fuel such as alco-
hol or gasoline, and its working parts
would have a long service life.
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Substantial progress toward meeting
these objectives has been made in re-
cent years. Some of the resulting cells
are simple enough for amateur con-
struction. For example, Sol M. Gruner
of Elmer, N.J., has made working mod-
els of two types. One uses hydrogen as
fuel and the other uses alcohol.

“My cells,” Gruner writes, “were built
as an experiment rather than as power
sources. Both are small, comparatively
inexpensive and designed for easy modi-
fication so that various chemical systems
can be tested conveniently. The power
output is limited to a few milliwatts but
is sufficient for accurate measurement by
instruments of modest cost. Both cells
operate at room temperature and atmo-
spheric pressure.

“Each cell consists of a glass contain-
er that can be a large test tube, a beak-
er or a similar vessel; a cover made of
an insulating material such as plastic or
rubber, and a pair of electrodes, which
are suspended from the cover. The
electrodes of the hydrogen cell were
made of carbon rods from used dry
cells. The rods were drilled lengthwise
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to form slender cups with walls some-
what less than a sixteenth of an inch
thick. The carbons were heated to
about 1,500 degrees centigrade to
drive off the ammonium chloride and
other substances carried over from the
dry cells and were then impregnated
with two metals that function as cat-
alysts enabling the hydrogen gas to
combine with oxygen at room temper-
ature.

“The oxygen electrode, which is the
positive terminal of the cell, requires a
catalyst of finely divided silver oxide. It
was prepared by injecting a concentrat-
ed solution of silver nitrate into one of
the hollow carbons. The electrode was
then drained, dried and heated to red-
ness with a gas torch to decompose the
silver nitrate thermally into silver and
nitric oxides. The finely divided par-
ticles of silver oxide remained in the
carbon as the catalyst and the nitric
oxide was liberated as gas. I have also
experimented with an alternate oxygen
catalyst consisting of one part of nickel
oxide to 10 parts of cobalt oxide. A con-
centrated solution of the nitrates of
these metals is applied to the electrode
and decomposed by the procedure just
described.

“Finely divided platinum serves as
the catalyst of the hydrogen electrode.
Chloroplatinic acid is applied to the
carbon and decomposed into platinum
black by heat. The acid costs about $10
per gram, but a little goes a long way. A
few milligrams of acid adequately coats
an electrode made from the carbon of a
size-D flashlight cell.

“The open ends of the electrodes are
slipped into tightly fitting tubes of rub-
ber or plastic through which the gases
are fed to the cell. Leads of copper wire
are wrapped in contact with the carbon
adjacent to the tubing. The electrodes
are then spaced a few millimeters apart
and clamped in parallel alignment by
a fixture improvised from rigid plas-
tic that is fastened to the cover of the
cell. The tubes and leads pass snugly
through holes in the cover.

“The cell is completed by immersing
the electrodes in a solution made by
dissolving 300 grams of potassium hy-
droxide in one liter of distilled water. A
sufficient quantity of this electrolyte is
transferred to the cell container for im-
mersing the electrodes. When fuel gas
and oxygen are admitted, the cell devel-
ops a potential of about 3/4 volt. I gen-
erate the hydrogen and oxygen by the
electrolysis of water. Gas from the elec-
trolysis apparatus is fed directly to the
electrodes through flexible tubing. The
rate of gas flow is regulated by adjust-



Studies in sterile repair techniques are moving ahead at Martin Marietta.
So could you be.

We're learning how to sterilize interplan-
etary spacecraft, down to the last micro-
organism. So are other people. But what
about last-minute repairs on the launch
pad? Does that mean you have to re-
sterilize everything again?

We don’t think so. Martin Marietta is
investigating 20 differentapproachesto

Martin Mariettais an equal opportunity employer.

sterile repair techniques. It's a fascinat-
ing study—one of the most interesting in
a series of sterilization study contracts
which we’re performing for NASA.
Sterilization is only one of the prob-
lems involved in design and operations
planning for future spacecraft and their
systems. We’re working most of them
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under a variety of programs.

If you'd like to be in on the great ad-
ventures of the '70s, write today to
George F. Metcalf, Vice President—
Professional & Management Relations,
Martin Marietta Corporation, Aerospace
Group, Friendship International Airport,
Maryland 21240.

MARTIN MARIETTA



il '.'.’».-'.'r_'i,ﬁl’.‘::

L2 2 S 2 TR
i ——— " a

Zinc.
Make something of it.

AMERICAN ZINC INSTITUTE « AMERICAN METAL CLIMAX * AMERICAN SMELTING AND REFINING + ASARCO MEXICANA ¢ AMERICAN ZINC « ANACONDA « BALL BROTHERS
TYPE METAL * MATTHIESSEN & HEGELER ZINC » NATIONAL ZINC » NEW MARKET ZINC « NEW JERSEY ZINC « NORANDA SALES « OZARK-MAHONING « PEND OREILLE MINES & METALS
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Something influentiall.

Like the decorative trim on automobiles. The average car is sold
three times. Each time, the “‘bright work'" becomes more important
to the car's saleability, more influential in the buyer's decision.
Grilles, lamp housings and body moldings that have retained their
brightness and shape invariably catch the buyer's eye. Invariably,
also, they are made of plated, die-cast zinc.

Why zinc?

Because, for one thing, it can be made into something influential.

* BUNKER HILL « CERRO SALES « COMINCO « DAY MINES « EAGLE PICHER « ELECTROLYTIC ZINC (AUSTRALIA) « GENERAL SMELTING « HUDSON BAY MINING & SMELTING +« IMPERIAL
e PHELPS DODGE < PLATT BROTHERS « ST. JOSEPH LEAD + SOCIETE METALLURGIQUE DU KATANGA (AFRICA) « SUPERIOR ZINC + U. S. SMELTING REFINING & MINING
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Research interestsin CAL’s Physics
Division draw on a dozen different dis-
ciplines. Projects range from the macro
to the micro—from radio astronomy, for example,
to electron microscopy. Broad fields of interest,
often quite interwoven, include electronics, elec-
tromagnetic propagation, radar, and critical
aspects of aircraft and missile technology. Experi-
mental facilities, maintained to complement and
direct the theoretical work, have been used to
bounce energy off the moon, measure the structure
and dynamics of storms, describe radar target

lllustration symbolizes the research of our Physics Division. Others in the series
reflect the technical essence of our four other Divisions: Aerosciences,
Computer Sciences, Full-Scale, and Systems.

IMAGINATION
In Physics
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characteristics, study complex task per-
formance, investigate reentry plasma
properties, and switch microwave en-
ergy at high power levels. [] That's a broad and
exacting range of research. And often the only
common ingredient among the projects is the
imagination applied. If you have been missing the
chance to apply your imagination lately, we invite
you to investigate CAL. Just write, indicating your
interests, to Mr. P.W.Rentschler, Cornell Aeronauti-
cal Laboratory, Inc., Box 235, Buffalo, N.Y. 14221.
(CAL offers equal employment opportunity to all.)

Y
"o

CORNELL AERONAUTICAL LABORATORY, INC.

of Cornell University
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ing the direct current that energizes the
electrolysis apparatus.

“The alcohol cell is based on a dem-
onstration cell that was first described
by the Esso Research and Engineering
Company. It is more convenient to use
than the hydrogen-oxygen cell and ap-
pears to operate at higher efficiency. It
is also somewhat easier to make be-
cause the electrodes consist of 150-
mesh nickel screening. They are two
inches wide and five inches long.
(Nickel screening of this mesh can be
obtained from the Newark Wire Cloth
Company, 351 Verona Avenue, New-
ark, N.J. 07104. A sheet six inches
square is currently priced at $1.75.)

“One end of each electrode is bent to
a right angle and pierced for a nickel-
plated machine screw that attaches the
screening to the cover of the cell [see
illustration on page 132]. The electrodes
must also be coated with catalysts of
platinum and silver. The fuel electrode,
which is the negative terminal of the
cell, is prepared by immersion for one
hour in a solution of chloroplatinic acid
dissolved in 100 milliliters of distilled
water. During immersion the electrode
is turned over several times to ensure a
uniform coating. Platinum ions in the
solution deposit on the nickel in the
form of platinum black. Some nickel
goes into solution as nickel ions. The
oxygen electrode is similarly coated
with silver by immersing the second
piece of screening for an hour in a solu-
tion consisting of five grams of silver
nitrate dissolved in 100 milliliters of
distilled water. Avoid touching the sur-
faces of the coated electrodes.

“Both cells use the same electrolyte:
a 5.5-molar solution of potassium hy-
droxide. Any glass vessel that will ac-
commodate the electrodes can be used
as the container. I prefer a beaker with
a volume of one liter. The container
should be filled so that the electrodes
will be immersed almost up to the
heads of the machine screws. The fuel
consists of 35 milliliters of methyl alco-
hol, which is mixed with the electrolyte.
(My experiments indicate that denatured
ethyl alcohol works about as well.) A
sheet of white filter paper or blotting
paper should be inserted between the
electrodes to prevent the screens from
making accidental contact, which would
short-circuit the cell.

“After the fuel has been added a po-
tential of .5 volt will appear across the
electrodes. A milliammeter connected
to the terminals will indicate an initial
current of about 20 milliamperes. At
this current the terminal voltage will
fall almost to zero because the oxygen

electrode will quickly accumulate a
coating of fine bubbles that are released
by the reaction. Most of the voltage will
appear between the electrolyte and the
oxygen electrode, across the layer of
bubbles.

“The coating can be disrupted by
playing a stream of air bubbles continu-
ously over the surfaces of the oxygen
electrode. I accomplish this by install-
ing an air dispenser immediately below
the electrode. It consists of a short
length of rubber tubing, tied closed at
one end, that has been pierced several
hundred times by a sewing needle. Air
from an aquarium compressor is fed to
the perforated tubing. The rate of air-
flow is adjusted by applying a pinch
clamp to the supply hose from the com-
pressor to produce a rising cloud of bub-
bles of pinhead size. The effect of the
bubbles on the performance of the cell
can be observed by connecting a 100-
ohm resistor across the cell as a load and
measuring the voltage with and without
the air supply. When the switch is
closed in the absence of air, the output
potential will quickly drop to about .1
volt. When the compressor is started,
the voltage will rise almost to its open-
circuit value and the power output will
approach 10 milliwatts. If the com-
pressed air is replaced by pure oxygen,
the output will increase to 30 milliwatts
or more. I found that the output can be
increased still more by adding 15 millili-
ters of concentrated sodium hypochlo-
rite to the electrolyte and then slowly
injecting hydrogen peroxide under the
oxygen electrode at a rate of about five
milliliters per hour. The sodium hypo-
chlorite dissociates the hydrogen per-
oxide, yielding nascent oxygen.

“The cell generates electric current
by ‘burning’ alcohol into formic acid.
At the oxygen electrode a molecule of
oxygen combines with two molecules

AT THE OXYGEN ELECTRODE:
O, + 2H,0 + 4e —40H™

AT THE FUEL ELECTRODE:
CHZ;OH + 4OH—> HCOOH + 3H,0 + 4e

OVERALL REACTION:

0, + CH;O0H—>HCOOH + H,0

Chemical reactions in the fuel cell

of water and four electrons, which are
supplied by the electrode, to form four
hydroxyl ions. The hydroxyl ions mi-
grate through the electrolyte to the fuel
electrode, where they combine with a
molecule of alcohol to yield one mol-
ecule of formic acid, three molecules of
water and four electrons, which make
their way back to the oxygen electrode
through the external circuit [see illus-
tration above]. The formic acid prompt-
ly reacts with the potassium hydroxide
to form its salt.

“Although the cell is not intended as
a power source, it will operate a small
transistor-radio receiver continuously
on a single charge of fuel for more than
1,500 hours. At the end of the period
the cell can be recharged immediately
by adding alcohol. The circuit of an ap-
propriate receiver that can be assem-
bled easily at home is shown in the ac-
companying illustration [below]. The
construction can be simplified by buy-
ing a ready-made antenna coil and a
variable capacitor from a dealer in radio
supplies. The coil-capacitor combina-
tion should be capable of tuning from
540 to 1,600 kilocycles.”

very generation includes a substan-
tial number of amateurs who de-
sign sundials, a hobby that continues to
recruit enthusiasts even in these days

to earphone

0”8 hOI’t ) 25 mfd
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| £ [ .
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Circuitry of a cell-powered radio receiver
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TRW
1s 00 years

of results
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Look what we’ve done
in the last twelve.

Since 1954, TRW Systems Group has
provided advanced technology for
USAF ballistic missile programs from
Thor and Atlas to the Minuteman I
ICBM.. .. has built Pioneer, Explorer,
OGO and Vela satellites, and is build-
ing Intelsat Il for ComSat Corp.We've
developed low thrust rocket engines,
radar systems and inertial guidance
systems. Our interests also include
urban development, underwater
defense, advanced space probes and
fundamental research.

We need people now to help us get
things done tomorrow. Drop a line
(and a resume) today to James G.
Lacy, Professional Placement, Room
150-K, TRW Systems Group, One
Space Park, Redondo Beach, Califor-
nia 90278. TRW is an equal opportu-
nity employer.

We need men and women in:

Computer Sciences /Analytical
Research / Chemistry / Aerosciences
/ Information Systems / Communica-
tions / Digital Systems / Electronic
Warfare / Product Engineering / Aero-
space Ground Equipment / Guidance
& Control / Sensor Systems / Micro-
electronics/Manufacturing Engineer-
ing / Electric Power / Administration
/ Space Vehicle Design / Mechanical
Engineering/Product Assurance/Inte-
gration & Test/Systems Engineering.

TRW

TRW (formerly Thompson Ramo Wooldridge) is
60,000 people at 200 locations around the world,
who are applying advanced technology in space,
defense, automotive, aircraft, electronics and
industrial markets.
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when wristwatches are almost as com-
mon as shoes. To the collection of un-
usual dials that have appeared in recent
years is now added one that tells clock
time and daylight saving time. William
C. Boyd, professor of immunochemistry
at the Boston University School of Med-
icine, is the designer. He writes:

“Considering the thousands of years
that sundials have been used, it seems
unlikely that an amateur could invent a
new design. It may well be that mine is
not new, but I have never come across
one like it, even though it is based on a
simple principle. Its novel feature is an
adjustable dial. The time, as indicated
by the shadow of the gnomon, can be
advanced or retarded by rotating the
dial, just as a clock can be reset by mov-
ing the hour hand.

“The dial must be reset almost every
day to keep the indicated time in step
with clock time, because the shadow
cast by the gnomon ‘runs’ faster or slow-
er than clocks by a predictable amount
that varies throughout the year. This
predictable variation, known as the
equation of time, can be recorded as a
table of corrections that dictates the set-
ting of the dial for every day of the

No. 26 silver-
wire gnomon

base plate

9" x 12"

fidvcial mark
set to correct

for difference
between local
meridian and )
standard-time |
meridian |

time"‘ - .
cquation
mechanism

Sundial designed by William C. Boyd
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year. Data for compiling the table are
available in standard references such
as The American Ephemeris and Nau-
tical Almanac. (This reference is avail-
able in most public libraries and can
be bought from the Superintendent of
Documents, U.S. Government Printing
Office, Washington, D.C. 20402.) I en-
graved the table on a metal plate that
is mounted on the base of the dial. A
photocopy of the table posted indoors
would serve as well.

“The instrument can be built by any-
one with access to modest workshop fa-
cilities. My model was made largely of
do-it-yourself aluminum that I bought
at a hardware store. The apparatus is
held together by brass machine screws
that were tapped into the aluminum. I
sidestepped the most difficult part of
the job—graduating the dial-by us-
ing part of a carpenter’s square. The
square, made of stainless steel, had
1/12-inch graduations. I used a hack-
saw to cut a two-foot length, which
I then bent into a semicircle [see illus-
tration below]. The semicircle corre-
sponds to a 12-hour interval; the small-
est division represents 2% minutes. All
the other dimensions of the instrument

24" stainless-steel rule

divided 12 perinch
attached to brass strip
bearing hour marks

every ’gwo inches

> N
/ Dial

& {-
Y slides in
7 curved alu-

minum support.
A rack attached to dial
pinions in 1:3 vatio

knob for
making time
corvrections

AN vacks attached to time-
equation mechanism



are determined by the size of the dial.

“The graduated dial slides on the sur-
face of a semicircular aluminum support
and is loosely attached to the support
by brass screws that move in slots. The
dial is restrained laterally by stops at
the edges of the support and is rotated
back and forth on its support by a brass
rack bent to the same radius and
soldered to the dial. The rack is en-
gaged by a pinion gear fixed on one end
of a shaft. The opposite end of the shaft
is fitted with a knob that extends be-
yond the edge of the base. To reset the
time indicated by the dial one merely
turns the knob one way or the other.

“Another handy feature that increas-
es the accuracy of the instrument is a
time-equation mechanism that displays
the setting of the dial. The mechanism
consists of a flat graduated scale, geared
to the dial by a pair of straight racks
that engage a pair of gears mounted
on the adjustment shaft. The graduated
scale slides in a set of ways. The driving
gears have three times as many teeth as
the pinion that engages the rack of the
dial, hence the linear displacement of
the flat scale exceeds by threefold the
movement of the dial. This multiplica-
tion of motion increases by threefold
the precision with which the dial can be
set. A change of 1/4 inch corresponds
to a time interval of 2% minutes. The
scale of the indicator was cut from a ma-
chinist’s steel rule. I ruled a vernier
scale by hand. The vernier is fixed to
the base of the instrument, adjacent to
the graduated edge of the machinist’s
rule.

“The gnomon consists of a 9.4-inch
length of No. 26-gauge silver wire sup-
ported 7.64 inches above the dial by
a pair of adjustable blocks carried by
arms made of aluminum strips. The
base of the instrument is constructed for
rotation in both declination and azi-
muth, so that the gnomon can be point-
ed both to true north and parallel to the
earth’s axis. When the gnomon is so
aligned, it is possible even without ref-
erence to the vernier scale to set the
dial to within 15 seconds of local clock
time. On July 11 of this year I made a
total of 18 readings, spaced roughly 40
minutes apart, and checked each read-
ing against a good watch that had been
set by reference to time signals broad-
cast by radio station WWV of the Na-
tional Bureau of Standards. The max-
imum error amounted to 4.5 minute
and the average error to =.17 minute,
or about 10 seconds. Many watches are
not as good. Moreover, errors made by
the sundial are not cumulative. On the
other hand, one does need the sun.”
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Published on the occasion of the 65th
anniversary of the founding of the
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The Celestron 16
SCHMIDT-CASSEGRAIN TELESCOPE

The many basic features of this superb f/11,
16-inch Telescope as well as optional accessories
make it the most versatile instrument available for
educational institutions. Visually it may be used
at low magnification for open cluster or nebulae
study or at high magnification for close-up views
of the moon or planets. In either case the images
are unusually crisp and well illuminated. Accessories
are available for using this instrument as a plane-
tary camera or as an f/2 Schmidt Camera.

Priced at $11,500.00 including on-site installa-
tion assistance and instruction,

Celestron Pacific — 13214 Crenshaw Bivd.
Gardena, Calif. 90249 Ph. (213) 323-6160
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Fascinated by Mathematics? Physics? Chemistry? Astronomy? Archaeology? Biology? Genetics?
Anthropology? Technology? Space Flight? Computers? Evolution?
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contribute to this useful and lucid vol-
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complexity problems, as based on
algebra and number theory. Publisher’s
Price $13.95

3623. BIOCHEMISTRY. Ernest R. M. Kay.
Brilliant demonstration of the life proc-
ess in terms of the chemical events
that underlie the remarkable interde-
pendence of structure and function in
living cells. Publisher’s Price $7.95.

4207. DEVELOPMENT OF MODERN CHEM-
ISTRY. Aaron J. Ihde. Panoramic his-
tory of the past two centuries, as chem-
istry became the science we know today.
851 pages. Publisher’s Price $13.50

4320. THE EARTH. carl O. Dunbar. The
dean of American geologists reviews all
that we know about the development of
the earth and the perennial mystery of
its origins. Publisher’s Price $12.50

4436. ELEMENTS OF ABSTRACT ALGEBRA.
Richard A. Dean. Superb, newly pub-
lished presentation of the challenging
branch of modern mathematics whose
foundations lie in the theory of groups.
Publisher’s Price $7.95

4494, ENCYCLOPEDIA OF PHYSICS. Rob-
ert M. Besancon, Editor. Indispensable
one-volume reference work covering all
standard and advanced topics in phys-
ics. 316 articles by 320 prominent con-
tributors. Publisher’s Price $25.00
Counts as two choices.

4620. ESP: A SCIENTIFIC EVALUATION.
C. E. M. Hansel. The first book to scien-
tifically appraise the mounting evidence
for psychic phenomena. especially the
‘‘laboratory’’ experiments that appar-
ently make the case for ESP. Pub-
lisher’s Price $6.95

4667. EXCURSIONS IN NUMBER THEORY
/MATH DIVERSIONS. A well-selected col-
lection of fascinating aspects of num-
ber theory by C. S. Oglivy and John T.
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Anderson, and delightful, wide-ranging
and historica]ly famous math problems
compiled by J. H. Hunter and Joseph
S. Madachy. Publlsher s Price $9.95
Two books count as one choice.

4834. FAMOUS PROBLEMS OF MATHE-
MATICS. Heinrich Tietze. Brilliant pres=
entation of modern and classic prob-
lems in mathematics, including Fermat's
last problem, trisecting an angle and
many more. Publisher’s Price $10.00

4887. FOUNDATIONS OF PLASMA DYNAM-
ICS. E. M. Holt and R. E. Haskell.
Extremely lucid outline of the funda-
mentals of this spectacular new branch
of physics. Publisher’s Price $12.95

4890. FRIENDSHIP AND FRATRICIDE.
Meyer A. Zeligs, M.D. Psychoanalytlc
insights applied to the protagonists in
the Hiss-Chambers case by an eminent
clinician. Publisher’s Price $8.95

5210. GUIDE TO MATHEMATICS FOR THE
INTELLIGENT NON-MATHEMATICIAN.
Edmund C. Berkeley. Leads the non-
mathematician painlessly through def-
inite and indefinite numbers, calculus,
the “New Math’’ and more. Publisher’s
Price $6.95

5338. HISTORY OF TECHNOLOGY, Vol-
ume IV: The Industrial Revolution.
Charles Singer, E. J. Holmyard, A. R,
Hall, Trevor I. Williams, Editors. Pano-
ramic view of the Industrial Revolution
from 1750 to 1850 which ushered in our
modern era. Publisher’s Price $26.90

5529. INFORMATION, COMPUTERS, AND
SYSTEM DESIGN. Ira G. and Marthann

Wilson. Comprehenswe overview of
systems concepts in the light of infor-
mation theory. Publisher’s Price $12.50

5530. INFORMATION STORAGE AND RE-
TRIEVAL. Becker and Hayes. Outstand-
ing guide that covers information sys-
tem theory and design, man-machine
relationships. much more. Publisher’s
Price $11.95

5554. IN SEARCH OF THE PRIMITIVE.
Lewis Cotlow. Fascinating glimpses of
the customs and lore of primitive peo-
ples whose way of life is fast vanishing
under the onslaught of civilization.
Publisher’s Price $8.95

5628. INTRODUCTION TO LINEAR AL-
GEBRA. Marvin Marcus and Henryk
Minc. Rigorous, lucid treatment of fun-
damental concepts of linear algebra
and matrix theory which introduces
pragcstlcal applications. Publisher’s Price

5631. INTRODUCTION TO PROBABILITY
AND STATISTICS. B. W. Lindgren and
G. W. McElrath. Clearly presents the
basic ideas of statistics and probability,
illustrated with many easily understood
problems from many disciplines. Pub-
lisher’s Price $7.95

5634. INTRODUCTION TO MATHEMATI-
CAL STATISTICS. Robert V. Hogg and
Allen T. Craig. Answers the question
that crops up in all fields of science.

© 1967 SCIENTIFIC AMERICAN, INC

5
@
=
:
-
l: 1

G

"

i
-

g
i
-
&
=
=

Sk

JSTHO4 NVORITNY IVIID

=
=

‘‘What are the odds against it?’’, and
gives the mathematical methods for
;eacshing that answer. Publisher’s Price
8.9

5773. NUMBER: THE LANGUAGE OF SCI-
ENCE. Tobias Dantzig. ‘“The evolution
of mathematical thought from the earl-
iest times to the latest constructions is
presented here with admirable consist-
ency and in a wonderfully lively style.’’
—Albert Einstein. Publisher’s Price $6.95

5810. LECTURES ON ELEMENTARY NUM-
BER THEORY. ‘*A highly original, ex-
citing, and readable introduction to the
many aspects of number theory.”’—Mel-
vin Hausner. Publisher’s Price $7.75

5864. LINEAR PROGRAMMING. N. Paul
Loomba. Definitive explanation of to-
day’s most widely used programming
technique. Publisher’s Price $8.50

5940. MACHINERY OF LIFE. Dean E.
Wooldridge. Brilliant exposition of the
thesis that the biological development
of life is an inevitable result of the
operation of the laws of physics. Pub-
lisher’s Price $7.95

6036. MAN'S PLACE IN THE DYBO-
SPHERE. Richard R. Landers. A chal-
lenging exploration of the brave new
world which machines that ‘‘think’”
have created — and will create — for
modern man. Publisher’s Price $5.95

6153. ELEMENTARY MATRIX ALGEBRA.
Franz E. Hohn. Provides a concrete
understanding of matrix theory and
of the applications to fields from indus-
trial ‘“‘transport’’ problems to atomic
physics and game theory. Publisher's
Price $8.50

6396. THE NATURE OF SOLIDS. Alan
Holden. Lucid treatment of heat, sym-
metry, crystal structure, quantum me-
chanics, electrical conduction, and
magnetic phenomena as they concern
the solid state. Publisher’s Price $6.95

6436. THE NEW AGE IN PHYSICS. sir
Harrie Massey. Gives a clear under-
standing of the complex advances in
twentieth-century physics and the re-
sulting changes in our concept of mat-
ter. Publisher’s Price $10.00

6860. PHILOSOPHY OF MATHEMATICS.
Paul Benacerraf and Hilary Putnam,.
Two dozen of the greatest mathematical
minds — brought together for the first
time — focus on the fascinating prob-
lems to which modern mathematics has
given birth. Publisher’s Price $11.35

8383. TOPICS FROM THE THEORY OF
NUMBERS. Emil Grosswald. Historical
approach to the presentation of number
theory, including divisability, congru-
ences, quadratic residues and arithme-
tic functions. Publisher’s Price $8.50

8436. TOPICS IN MODERN MATHEMAT-
ICS. Howard M. Nahikian. Ideal in-
troduction to some of the most exciting
and basic concepts in modern math-
ematics: sets and subsets, Boolean
algebra, probability, vector spaces, mat-
rices. linear transformatmn etc. Pub-
lisher’s Price $7.



by Charles F. Hockett

BioLocicar. FounpaTions or LaAN-
GUAGE, by Eric H. Lenneberg. With
appendices by Noam Chomsky and
Otto Marx. John Wiley & Sons, Inc.
($14.95).

ome 30 years ago Leonard Bloom-
field published his book Language,

ostensibly an elementary text but
in fact a masterly synthesis and com-
pendium of all that had been learned
about the subject in the century and
a half since scientific linguistics first
emerged from the mists of medieval
philosophical speculation. In spite of
some errors of detail and one major
theoretical discrepancy, Bloomfield had
sifted the work of his predecessors so
carefully, and had himself built so well,
that his presentation has still not been
superseded.

This is not because Bloomfield’s suc-
cessors have been lazy or incompetent.
In fact, they have been very busy. The
generalizations Bloomfield ventured on
the basis of a small and rather biased
sample of the world’s languages have
been checked on several hundred more,
and in the main they have held up; a few
about which he was hesitant have been
rendered firm. In a more theoretical vein
some investigators have tested his frame
of reference by suppressing one or an-
other of its features to see if the omis-
sion really matters (always to find that
it does) or by adding some new twist
(only to find that it gets in the way).

Bloomfield was largely or wholly si-
lent on certain issues, not because they
are unimportant but because no reliable
information was yet available. He not
only noted but also insisted that lan-
guage is an exclusively human preroga-
tive, and that its possession is in turn
responsible for much else that is spe-
cifically human. He says nothing, how-
ever, as to how this may have come
about in biological evolution. He makes
no comment on the possible ways in

BOOAS

The foundations of language in

man, the small-mouthed animal

which human genes, and the anatomy
and physiology that stem from them,
differ from those of other animals so that
we have language and they do not. Cer-
tain directions of research that might in
time shed light on these problems re-
ceive short shrift. He offers no systematic
comparison of human language with
the communicative behavior of other
species; he covers the child’s acquisition
of language only in the briefest outline,
and he condenses to a single page the
then available reports on the speech be-
havior of people suffering from aphasia.

It is to just such matters as these that
Eric Lenneberg refers by the phrase “bi-
ological foundations” in the title of the
book reviewed here. Much has been
done along these lines in the past three
decades. Lenneberg has himself made
extensive observations on the communi-
cative behavior of the deaf, of mentally
retarded or defective children, and of
patients suffering from brain injuries.
For this report he draws on his own ex-
perience but combines it with a care-
ful combing of an enormous literature
that presents the findings of others: psy-
chologists, psychiatrists, brain surgeons,
pathologists, primatologists and even a
few linguists. The reader’s expectations
should not be unrealistic. Obviously one
will not find in this book a map showing
the chromosome loci responsible for our
power of speech. Reasonable expecta-
tions are that the book be a progress re-
port, explaining which lines of research
and speculation have proved fruitless,
which have shown promise and should
be followed up, and perhaps venturing
a few tentative generalizations.

Except in one important respect, these
expectations are fulfilled. Several topics
that Lenneberg handles in a very inter-
esting way will be omitted here, but I
shall give a summary of what to me are
his most important positive findings.

The first point is mentioned only in
passing, but it was new to me and
caught my fancy. For vocal-auditory
communication Homo sapiens has an
advantage over the other hominoids in
the relatively small external opening of
his oral cavity. This is a matter of physi-

© 1967 SCIENTIFIC AMERICAN, INC

cal acoustics that can be tested in any
kitchen. Allowing for differences of ma-
terial and shape, a container with a
small mouth, such as a beer bottle, res-
onates better than one with a large
mouth, such as a jelly glass.

Was the selection for small mouths
among our remote ancestors favored be-
cause it promoted vocal-auditory com-
munication, or did it come about for oth-
er reasons and merely set the stage for
the development of language? Lenne-
berg does not discuss this, but the tenor
of his writing shows that he would insist,
as I do, that questions in this simple
either-or form are misleading. What
happens in evolution is always the re-
sult of the most complicated interweav-
ing of many factors, no one of which can
be singled out as “the” cause. The re-
duction of mouth size must be related
to the slow switch to upright posture,
the transfer of grasping and manipulat-
ing from mouth to hands, the enlarge-
ment of the skull and advancement of
the forehead, the recession of the jaw
and reduction in size of the teeth, the
changing mechanics of supporting the
head implied by all of these, and chang-
es of diet, perhaps even the invention of
cooking. At present we have only vague
notions of the relative timetable of all
these developments.

The second finding is that there is no
convincing evidence for any extreme lo-
calization of brain function, either for
language in its various aspects or for any
other facet of behavior. Behaviorally
equivalent activities may be governed
by different parts of different human
brains. There is equally no reason to be-
lieve the cerebral cortex begins as a ho-
mogeneous mass any part of which can
equally well come to be involved in any
function. Rather there seem to be ge-
netically monitored structural reasons
(little understood as yet) why certain
functions are most likely to be devel-
oped in certain portions of the brain, yet
enough flexibility that if something such
as a brain injury interferes, other regions
are able to take over. This flexibility de-
creases with age. As far as language is
concerned, the evidence from efforts to
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retrain aphasics suggests that by the age
of 14 or 15 it is gone.

Lenneberg warns us, however, that
the ways in which we classify and cate-
gorize behavior as viewed from the out-
side may be entirely different from the
ways in which it is broken up into bits
and pieces for internal storage. It is ob-
viously meaningful to speak of the vo-
cabulary of a language, as against its
phonology and its grammar. But this
does not imply that a speaker’s brain
tucks away the words he learns in some
particular bank of adjacent cells or syn-
apses, nor even that each individual vo-
cabulary item must be stored as a unit
in a cell or synapse somewhere. Of
course, unless we are going to abandon
altogether the notion that the brain
plays a role in behavior (perhaps restor-
ing the classical Greek proposal that its
function is to cool the blood), then all
the information for behavior must be
stored somehow, somewhere. It is sim-
ply that behavioral units may not be
storage units.

One suggestion of importance emerg-
es. If anything recognizable in behav-
ioral terms is in fact localized within the
cerebral cortex, it is most likely to be the
triggers for setting off whole complex
behavioral routines: scratching, starting
to walk, suckling, a cat’s twisting of its
body into upright position as it falls. The
details of such a routine are then pro-
vided for elsewhere, probably in a dif-
fuse way. Certain aspects of language
behavior may constitute such routines.

The third conclusion is related to the
foregoing. It is a proposal for which
Lenneberg marshals a good deal of evi-
dence: that lateral dominance, appar-
ently a human universal, is also exclu-
sively human. In other animals the
functions of one cerebral hemisphere
(whatever they may be) are virtually du-
plicated by the other. In humans certain
things are assigned to one hemisphere
alone, leaving the other free for other
functions and thus increasing the total
effective cerebral capacity without the
need for additional biologically expen-
sive tissue. For example, Broca’s area,
whatever its exact significance, exists (or
functions) only on one side. In this con-
nection it might be better to speak not
of lateral dominance but of hemispheric
asymmetry.

To Lenneberg’s evidence one can add
the tentative results of some experiments
performed recently at the Haskins Lab-
oratories but not yet published, which
suggest that the two ears of a normal
adult do not transmit the same informa-
tion. One ear is better for music, the
other for other kinds of sounds; one ear
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may be the chief channel for the recog-
nition of vowel color in the speech sig-
nal, the other for the noise bursts that
help to identify consonants. Of course,
these differences—if they are genuine—
do not reside in the ears as end organs
but in the peripheral parts of the brain
to which the ears feed their data.

If all of this is really true, one is
tempted to speculate as follows. The
use of tools may be much older than lan-
guage. The effective manipulation of
tools demands different patterns of mo-
tion by the two sides of the body. This
may have selected for brains with hem-
ispheric asymmetry, which were then
available for exploitation by the various
developments that in time gave rise to
language.

The fourth and last of Lenneberg’s
findings I shall mention has to do with
the timetable of language acquisition by
the normal child. In reviewing this time-
table Lenneberg makes only the mistake
made by almost all nonlinguists in the
same connection: he speaks of the child’s
utterances as consisting of “words” at a
stage considerably earlier than that at
which the use of this technical term can
be justified, and therefore wrongly iden-
tifies some of the important transitions
from one stage to the next. Luckily this
error does not bear seriously on his con-
clusions, which are these:

The development of language does
not begin in the human infant until the
age of 18 to 24 months, but then it is al-
most impossible to prevent. No formal
teaching is required. Peripheral impair-
ments—for example deafness—force a re-
sort to substitute channels, just as a con-
genital brain defect or early brain injury
may require the involvement of other
than the most usual regions of the cortex,
but within very wide limits such diffi-
culties are overcome. Eventually the
child comes to speak whatever language
is in use by surrounding adults. At the
earliest childhood stages the language-
like behavior of children in different
speech communities is remarkably uni-
form. This suggests that all human lan-
guages are, and for a long time have
been, erected on a single ground plan,
a view amply supported by the results
of linguistic research over the past two
centuries. It suggests also that this basic
plan is genetic and species-specific. Lan-
guage acquisition does not begin earlier
because the genetically monitored mat-
uration of the nervous system (and per-
haps of other parts of the body) has not
yet reached the right stage. That it be-
gins when and how it does, however, is
not merely allowed but forced by mat-
uration. It is as inevitable as menarche
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or the appearance of axillary hair, and
genetically more stable than either. If
the environment is so unusual as to keep
the child alive until early puberty and
yet frustrate his acquisition of language,
it is then too late, again for maturational
reasons. The adult’s learning of a second
language, however successful, is in proc-
ess very different frem the child’s acqui-
sition of his first, and the kinds of defec-
tive language behavior manifested by
aphasics do not in any way resemble
early stages in the development of lan-
guage in the child.

One must allow for the fact that the
particular elaboration on the ground
plan for a given child depends on the
language used by those around him. For
this Lenneberg does not want to use the
familiar term “learning,” perhaps be-
cause the multitude of conflicting tech-
nical senses given that term by our two
and seventy jarring sects of psycholo-
gists have spoiled it. Instead he pro-
poses that the child’s language behavior
comes to “resonate” with that of his men-
tors. This is harmless, provided that we
remember it is merely a new label, not
an explanation.

These conclusions strike me as well
reasoned and in some respects a genuine
improvement over our earlier views, al-
though in no sense revolutionary. But in
order to dig this positive content out of
Lenneberg’s discussion I have had to ap-
ply more exegesis than should be re-
quired. Anyone doing multidisciplinary
research is under the obligation to in-
corporate only the best and most care-
fully tested results of each discipline. In-
sofar as I can judge, Lenneberg does this
for all the technical fields involved ex-
cept the most important one: linguistics.
This is an old, tiresome story. Time and
again researchers without linguistic
training have carefully drawn their
chemistry from chemists, their physiolo-
gy from physiologists, and so on, but
have assumed that since language is the
common possession of all human beings
anyone can be his own expert. In this
vein Lenneberg does a number of fool-
ish things. Two examples will suffice:
his hanrdling of articulatory phonetics
and of phonetic notation is amateurish,
and he expresses at one point the pe-
culiar opinion that proper names are
not part of vocabulary. The results in
cases such as these are merely laughable.
What is truly tragic is that, when he sets
aside the notion that anyone can invent
linguistics for himself and seeks expert
guidance, he turns not to our calm and
quietly growing tradition of scientific
linguistics (Bloomfield’s name does not
appear in the book!) but to the specu-



THIS SHOULD BE
YOUR NEXT PIECE
OF FURNITURE.

This is our new dictionary.

Perhaps you’re wondering why we
refer to it as a piece of furniture,

It’s very simple.

It is furniture because it’s just as
important to a family as the coffee
table it rests on. It has presence. Itis
a handsome object as well as being
a book.

It is not something you put away.
Like furniture, it will be in continual
use.

The most contemporary dictionary.
Besides being the most contempo-

it also looks most proper in
a period setting. And it can
tell you something about
settings: Traditional, Pro-
vincial, Contemporary and
Modern. Styles from Early
Roman to American now.
You can use it as a step to
reach something out of
reach (it's over two thou-
sand pages deep notcount-
ing the binding). And as for
the outer reaches it tells
you, amongst other things
germane, that Gemini is
not only a sign of the Zo-
diac but also a two-man
spacecraft. This fact, and %
many others relating to the *
space age probably won't
be found in the dictionary
you own at present.

On a piano bench it will
help raise the youngest

pianist to a more professional level;
particularly since he'll find in its
pages information about practically
every composer, pre Bach to post
Bernstein; about every musical in-
strument. He’'ll learn music termi-
nology and symbols.

Use it as a book-end.

Our new dictionary can be used as a
book-end. And it is the only book-
end that is a complete reference li-
brary, a pronunciation guide and a
basic manual of style. You might
consider buying two Random House
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Dictionaries of the English Language,
thus making a pair of book-ends.
Our Dictionary is very efficient at
pressing flowers. As well as naming
them all, and showing them all, and
helping you spell them correctly.
It's also a wonderful companion
when you're dreaming about foreign
places: inside there’s a full color
World Atlas and Gazetteer.

It can even help you brush up your
French or Spanish or Italian or Ger-
man (for when your dreams become
reality) because those dictionaries
are in it, too.

On your coffee table.

And it's less likely you’ll
get caught cheating at the
Times’ Crossword Puzzle
becausetheRandomHouse
Dictionary is so very quick
andeasytouse,sosimplyin-
dexed.Sokeepitclose: per-
haps on your coffee table.
It lends, too, a very definite
airof importance toa game
of Scrabble. Or any word
game. There are 260 thou-
sand entries and something
like 4 thousand of them
weren’t even coined a
handful of years ago. This
interesting feature may also
help you understand the
language your children are
currently speaking.

The Random House
Dictionary of the English
Language. $25.00
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lations of the neomedieval philosopher
Noam Chomsky.

Chomsky thinks of a language as an
ideal rational schema hidden deep in-
side a human being and reflected only
with great distortion in actual speech.
Furthermore, this hidden schema is a
system in the same sense as any well-
defined algorithmic system of mathe-
matics or mathematical logic. He is thus
led to ignore empirical evidence, which
is necessarily the observation of actual
speech and of responses to it, and to re-
ject, one by one, the various simple in-
ferences that have been made from the
empirical evidence by generations of
linguists. The result is something like
what would happen if a chemist should
suddenly conclude that the electronic
theory of valence cannot possibly be
valid and that some totally different
theory must be developed to explain
how matter behaves. This is all we need
say about Chomsky here. I have recently
devoted a monograph to the dissection
of his weird notions, and anyone really
interested can read it. It seems more con-
structive to devote the final paragraphs
of this review to a capsule summary of
the design of human language as under-
stood so far by science. What I shall say
is at bottom what Bloomfield said. Some
of the words (for instance “association”
and “habit”) have been claimed by vari-
ous psychologists in various special
senses, but I claim them back as part of
everyday vocabulary—there is no psy-
chological theory in this summary.

Any speaker of any human language,
at any given time, speaks and under-
stands in terms of a set of habits of ar-
ticulation and hearing that constitute
the phonology of his language. In speak-
ing he aims his articulatory motions at
a series of articulatory targets, although
usually the aim is careless. In hearing
the speech of others he identifies what
is linguistically relevant in the incoming
speech signal, when he needs to, in terms
of the articulatory targets at which he
himself would aim in order to match the
signal. (The occasional individual who
has been mute from birth but who un-
derstands the speech of others obviously
cannot do this; we do not know how he
manages.) The actual sound of speech
in any language shows the widest and
wildest variation, but the targets are
discrete and finite in number. Func-
tionally there is no such thing in any
language as an “indefinitely small differ-
ence of sound.” The number and loca-
tion of the targets for any one language
are specific to the language, as are the
sequences in which they are aimed at
and the relative timings of the aims.
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This is consonant with the fact that as
time passes the phonology of any lan-
guage changes, in ways and by mecha-
nisms that are well understood.

Certain arrangements of targets are
associated, sometimes precisely and
sometimes very vaguely, with certain
things or situations, or kinds of things
or situations, in the experience of the
speaker. Any such recurrent arrange-
ment of targets is a linguistic form, and
that with which it is associated is the
meaning of the form.

People imitate each other, so that a
form may spread from one speaker, or
from one dialect, or even from one lan-
guage, to another. When language hab-
its are changed or enlarged in this way,
the traditional term for the mechanism
is “borrowing.” Of course, this term is
no more explanatory than “imitation” or
Lenneberg’s “resonance” is, but we are
here merely stating facts, not accounting
for them. The mechanism plays a con-
stant role in the development of any one
speaker’s language habits, from their
earliest appearance to his death.

Any speaker constantly faces situa-
tions, real or imagined, at least a little
different from any he has encountered
before. If he responds with speech (even
silently, to himself), he may use a form
already in his repertory, or he may coin
a new linguistic form on the analogy of
those he already knows. He may even
follow two or more analogies at once.
This creation of new forms goes on all
the time: most of our utterances are new.
It cannot in any way be distinguished
from the mere use of language, although
some coinages, it is true, are more strik-
ingly novel than others. The longer and
more complex a coinage, the more likely
it is to be used just once and then for-
gotten. Nonetheless, a speaker may re-
member a new coinage—even a long one,
say a poem—and utter it again, and oth-
ers may borrow it, whereupon it may
survive indefinitely. Contrariwise, any
form may fall into disuse, forgotten by
those who once knew it and never
learned by others, and thus disappear.

The stock of forms a speaker controls
at any one moment is his vocabulary (or
lexicon). The order of magnitude of the
vocabulary of any adult speaker of any
language is in the tens of thousands;
a more precise measurement is difficult
because of constant change. The analo-
gies by which new forms are coined are
grammar. This too is constantly chang-
ing. In part these changes are kaleido-
scopic, but for the most part they are
sufficiently slow that the members of a
speech community can usually under-
stand one another, given a little trial and
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error, and that an investigator can pre-
pare a description of a language that is
not seriously out of date by the time it
is published.

This is just about all we can say that
is true of all human languages. There
may be some universal features of a
more specific nature. For example, it
may be that all languages have some-
thing like the Latin or English contrast
between noun and verb. Such a feature,
however, could be universal without
necessarily being part of the genetically
controlled, species-specific ground plan.
After all, if all the languages of the
world except one were to die out, there-
after anything true of that one language
would be a language “universal,” but
that would not change our genes.

Most of the foregoing is straightfor-
ward, but some people have trouble with
analogy. There is nothing mysterious
about it, and it is manifested in all phases
of human behavior, not just in language.
An exchange student from India went
to lunch with an American friend and
ordered tea. When the fixings arrived,
he carefully tore open the bag and
poured the tea leaves into his cup. The
American explained that the whole bag
could be immersed and that the water
would filter through. Grateful for the
counsel, the Indian took a paper packet
of sugar and dropped it into the cup.

An analogical act may thus be a mis-
take. In one sense all analogical innova-
tions could be characterized as errors
of computation—breakdowns in what
would otherwise be mechanically algo-
rithmic, as so much of the communica-
tive behavior of other animals seems to
be. Some analogical coinages in speech,
like most mutations in genetics, are fail-
ures; those that are successful differ
from the failures not at all in what brings
them about, only in their consequences.

Lenneberg’s search for the biological
foundations of language would have
been easier, and his results a great deal
more straightforward, if he had under-
stood the foregoing rather simple facts
about language itself. The reader who
does not understand them can be badly
misled by the book. It would be ungra-
cious, however, to end on this note. My
principal attitude is one of sincere ap-
preciation to Lenneberg for the hard
work he has done and for what he has
taught us.

Short Reviews

\V[ orLD CLIMATE rFrOM 8000 TOo 0

B.C,, edited by J. S. Sawyer. Royal
Meteorological Society ($8.80). In the
spring of 1966 a symposium was held



Some day, all convertibles will have a roll bar.

At last. The basic problem of open car
safety has been solved. With a roll bar
fully integrated into the car’s total design.
The world’s first production-series con-
vertible to have it is now here.

That's the new Porsche Targa, the
competition-bred car named for the Targa
Florio (the punishing Sicilian mountain
road race that’s become one of Porsche’s
most successful proving grounds).

Like most Porsche innovations, the
Targa’s distinctive roll bar is a racing idea.
That's why it’s as logical and functional as

The new Targa by Porsche.

a safety pin. It makes the Targa secure as
a coupe, with race-track protection for
everyday driving. The stainless-steel-cov-
ered roll bar also separates top and back,
so they can be used independently as well
as together:

Top and windows down: Fully open
to sky and breeze.

Windows up: Airflow stays out. A
woman’s hairdo is safe at any speed.

Top up and rear window down: Cool
enjoyment of open-air, daytime driving.

Top and windows up: Closed-car com-
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fort, shielded against rain, snow or cold.

Porsche offers the Targa in three ver-
sions, the 912, 911 and 911L, with the
same air-cooled, rear-mounted engines
and equipment developed for Porsche’s
coupes. Common to all Targas are
Porsche’s famous four-wheel disc brakes,
full-synchromesh transmission, and the
trouble-free performance inherent inevery
Porsche.

Coupe prices start about $4950, East Coast POE. Targa
convertibles, $400 more. For information,

overseas delivery: Porsche of America Corporation,
107 Tryon Avenue West, Teaneck, N.J. 07666.




New beryllium-aluminum alloys cut weight 50%
over magnesium e Superplasticity is opening new
avenues of high-strength metal fabrication e An
advanced helicopter rotor hub gains performance
from composite constructione A way to toughen ce-
ramics may lead to structural applications e Graph-
ite fibers can add greatly to strength of metals.

Knowledge being gained from Lockheed's search for ways
to increase payloads—of air, space and even undersea
vehicles —promises to produce “educated’ new materials
with higher strength- or stiffness-to-weight ratios.

Here are a few of the materials programs presently
under way at Lockheed.
New lightweight beryllium-aluminum alloys.
Solving a long-elusive problem, Lockheed scientists re-
cently have succeeded in developing a practical beryllium-
aluminum alloy suitable for aerospace applications. By
carefully controlling microstructure, fine dispersions ¢
aluminum in beryllium have been achieved, providin
series of workable, serviceable alloys. These posses§’
treme lightness without the brittleness characterigfy
unalloyed beryllium, One, a 62%Be-38% Al mj {
called Lockalloy, is now being produced commer
It provides a 507 weight saving over comn
magnesium alloys, while having three times
and four times the ductility of carlier devel
aluminum alloys. '
Superplasticity. Generally, increases in
metals are obtained at the expense of
fabrication into complex shapes much

To solve this problem, Lockheed is re ng
usual method of deformation called superplaiﬂ{ﬁﬁ
basic and applied studies are being conducted inv

aluminum and titanium alloys. With one alloy, using the

proper applications of thermal-mechanical treatment,
elongations of 14007, have been achieved.

Defined as “‘an enhanced ductility associited with
microstructural change during application of stress,”
superplasticity, as far as the actual mechanism of de-
formation is concerned, is not vet fully understood. It
appears to be associated with o fine, interlocked 2-phase
microstructure where there is pronounced curvature of
the interphase boundaries. Surprisingly, even when cer-
tain alloys are ¢longated enormously. there is no evidence

Teaching materials
to carry
bigger payloads.

LOCKHEED

LOCKHEED AIRCRAFT CORPORATION
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of directionality in the
microstructure. Transmis-
sion electron microscopy
reveals it to be remarkably
free of dislocations. None
of the usual dislocation
networks or tangles in plas-
tically deformed metals can
be detected. These results
suggest that diffusional
processes operate during
superplastic deformation.

This schematic representation
shows the types of phase changes

POSSibly, the kev to the associated with superplastic effects.

mechanism involved lies in a unique process of viciney
formation and migration inside the metal during stress.

Current investigations include commercial titanium
alloys. Some, for example, Ti-8Al-1Mo-IV, can be elon-
gated 4007, at very low loads when kept within narrow
temperature ranges.

Methods of deformation such as superplasticity may
see extensive use in the next generation of aircraft.
Composites for Rigid Rotor helicopter hub. The
recently developed Lockheed Rigid Rotor helicopter, be-
cause of its -unique design, iulso presents some unique
materials requirements. For example, the rotor hub. The
hub arms must be flexible enough to provide proper
dynamic characteristics, yet flexibility must be confined
within narrow limits to avoid degrading the Rigid Rotor’s
outstanding stability ind control qualities.

Today, titanium meets these exacting design condi-
tions. But within a few years, composite materials now
under development by Lockheed may offer signal advan-
tages over metals in fulfilling the needs of new generations
of rotary-wing vehicles. This is because a composite con-
struction made with large-filament glass or metal fibers
in a nonmetallic matrix permits superior control of flex-
ibility due to a directionality of stiffness. A rotor hub
made of such composites also meets fatigue life specifica-
tions while affording a high level of damage tolerance.
A material of this type resists small nicks or scratches
and is almost completely corrosion-resistant, providing
long, safe, trouble-free service life. In addition, it is
substantially lighter than a metal hub material and would
further increase the helicopter’s performance.

Ceramic composites. Ceramics have been tempting as
materials to meet high strength-to-weight, temperature-
resistance and corrosion-resistance requirements. But the
inherent brittleness of ceramics has led to their rejection
in previous investigations. New research at Lockheed,
however, promises a solution. Using an unusual process
involving special techniques and equipment, composite
ceramics are being grown from the melt. The resulting
laboratory product is a conventional ceramic matrix in
which ultra-high-strength single-crystal fibers of either
metal or ceramic material are imbedded. Presence of
these fibers considerably toughens ceramics—to where
they may find application as vehicle fabrication materials.
Graphite fibers in metal matrices. Graphite fibers
recently have been developed with tensile strengths over
250,000 psi and moduli over 60 x 108 psi. Lockheed
currently is investigating the compatibility of these high-
modulus carbon fibers with metal matrices. Studies in-
volve the temperatures and times required for composite
preparation as well as potential fabrication applications.
Compatibility is being tested by determining the wetting
behavior of liquid-state metal matrix materials on the
graphite substrate. Also, kinetic parameters are being
established corresponding to possible interface reactions
between fiber and matrix.

Because of their low density, graphite fibers are ex-
pected to play a significant role in developing lightweight,
high-strength composites for many aerospace applications.

R ———
e —————

S G —

e

| longitudinal section of sapphire fibers in an aluminum titanate
matrix. This section was produced by electron beam zone melting.

The activities described here are only a few of Lockheed’s
current R&D projects in materials. If you are an engineer
or scientist interested in this field of work, either in
California or Georgia, Lockheed invites your inquiry.
Write: K. R. Kiddoo, Lockheed Aircraft Corporation,
Burbank, California. An equal opportunity employer.
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THE PLANT IN PERSPECTIVE

The Fort Worth Division of General Dynamics
plant, located in the northwest quadrant of the
Greater Fort Worth area, is one of the largest and
best equipped facilities in the country. The 600
acre site contains well over 100 buildings. More
than 100 acres of floor area are enclosed; 75 acres
are under the roof of the main building. Of primary
interest in the Fort Worth Division’s current $37
million facility expansion program is the new $8
million Engineering and Office Building, encompass-
ing 581,400 square feet and covering 12 acres.

Numerous laboratories are provided for perform-
ing tests and experiments in a wide range of
disciplines. In addition to the well equipped Engi-
neering Test Laboratories, there are several other
major laboratories:

Advanced Mechanics Lab
Analog Computer Lab
Antenna Range
Biological Lab

Cryogenic Lab

Design Aids Lab

Digital Computer Lab with an IBM 360 System
(Model 65/40 ASP) assigned to Engineering

Extensive Electronics Labs
Infrared Visual Ultraviolet Lab
Instrumentation Lab

Nuclear Science Labs

Radar Scattering Range

Production facilities are continually being up-
dated in order to capitalize on new techniques,
materials, manufacturing processes, and services.
The emphasis on staying abreast of the state of the
art provides an ever increasing capability for the
manufacture of high performance aerospace vehicles.

Situated in an area where employees have a
choice of urban, suburban, rural, or lakeside living,
the air conditioned plant can be rapidly reached
from all parts of Fort Worth.

Find room for thought and career potential . . .
and room for better living in smog-free Fort Worth,
where the cost of living is low, and where metropoli-
tan advantages exist alongside year-around outdoor
recreational areas in a temperate climate.

Call Collect — 817-732-4811, Extension 3551;
or send a resume of your education and experience
to Mr. J. B. Ellis, Industrial Relations Administrator-
Engineering, General Dynamics, Fort Worth Division,
P. O. Box 748C, Fort Worth, Texas 76101. An equal
opportunity employer. U. S. Citizenship required.

GENERAL DYNAMICS
Fort Worth Division
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in London at which 15 specialists from
four continents spoke to the topic.
The dates chosen were not arbitrary;
they were set to include in detail the
time of the postglacial maximum in
world temperature, and to exclude the
epoch when documentation becomes the
main source of climatic evidence. It is
now more than a century since Louis
Agassiz first read the record written in
erratic boulders and U-shaped valleys
to establish the work of the ice ages; the
date of the last glacial maximum is well
established. Now comes the richness of
fine analysis; these men seek a detailed
global pattern of climatic change over
the span of time when civilization was
born. Their master clock is the radioac-
tive decay of carbon 14, and the trou-
bles of that clock—its calibration, its con-
fusion by nuclear bombs and the waste
gases of industry, its dependence on in-
telligent sampling—are not overlooked.
The radiocarbon content of the atmo-
sphere is not constant but fluctuates by
a few percent for a variety of reasons,
among which solar activity and ocean
temperature can be taken as examples.

The radiocarbon clock is compared
with sequoia and pine rings and with
the best dates of Egyptian history. It is
found to be losing time steadily, by as
much as 1,000 years in 6,000 or 8,000.
The analysis of pollen, dating back to
World War I, is highly refined, the cata-
loguing of pine, elm and oak pollen from
layers deep in peat bogs showing clearly
the shifting flora of the land as the
weather changes. The pollen deposits of
Chile and Puget Sound yield evidence
that both hemispheres have shown par-
allel changes during postglacial times.
In the few centuries of direct records
this result continues; for instance, gla-
ciers in Patagonia, in the State of Wash-
ington and in the Alps all grew in a.p.
1810-1820.

Glaciers reveal their own economy by
the burial of logs and the shearing off
of stumps at their edges and walls as
the ice sheet grows or shrinks; radiocar-
bon can then date these local ice ages.
In the quiet of the deep sea the diatoms
fall like snow, and species by species
their layers give evidence of tempera-
ture change, and even of actual temper-
atures (in their isotope ratios). Here too
there are troubles. The silence of the sea
bottom is a metaphor. Currents and
slumps stir the sea ooze from time to
time, and require careful control by mi-
croscopic search for debris, which may
include material rafted from the polar
regions by floating ice. The careful study
of ancient shorelines can reveal the melt-
water from the continental ice sheet, but

the level of the land is not constant, so
that unraveling the effect of sea rise
from uplift or downwarping caused by
mountain-building and by readjustment
under the shifting load of ice is not un-
ambiguous. Caves from the deep layers
of the antarctic ice cap are now thought
to record the mean temperature in an-
nual layers.

Tentatively, but with increasing cer-
tainty, the history of climate is becom-
ing clear. The high summer temperature
of central England in 8500 B.c. was sev-
en or eight degrees below today’s cool
60 degrees Fahrenheit; it rose to a pla-
teau of some 65 degrees between 5000
and 3000 B.c.; it fell in a step or two to
the present value. \While England was
warm the central Sahara was a pastoral
savanna. The evidence is there in Neo-
lithic rock paintings of giraffe and rhi-
noceros, with lake shells, bones, dung
and pollen to corroborate it, all rather
vaguely dated by radiocarbon. A small-
er temperature wave affects us now; the
two centuries around A.p. 1200 were
warm ones by a couple of degrees, just
as the 20th century has been. Why? No
one is yet sure. Small variations in the
earth’s orbit and inclination, and hence
in the sunshine input, appear to show a
plausible, although long delayed, cor-
relation with the data. Variations in the
sun itself also seem implicated. There is
no doubt that the matter is complex.
The atmospheric pattern has a many-
lobed shape as we look down on weath-
er maps around the pole; those chang-
ing lobes make the weather, if not the
whole climate. Not the great north-
south differences, which seem quite
stable, but the circumpolar lobes and
their anomalies are the vehicle of cli-
mate change. Perhaps the ocean temper-
ature, affected by meltwater, solar-input
changes and shifts in currents, will turn
out to be the significant cause, at least
for the Atlantic lands. So the book ends,
with model weather maps of 8000 B.c.
The last word has not been written.

COSMIC Rays II, edited by K. Sitte.

Volume XLVI/2 of Encyclopedia
of Physics. Springer-Verlag ($44.50).
Sixty-odd substantial volumes, mostly in
English but with a strong admixture of
German, this specialized Handbuch has
grown across the shelves of every phys-
ics research library over the past decade.
Here is one of its latest volumes, a good
specimen of the genus. It is not at all an
alphabetized list of brief articles cover-
ing the field; in this respect the English
rendering is misleading. Yet calling it a
handbook—the English cognate to its
German name—is no better, because the
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work is not a compact collection of data
and skeletal articles. No, it is nothing
less than a Handbuch, echoing its great
predecessor of pre-Hitler years, some of
whose volumes are still useful 40 years
after they were written.

A Handbuch is a collection of mono-
graphic articles, each more or less self-
contained, each summarizing at research
depth a special field of physics, grouped
with related pieces to form a volume.
The entire set spans all physics. The
volume reviewed here (its partner
XLVI/1 came out in 1961) holds eight
papers in its nearly 700 pages. They
are all of high quality, written by men
whose names carry real weight in the
fields of their interest. Here you can
learn about the energy and charge spec-
trum of the cosmic rays, some from far
outside our galaxy. You can study the
elaborate transport theory of the cosmic
ray cascade, which is able to follow the
passage of a ray through the atmospheric
shield equivalent to 10 yards of water,
statistically counting its millions of pro-
liferating secondary particles. You can
read about the numerous time variations
atlow energy that bespeak the magnetic
weather of the solar system, about the
production of carbon 14 by cosmic rays
and the effect on it of the earth’s field
and the solar cycle, about the remark-
able mesonic explosions, when nucleons
collide at effective energies tens or hun-
dreds of times greater than those avail-
able in our largest accelerators, even
those of the future using storage rings
and clashing beams. You can read about
the study of the isotopes manufactured
in meteorites and the atmosphere, in
the ocean and the rocks by the incessant
bombardment of cosmic rays over the
span of geologic time.

None of these papers, except perhaps
the brief one on meteorite studies, is
accessible without considerable back-
ground in physics; they are authorita-
tive and up-to-date reviews, generally
quite clear in the pedagogic sense, but
all draw on the full mathematical and
conceptual arsenal of research. The
Handbuch is a place of comfort for the
new research worker, the graduate stu-
dent and the lecturer but not for the
casual or general reader.

A review is given of the flux of high-
energy neutrinos and gamma rays (not
the charged particles of ordinary cosmic
rays) that one expects and searches for
in the cosmos. This is a subject of very
recent growth; the year-and-a-half de-
lay between writing and publishing
makes a bigger difference here than in
any of the other papers. The review (by
Robert Gould and Geoffrey Burbidge of
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What makes
us tick?

INDIVIDUALITY IN PAIN
AND SUFFERING
Asenath Petrie

This book identifies three kinds of
personality—the reducer, the aug-
menter, and the moderate. The re-
ducer tends to reduce what is
perceived, the augmenter to in-
crease, and the moderate to do
neither. The tendency to reduce or
augment explains not only why
people react so differently to pain,
but helps to explain a wide range
of human behavior—such as why
some people become alcoholics, or
smokers, and why juvenile delin-
quents act the way they do. “The
fundamental . . . potentialities of
this whole approach are enor-
mous.”—Lawrence S. Kubie, M.D.
The author is research associate,
Department of Surgery, Harvard
Medical School. $5.00

INTEGRATIVE ACTIVITY
OF THE BRAIN

An Interdisciplinary Approach
Jerzy Konorski, M.D.

This book presents the architec-
ture of the brain activitv of higher
animals on the basis of all avail-
able evidence. Part one deals with
experimental data from animal be-
havior and is concerned with the
organization of basic activities
and acquired activities. Parttwois
founded on psychological and neu-
ropathological data collected on
humans and deals with physio-
logical mechanisms of perception
and association. The author is
Professor of Neurophysiology,
Nencki Institute of Experimental
Biology, Warsaw, Poland.
Illustrated $15.00

INVERTEBRATE NERVOUS
SYSTEMS

Their Significance for Mammalian
Neurophysiology

Edited by C. A. G. Wiersma

This book is about how the sim-
plest animal reflexes that could be
called nervous arose and how, out
of these primitive activities, that
enormously complex body of re-
sponses that we look on as evidence
of mentality in higher creatures
like ourselves originated. The edi-
tor is Professor of Biology at the
California Institute of Technology.

INustrated $15.00

Dept. SA
5750 Ellis Avenue, Chicago, Ill. 60637

Please send me

copies of INDIVIDUALITY IN
PAIN AND SUFFERING @ $5.00

—_ copies of INTEGRATIVE ACTIV-
ITY OF THE BRAIN @ $15.00

— copies of INVERTEBRATE NER-
VOUS SYSTEMS @ $15.00

NAME

ADDRESS

CITY STATE
Enclosed is check or money order.

ZIP.
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the University of California at San Die-
go) is nonetheless valuable for its con-
ceptual and theoretical content.

The heroic years of the founders, men
such as Wolfgang Pauli and Arnold
Sommerfeld, are behind us; this volume
on a kind of applied physics will not re-
tain its freshness for a generation. The
set is nevertheless an indispensable tool,
a true monument and a demonstration
of the vigor and quality of research
and of technical publishing today. It is
worth noting that the authors presented
here work in Tokyo, Nagoya, London,
Frankfurt, Bombay, Copenhagen, Cali-
fornia and Minnesota. Physics remains
genuinely international.

SOURCES FOR HisTORY OF QUANTUM
Puysics: AN INVENTORY AND RE-
poRT, by Thomas S. Kuhn, John L.

| Heilbron, Paul L. Forman and Lini Al-

len. The American Philosophical Society
($5). SourcEs oF QUANTUM MECHANICS,
edited with a historical introduction by
B. L. van der Waerden. North-Holland
Publishing Company ($14). In Copen-
hagen and Gottingen, in Paris, Zurich,
Leiden and Cambridge, the years be-
tween the end of World War I and the

| early 1930’s saw the birth and trans-

figuration of the most powerful and per-
haps the most novel fundamental the-
ory physics has ever had: quantum
mechanics. Still intact, still extending its
sway to other phenomena, this theory
was made by men of whom the majority
are living today. “Many a young scien-
tist,” writes John Wheeler in a preface
to the first book above, “lacks con-
viction about important points...be-
cause he does not know the debates
that settled these issues firmly for the
fathers of quantum theory.” These two
books, neither of them a proper history,
represent contemporary concern for the
historian of ideas, in physics or outside
it. The first book is a detailed account
of the fruit of a project that has accu-
mulated tape recordings of knowing in-
terviews with a hundred physicists, from
Edoardo Amaldi to Hideki Yukawa,
who played a role in the rise of quan-
tum physics. On the evidence given, the
questions that were asked and answered,
built on preparation and study by his-
torians of science, must make splendid
listening. The tapes are not here, nor the
manuscripts, nor the microfilms; what we
have is a list of all the materials by each
man now available. Niels Bohr was last
interviewed the day before his death.
His entry runs to eight pages of the dates
and titles of the letters and manuscripts
available somewhere for study! The Min-
ute Books of the V2V Club and of the
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Kapitza Club of Cambridge are also in-
ventoried here, with Munich and Copen-
hagen records and much else. This is the
place for any would-be historian of the
subject to start; he must be a brave man
who would confront this treasury and
attic heap.

Professor van der Waerden, historian
and witness, gives us more meat and less
promise. He reprints (all done into En-
glish as needed) 15 key papers, from
Einstein’s in 1917 on induced and spon-
taneous photon emission to the papers of
January, 1926, in which Wolfgang Pauli
and P. A. M. Dirac independently car-
ry out the new matrix program of the
Gottingen experts as applied to the hy-
drogen spectrum, even in external fields.
(“Pauli’s paper convinced most physicists
that Quantum Mechanics is correct.”) In
a brief but original and knowing intro-
duction, studded with letters from Wer-
ner Heisenberg written to Professor van
der Waerden in reply to explicit ques-
tions, and with much other published
and unpublished testimony, a first ef-
fort at a history is presented. The more
personal tales are not neglected. Pauli, as
usual, spoke caustically to the experts at
Gottingen, who wanted “to spoil Heisen-
berg’s physical ideas by your futile math-
ematics.” Heisenberg had his 1925 idea
for the matrix mechanics while on vaca-
tion, spent on the grassless isle of Helgo-
land in order to escape the pollen of
Gottingen in June. “It was very late at
night. I calculated it out painfully,” he
writes, “and it agreed. Then I climbed
onto a rock and saw the sunrise and I
was happy.”

IFE IN THE HisTORY OF WEST AFRICAN

ScuLpTURE, by Frank Willett. Mec-
Graw-Hill Book Company ($9.95). When
Picasso was a student in Paris, abstract
African figures in wood opened the eyes
of artists to a new vision. One came to
expect the image out of black Africa to
carry the grotesque intensity of those
first surprises. In 1938, however, work-
ers digging the foundation for a house
in the western Nigerian city of Ife un-
earthed a group of life-size bronze heads
of classical beauty and individuality, rep-
resenting men and women recognizably
African, cast by a masterly lost-wax tech-
nique that is clear evidence of a long
history.

These were not even the first wonders
out of Ife. The ethnologist Leo Frobeni-
us had brought home from an illicit visit
in 1910 a set of terra-cotta heads that he
quite egregiously contended were the
product of a Greek colony lost for a mil-
lennium! Nobody much listened, and not
many looked at his finds. Now, however,



the pits and shrines in the dark temple
groves of Ife have yielded an entire
corpus of art in clay and metal. This
fresh and exciting book, by a man who
has dug at Ife and who spent five years
there as curator of its rich museum, il-
luminates the mystery. The painstaking
stratigraphy of the Middle East works
poorly in West Africa: the soil of house
floors is always stirred up in the making
of new ones. Carbon-14 dating is similar-
ly confused, although some charcoal can
be dated. Written records go back only a
few centuries. Still, by careful study of
the artifacts themselves, by serious and
skeptical comparison of oral traditions,
by a cautious and sensible typology of
styles and techniques and above all by
an imaginative evolutionary reconstruc-
tion of the rise of contemporary usage
and ritual—the history of the art of Ife
becomes clear.

These are funerary portraits, made in
a time of courtly wealth for a funeral
rite in which effigies of the dead ruler
were paraded formally to establish the
succession. The Benin bronzes, plainly
related but newer and much more for-
mal, provide a kind of dating; they were
seen by Portuguese travelers in the 15th
century. The work of Ife thus covered
a century or two around the 14th century |
and itself carried on the tradition of
sculpture found in the tin fields of Nok
to the north (where some of the stylized
terra-cotta portraits look like the Yorubas
of today), dated by carbon 14 as being
about 2,000 years old.

Thoughtless people have asked how
Africans living in grass-roofed huts
could make such magnificent art in
bronze. (The metal used was often, in
fact, a relatively pure copper with less
than 1 percent of alloying metal.) The
answer is easy. First, was the medieval
England of Ely Cathedral, say, much less
a land of grass roof and mud wall? Sec-
ond, one need only look in Yorubaland
today to see artists working in clay,
wood and bronze with great success in a
hundred villages and towns.

This book is an early step in the great
enterprise of reconstituting the history of
sub-Saharan Africa, a history of innova-
tion and tradition as rich as any land’s,
as old as predynastic Egypt, still largely
hidden in the unexamined and unfamil-
iar speeches and soils of rain forest and
savanna. The plates in this book, many
in color, witness the greatness of that
still unshared history.

FOSSIL Birps, by W. E. Swinton. Trust-

ees of the British Museum (Natural
History). British Information Service,
New York ($1.50). Next best to a visit
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New approaches
to science in
new

The Living Stream
by SIR ALISTER HARDY

The most revolutionary book on
evolution in a generation, this is
thework of the Linacre Professor
of Zoology at Oxford. “The cen-
tral theme is an examination of
evolution in the light of current
thought . . . Sir Alister suggests
that science show the way to ‘a
re-establishment of the idea of
God as both a philosophic and
scientific reality.”” — Saturday
Review Syndicate. “Extremely
provocative and well-written.”
— HowArp E. EVANS, Agassiz
Museum, Harvard University.
With 75 drawings. $6.95

The Nature
of Human Nature

by ALEX COMFORT

This remarkable survey of social
evolution and man’s basic moti-
vating drives — by an eminent
biologist who is also a man of let-
ters — takes into account art as
well as science. ‘“‘Extremely
thought-provoking . . . Comfort
has more confidence in the Freud-
ian insights than I do, but de-
spite our many differences, I had
a frequent desire to cheer as I
read.”— MARSTON BATES, Univer-
sity of Michigan, $5.00

% At your bookstore
3 or from Dept. 14

! Horper & Row

49 E. 33rd St.,New York, N.Y. 10016
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to the galleries of the British Museum to
see the original specimen of the first fos-
sil bird Archeopteryx (three are known
in all) is this handsomely illustrated little
guide. One learns that the feathery fos-
sil in lithographic stone, a sensation even
among the Bavarian quarrymen who
found it a century ago, was sold with
other fossils to the museum by the medi-
cal officer of the district for 700 pounds,
which he gave his daughter for her
dowry.

The insects were the first organisms
to fly, and in the Carboniferous they
were big flying fellows, playing the part
of “forest birds.” Next to fly genuinely—
not merely as gliders—were the reptiles,
who evolved during 200 million years of
flight to a wingspan of nine yards. Arche-
opteryx is the first known bird, fossilized
in the fine mud of a vast inland sea.
Seabirds are far more commonly fossil-
ized than land birds, the rarest of fossils.
The next bird fossils do not appear until
50 million years later; by that time there
were many kinds of birds. Archeopteryx,
about the size of a crow, was already a
plausible-looking bird except for the
claws on its wings. The next known birds
could pass for loons or terns or for big
roadrunners (although one Cretaceous
form still had teeth). The biggest fos-
sil bird is Dinornis maximus, a moa of
New Zealand, standing 12 feet high,
living on ferns and probably known to,
and ended by, the earliest Maoris. A
painting of moas done on rock by old
Maori artists closes the book, whose
many illustrations and reconstructions,
mainly by Maurice Wilson, are full of
interest.

TOUCH, Heat anp PaIN, edited by
* A. V. S. De Reuck and Julie Knight.
Little, Brown and Company ($14). PrIN-
CIPLES OF BIOMOLECULAR ORGANIZA-
TION, edited by G. E. W. Wolstenholme
and Maeve O’Connor. Little, Brown and
Company ($15). Call together a couple
of dozen articulate and experienced re-
search workers, set them a subject, allow
the most energetic to deliver papers on
their own recent work, ask a lot of ques-
tions and publish the entire proceedings.
That is the design of these two books,
recent members (both discussions were
held in the summer of 1965) of a long
series of general symposia on topics in
medicine, biology and psychology spon-
sored by the Ciba Foundation in Lon-
don. The two books differ sharply but
both are fascinating. The first volume
is expert and lively, whether showing
signals from the cat’s pad or discussing
S. S. Stevens’ power law of sensed in-
tensity versus stimulus; it is mainly neu-

© 1967 SCIENTIFIC AMERICAN, INC

rophysiology plus a dose of information
theory and some psychophysics. It is a
first-class survey. The second one is a
tour de force. The meeting included such
wits as N. W. Pirie (“A group of émigré
physicists is now moving into biology.
... The intrusion has been immensely
valuable. In the first place it has re-
leased large new sources of money....”)
and fruitful inventors such as John Ken-
drew, Francis Crick, Donald Caspar
and J. D. Bernal. The discussions are
genuinely brilliant. The central questions
turn out to be the causes of orderly
structure on the level of the protein
shell of virus particles, spreading down
to protein helixes and up to cell mem-
branes and to muscle fibers. The marvel-
ous icosahedrons of the virus shells, the
cane weaving of scorpion leg muscle and
the book pages of retinal rod membranes
are all pictured and discussed with
verve. A final session considered the
economy of what is the smallest fully
free-living form, one of the pleuro-
pneumonia-like organisms, or PPLO’s,
so small a beast that it owns only a
couple of hydrogen ions at a time and
has a DNA tape holding the informa-
tion content of a thin paperback.

FROM FREGE TO GODEL: A SOURCE

Book 1N MATHEMATICAL Locic,
1879-1931, by Jean van Heijenoort.
Harvard University Press ($18.50). A
thick volume containing 45 documents
on this embattled subject, with learned
introductions and a useful apparatus of
notes and bibliography. There are four
personal letters in the collection, surely
a remarkable circumstance, emphasiz-
ing the air of controversy and insecurity
that besets the search for logical cer-
tainty over two generations. The 1902
interchange between Bertrand Russell
and Gottlob Frege is here; it is not easy
to forget the noble picture of Frege “re-
sponding with intellectual pleasure” to
the one-page letter from a young stran-
ger that demonstrated to Frege that the
fundamental assumption of almost a
life’s work was in error. Here are the
paradoxes and their resolution, from
Cesare Burali-Forti to L. E. J. Brouwer,
David Hilbert and Hermann Weyl. The
last papers center on Kurt Godel’s great
proof. Its consequences mark the mod-
ern period, the rise of Turing machines
and of the theory of recursive functions.
Godel writes in a 1963 note to his fa-
mous 1930 paper: “Due to A. M. Tur-
ing’s work . . . it can be proved rigorously
that in every consistent formal system
that contains a certain amount of finitary
number theory there exist undecidable
arithmetic propositions.”
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m-iN GARDNER

The long-awaited
definitive study of

DR. MATRIX

m The incredibly brilliant Dr.
Matrix — hawk-nosed, emerald-
eyed, master of Number Theory
and Numerological Analysis, (now
believed by some to be the most
spectacular figure in the annals of
Numerology) was literally un-
known until in 1960, in Scientific
American, Martin Gardner de-
scribed the Doctor’s fabulous (pre-
Convention) numerological anal-
ysis of Nixon and Rockefeller as
Presidential possibilities.

Now all Mr. Gardner’s writings
on Matrix are brought together,
and expanded with important
new material, in his definitive
study: The Numerology of Dr.
Matrix.

The result is not only a fan-
tastic display of numerological
pyrotechnics (Biblical, Literary
and Philosophical as well as Polit-
ical and Psychonumeranalytical)
but B 22 a work which adds
immeasurably to our all-too-mea-
ger knowledge of the Doctor’s
curriculum vitae, from his notable
seminar at the Grand Academy of
Lagoda to his interlude at Sing
Sing and his rehabilitation on the
Literary Faculty of Wordsmith
College.

Just published by Simon and

Schuster. $4.50 at all bookstores. Or
use the coupon below.

To: SIMON AND SCHUSTER, Dept. JM
630 Fifth Avenue, New York 10020
Please send me copies of The
Numerology of Dr. Matrix. If not de-
lighted and awed, I'll return the book (s)
in 14 days. Otherwise I'll remit $4.50
per copy plus postage and handling.

O Check here if enclosing remittance. This way
publishers pay postage. Same guarantee. N. Y.
residents please add sales tax.
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“Slowly in the years following 1930, it became

clear that the plastids in all green plants propagate
themselves everlastingly just as the nucleus does. But
they do so on their own. Not for them are mitosis
and meiosis. Not for them indeed is sexual repro-
duction in any ordinary sense. In genetics and
physiology and therefore in evolution

S - they are little worlds of their

—

- own. Or, as we may say, little prin-

* cipalities within the biological kingdom.

“Soon also it began to appear that, in animals
aswell as in plants, other kinds of hered-

ity existed outside the nucleus. Such

\ \ heredity must depend on invisible

corpuscles to which the plastids would provide a
\ visible clue. Thus the plastids of plants introduced us to
methods and principles common to a new world of plant and

| animal studies . . .

“Such is the new world that John Kirk and Richard Tilney-
Bassett have set out to show us in this book . ..”

— From the Foreword by C. D. Darlington

The Plastids

THEIR CHEMISTRY, STRUCTURE, GROWTH, AND INHERITANCE

JOHN T. O. KIRK, University of Wales, Aberystwyth, and RICHARD A. E. TILNEY-BASSETT, University of Wales, Swansea
Foreword by C. D. Darlington, E R. S. 1967, 608 pages, 140 illustrations, $17.50

“. .. An impressive work, beautifully illustrated and an invaluable source of references. Its publication is a landmark in the acceptance
of the extrachromosomal contents of the cell as a partner of the chromosomal system in the heredity, growth, and differentiation of
green plants.” —J. L. Jinks, in Nature, July 1, 1967

Partial Contents: THE NATURE OF PLASTIDS (J. T. O. Kirk). THE INHERITANCE AND GENETIC AUTONOMY OF
PLASTIDS (R. A. E. Tilney-Bassett). THE BIOCHEMICAL BASIS FOR PLASTID AUTONOMY AND PLASTID GROWTH
(J. T. O. Kirk). THE PRESENT POSITION AND FUTURE DEVELOPMENTS (J. T. O. Kirk and R. A. E. Tilney-Bassett).
Conclusions and Discussions.

From your bookseller or from

W. H. Freeman and Company

660 Market Street, San Francisco, California 94104/ Warner House, 48 Upper Thames Street, London, E.C. 4
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tracts, multiplies, shifts, comple-
ments, carries, memorizes. Colored
plastlc parts easily assembled. 12”x

3%”x434”. Incld. step-by-step as-
sembly dlagrams 32-p. instruction
book covering operation, computer
language (binary system) pro-
gramming, problems & 15 experi-

ments.
Stock No. 70,683S...$5.98 Ppd.

GET FREE CATALOG

SEND FOR FREE | I
CATALOG “§"”

Completely new
1968 Catalog. 148 |
pages packed
with nearly 4,000 |
unusual bar-
gains. Exciting |
new categories.

]
| Manynewnems |
100’s of charts,

I illustrations. Many hard-to- l
I get war surplus bargains. Enor- I
mous selection of telescopes.
| microscopes, binoculars, mag- |
nets, magnifiers, prisms, photo
| components, etc. For hobby-
ists, experimenters, workshops,
| factories. Shop by mail. No
salesman will call. Write for
l Catalog “‘S” to Edmund Scien- I
l tific Co., 300 ;Edscorp. Bldg., I

Barrington, N. J. 08007.
| NAME |
I ADDRESS
CITY I
| STATE Z1lp |

GIANT
WEATHER BALLOONS

“Balls of fun” for Kkids, traffic
stoppers for stores, terrific for
amateur meteorologists. Create a
neighborhood sensation. Great
backyard fun. Exciting beach at-
traction. Amateur meteorologists
use to measure cloud heights, wind
speed. and temp. Made of heavy
duty neoprene. Inflate with vac-
uum cieaner or auto air hose; or
1ucally available helium for high

rise.
Stock No. 60,5685.8’.52.00 Ppd.
StockNo0.60.6325.16.57.00P pd.

ANALOG
COMPUTER KIT

Demonstrates basic analog com-
puting principles. Can be used for
multiplication, division, powers,
roots, log operations, trig prob-
lems, [)l)}SlcS formulae, electricity
and magnetism problems. Oper-
ates on two flashlight batteries.
Electric motor and 3 potentiom-
eters mounted on die-cut box.
Answer indicated on d|al 20"
long, 9”7 wide, 2”

Stock No. 70, 341s. 514 .95 Ppd.

ASTRONOMICAL
TELESCOPE KITS

Grind your own mirror for power-
ful telescopes. Kits contain fine
annealed pyrex mirror blank, tool,
abrasives, diagonal mirror, and
eyepiece lenses. Instruments you
build range in value from $75 to
hundreds of dollars
414" Diam.—3{” Th
Stock No. 70, 0035 58 00 Ppd.
6” Diam.—1” T

Stock No. 70, 0045 .$12.95 Ppd.
8’ Diam, —vy" ick

Stock No. 70, 0055 521 00 Ppd.
10”7 Diam. —1/

Stock No. 70, NIGS 534 25 f.o.b.

SCIENCE
TREASURE CHESTS

Hundreds of thrilling experiments
plus a Ten Lens Kit to make tele-
scopes, microscopes, etc. Incl.:

extra powerful magnets, polarlz-
ing filters, compass, one-way
mirror film, diffraction grating,
many other items.

Stock No. 70,342S....85.50 Ppd.
Deluxe chest (m(‘ cr) qtal growing
kit, electric motor, molecular set,
& lots more.)

Stock No. 70,343S..510.50 Ppd.

e |

WFF'N PROOF—
GAMES OF LOGIC

Practice abstract thinking and
math logic. Developed by Yale
prof. If you think learnmg should
be fun, try WFF'N PROOF
brain-to-brain combat! 21 games
of progressive difliculty. Starts
with simple games mastered by
6-year-olds, ends with subtle
logic for challenge to professional
logicians. 815” x 534" case contains
logic cubes, playing mats, timer &

224-p. bo
.$6.00 Ppd.

0Kk.
Stock No. 60,525S.

AMAZING
NEW HOLOGRAMS

Almost unbelievable new 3-D
photo- teclmlque for small cost.
Simple transmission-type holo-
gram (on film and glass) result of
splitting laser beam. Dimension
appears carved in stone. Cut in
half repeated'y—parts still con-
tain full scene. Use slide projector
light source or flashlight bulb fila-
ment. Filter incl.

(47 x334") ... ....... $11.00 Ppd.
Stock No. 30,574S

RVx1%") ... $4.50 Ppd.
Stock No. 40,9845 (ON GLAbS)
(47x 57). .$30.00 Ppd.

ORDER BY STOCK NUMBER = SEND CHECK OR MONEY ORDER » MONEY-BACK GUARANTEE

EDMUND SCIENTIFIC C

300 EDSCORP BUILDING
» BARRINGTON, NEW JERSEY 08007
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Kip S. Thorne, Masami Wakano and
John Archibald Wheeler. The Uni-
versity of Chicago Press, 1965.

TuE HyprobpyNaMIiCc BEHAVIOR OF Su-
PERNOVAE ExprLosions. Stirling A.
Colgate and Richard H. White in
The Astrophysical Journal, Vol. 143,
No. 3, pages 626—-681; March, 1966.

RELATIVISTIC ASTROPHYSICS. Ya. B.
Zel'dovich and I. D. Novikov in Soviet
Physics: Uspekhi, Part 1,7 Vol. 7, No.
6, pages 763-788, May—June, 1965;
Part II, Vol. 8, No. 4, pages 522-577,
January—February, 1966.

MAXWELL’S DEMON

MATHEMATISCHE VORLESUNGEN AM DER
UNIVERSITAT GOTTINGEN VI, LEIpzIic
uNp BerLIN. M. U. Smoluchowski;
1914.

MaxweLL’Ss DEMON CANNOT OPERATE:
INFORMATION AND ENTROPY, I-IV. L.
Brillouin in Journal of Applied Phys-
ics, Vol. 22, No. 3, pages 334-337;
March, 1951.

TrEORY OF HEAT. ]. Clerk Maxwell.
Longmans, Green & Co., 1871.

WHAT Is Lire? & OTHER SciENTIFIC Es-
says. Erwin Schrodinger. Doubleday
& Company, Inc., 1956.

THE FUNGUS GARDENS
OF INSECTS

AMBRosIA Funci: EXTENT OF SPECIFIC-
1TY To AMBROsIA BEETLES. Lekh R.
Batra in Science, Vol. 153, No. 3732,
pages 193-195; July 8, 1966.

Funcus-GROwING ANTS. Neal A. Weber
in Science, Vol. 153, No. 3736, pages
587-604; August 5, 1966.

SymBiosis AND Siricip Woobwases. E.
A. Parkin in Annals of Applied Biolo-
gy, Vol. 29, No. 4, pages 268-274;
August, 1942,

TeErRMITES: THEIR RECOGNITION AND
ContrOL. W. Victor Harris. Long-
mans, Green and Co. Ltd., 1961.

TRAILS OF THE LEAFCUTTERS. ]ohn C.
Moser in Natural History, Vol. 76,
No. 1, pages 32-35; January, 1967.

THE AMATEUR SCIENTIST

How 1o MAKE A DEMONSTRATION FUEL
CeLL. Esso Research and Engineering
Company, 1961.

Symposium oN Fuer Cerrs. Ernst G.
Baars, Chairman. 12th Annual Bat-
tery Research and Development Con-
ference Proceedings. United States
Army Signal Research and Develop-
ment Laboratory, Fort Monmouth,
N.J., 1958.



MPERIAL

If you want more than luxury in your luxury car

Watch the Bob Hope Show and AFL Football on NBC-TV., The 1968 Imperial LeBaron

When you buy in this price height, tilt, and leg room are the speed you select.
class you have every right to right for you. With Auto-Temp, the
expect exceptional styling. You feel it in the response temperature you choose
A luxury car Shou]d do a The 1968 Imperial obliges. of a 440 cu. in. V8, the largest remains constant—winter and
lot more than JUSt look Beautifully. ever offered by Chrysler summer. And, if you wish,
beautiful at the club. But the new Imperial offers  Corporation. You feel it in the  stereo sound surrounds you.
far more than looks. In this one, smooth torsion-bar ride. This year, get more than
you don’t just see luxury. Inside, Imperial options wait luxury in your luxury car.
You experience it. on you hand and foot. Drive the 1968 Imperial, finest
You feel it in a seat that On the straightaway, Auto- automobile built by
power adjusts six ways—until Pilot speed control maintains Chrysler Corporation.

w
| MPERIAL sunvsies
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ST0P SKIDS

Get rid of the road ice that rock salt alone can’t melt.

W

Allied Chemical makes the de-icer that helps stop skids. It's cal-  ing action at below-freezing temperatures. Either way, Allied Chem-
cium chloride. Mixed with rock salt, it gives the most economical ical’s calcium chloride is helping keep the roads open in winter. It's
combination for quick action. Used straight, it gives the fastest melt-  another example of how Allied Chemical puts chemistry to work.

llied
hemical

RIGHT IN THE CENTER OF
THINGS AT NO. 1 TIMES SQUARE

Divisions: Agricultural, Fabricated Products, Fibers, Industrial Chemicals, International, Plastics, Semet-Solvay, Union Texas Petroleum, Allied Chemical Canada, Ltd.
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