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A revolutionary RCA TV camera discovers new
forms of life 9,000 feet beneath the Pacific.

Giant tube worms, more than 8 feet long, made their The CCD Camera is a product of RCA research—
television debut on a National Geographic special thanks the kind of dedicated research that has been a tradition at
to a solid state RCA TV camera that has no tubes at all. RCA ever since Nipper started listening to His Master's
This tiny TV camera, developed by RCA scientists and Voice. Today, research and development of electronic
engineers, isn't much bigger than a home movie camera. products are funded at the highest level in our company’s .
It uses three image sensors, called CCD's (Charged-Couple history. Our commitmentis, as it has always been, )
Devices), in place of standard vidicon tubes. to the advancement of technology —to the creation

The image sensors turn a visual image into thousands of products that expand the human horizon, whether
of electrical signals which are processed and displayed ona at 9,000 feet below the Pacific or millions of miles
TV monitor as exceptionally clear, vivid pictures. away in space.

© 1979 RCA Corporation
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“\WATCH YOUR STEP. -
IN THIS PART

NORTH GAROLINA.

If you
pass

this part of the
country, take
things nice 'n
slow. Because
if you don',you could find
a Rabbit on yourfail.

OF

It's

y been

chosen

from

a large line-up of cars to be a new
member of the squadron.

Why the Rabbit?

Maybe it's because it offers a
brilliant combination of accel-
eration and handling. The Rabbit
jumps from 0 to 50 mph in 8.3 exhil-
arating seconds. Meanwhile the
rack-and-pinion steering helps it
handle some of the quickest turns
on the frail.

And besides performance, there
are lots of other things that make
the Rabbit an easy overall choice.
Take. passenger space, for instance.
The Rabbit has plenty of if. With
enough legroom and headroom

© 1980 SCIENTIFIC AMERICAN, INC

to fit four police officers —with
their caps on.

In addition, it's so ruggedly con-
structed it has been compared to a
Mosler safe. Which means it can
take just about all the stopping, go-
ing, banging, slamming and bump-
ingthatthe police cangive it.

Shift after shift. Chase after chase.

Now, you'Te probably wonder-
ing which part of North Carolina
the Rabbit is hiding in—well, we
promised not fo fell.

But if your foot ever gets heavy
around here, you'l find out quicker
than you can say Volkswagen.

DOES IT
AGRIN
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EXPLORE A WORLD
THAT UNTIL NOW
YOU VE ONLY

STEPPED ON. g
' e -'.“' gkt -:f“.':'ﬂ J ,(’

Watch The Invisible World
March3rd at8p.m. ~
7 Central on PBS.
{ hudd
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Under your foot, in your home,
and a million miles out in space there’s a world
your eyes alone can never see.
The Invisible World, a new
National Geographic Special, reveals this world
in unbelievable detail.
It's eye-opening television that uses
amazing new photographic techniques to
bring the entire family face-to-face with atoms,
grotesque bugs, and distant stars.
Five years ago, Gulf made a
commitment with the National Geographic
Society and the Public Broadcasting Service to
American-made Public Television.
Together, we've set Public Television
viewing records.
In fact, the documentaries are
consistently the highest-rated specials
on PBS.
For an hour of discovery television,
remember the first Monday of January,
February, March, and April.
Join us and explore new worlds,
recall bygone eras, examine unknowns,
and discover worlds your eyes alone can
never see.

GULF OIL CORPORATION
NATIONAL GEOGRAPHIC SOCIETY
PUBLIC TELEVISION

Partners in Discovery S

s

Ciulf Cxl ¢ OTPOTATIon

s
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Offprints

Each article in each issue of
SCIENTIFIC AMERICAN is
available in a separate Offprint
starting January,1977

Offprints will be ready for delivery by
the end of the month following the
month of issue. In addition, over 1,000
selected articles from earlier issues
are available in Offprints and are listed
in catalogue (see form below).

Individual and Corporate Orders
Offprints may be ordered in any quan-
tity and combination. Price: $.40
each; $5.00 minimum; payment with
order. Coupon below suggests form
of order.

School and College Orders
Offprints adopted for classroom use
may be ordered direct or through
campus bookstore. Price: $.40 each.
Student sets of 10 or more Offprints
are collated by publisher and deliv-
ered as sets to bookstore. Offprint
Readers, pre-selected course-oriented
sets of Offprints, are accompanied by
selector’s commentary relating the ar-
ticles to one another and to formal
course work. Write for catalogue.

W. H. Freeman and Company
660 Market Street, San Francisco, Cal 94104

Please send me Offprints:

Title of Article Quantity

Total

Multiply by $ .40 |

Payment Enclosed $

Minimum order $5.00, payment with order
California residents add sales tax

[] Please send free Oftprint catalogue
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City and State Zip
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THE COVER

The painting on the cover is a head-on view of a diver in the course of execut-
ing a one-and-a-half somersault with a full twist from a one-meter spring-
board, based on a motion-picture study of the dive. Although at this stage the
diver’s body is straight, it is not vertical, whereby hangs a tale. After the diver
leaves the springboard no additional torques, or rotational forces, can be applied
to her body. (The torques resulting from the friction of the air are negligible.)
Accordingly any maneuver the diver executes must be accomplished within
the constraints of the conservation of angular momentum: no momentum can
be added or subtracted. Somersaulting and twisting therefore call for shifting
the distribution of mass within the system represented by the body, as by ex-
tending the arms outward or tucking the knees against the chest. In the one-
and-a-half somersault with one twist shown on the cover the diver’s slight in-
clination from the vertical is necessary for her to be able to complete the twist
(see “The Physics of Somersaulting and Twisting,” by Cliff Frohlich, page 154).

THE ILLUSTRATIONS
Cover painting by Robert G. Alcorn
Page Source Page Source
24-38 I1il Arbel 109 1. D. Goldfine,
University of California
55-59 Dan Todd at San Francisco
60-61 Albert Miller 112-120 Ilil Arbel
62-64  Dan Todd 125 George Van Biesbroeck
67 CERN (top), Gabor 126-130 Walken Graphics
Kiss (bottom)
. 132 Walken Graphics (top),
68-71  Gabor Kiss G. P. Bond (bottom)
2 CERN 134 Walken Graphics

73-75  Gabor Kiss 136-153 George V. Kelvin

77 Meridian Airmaps 154 Ben Rose

78-79 Peter V. Addyman, York

Archaeological Trust 155-164 Patricia J. Wynne

80-81  Andrew Tomko 167-173 Tom Prentiss
82-83  Peter V. Addyman, York 174 Henry F. Howden,
Archaeological Trust Carleton University,
Ottawa, and Antonio
84 Andrew Tomko Martinez, National
Council of Scientific
85-86  Peter V. Addyman, York and Technical
Archaeological Trust Research, Buenos Aires
103 Richard G. W. Anderson, 176-178 Tom Prentiss
University of Texas Health
Science Center at Dallas 185-186 Jearl Walker
104-106 Ilil Arbel 188-191 Michael Goodman
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“Ask me about life insurance.
Giving you the answers IS
my full-time job”’

Today, a young couple will depend on my It's why, even now, I think it’s important to
advice for their family’s financial security. keep abreast of the latest tax developments

A business partner will seek life insurance and new and creative uses of life insurance.
that can best fund a buy-sell agreement. It's why so many of us participate in study

A successful doctor will ask questions groups with other outstanding New York Life
about the use of life insurance to protect heirs Agents and attend one or more advanced sem-
against estate taxes. inars conducted by New York Life annually.

To help give them the right answers is I .couldn’t do all of this as a part-time
why I became a full-time career agent with agent.
New York Life. I couldn’t gain the knowledge and

It’s why, in my first three years, I worked  experience required to truly protect your fam-
hard in the company’s numerous formal ily and your business, or give you the service

‘ training courses. you deserve.
Yes, I'm a full-time career
3 agent with New York Life. And
= that makes a difference.

There are 12,000 of us in the
United States and Canada. Why
not call one of us soon—for the
answer to your needs.

New York Life.
For all of your life.

New York Life I Company, 51 Madi Avenue, New York, New York 10010. Life, Group and Health Insurance, Annuities, Pension Plans.
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[T GLIDES
OVER THE PALATE
WITH NARY A RIPPLE.

The
Professionals
Call It
Incredible!
The
DYNAMAX"
Multipurpose
Telescope

Imagine the awesome power of
professional observatory-size optics.

Imagine it packaged in an
amazingly versatile and easy-to-use
telescope.

A telescope that you can carry in
one hand.

That you can use from 10 feet to
infinity.

Visually or photographlcally

Imagine THE DYNAMAX®
Multipurpose Telescope.

Better yet. See one in action.

Write or telephone today for your
free color catalog.

Prices start at $610.

CRITERION SCIENTIFIC INSTRUMENTS
Dept. SA-9, 620 Oakwood Ave.

West Hartford, CT 06110
© Csi Telephone (203) 247-1696

—

Complete Microprocessors line, peripherals & Terminals,

APPLE 16K ........... $ 995.00 Disk Il/controller ..$ 535.00
SOROC 10120 ........ 895.00 SOROC 10140 ........ 1395.00
ADM3A, assembled.. 840.25 199/4 . 1150.00
| 7 J—— 1440.00 T1-810 . 1715.00

Texas Instruments

T35 10D ... 22.95 Speak & Spell $59.00

T1-50 LCD ... 34.50 Spelling Bee.. 30.95
T1BA INLCD .. 37.50 TI-Programmer 47.95
55 e 35.50 MBA 52.50
Accessories .. call us

T1-58C ........

PC100C ........

59

Hp-61 $299.00 HP-31E 40.00
Hp-97 584.50 HP-32E 56.00
HP-33C .. 99.95 HP-33E .. 72.00
HP-34C ... ... 12495 HP-37E .. 61.00
HP-38C . ... 12495 HP-38E .. 96.00
HP-41C Prog . 24495 HP-41C CRD RDR 159.50

HP-41C Prinfer ... 289.50  HP-41C Mem, Module 40.00

SCM TYPEWRITER SPECIALS

§CM-2200 ...$269.00 VANTAGE
SCM-2500 .. 219.00 CLASSIC 12 .

All units oﬂglrul cartons with accessorie:
to manufacturer’s specification. Send money orders, personal
check (2 weeks to clear). In lllinois add 6% sales tax.

Add $4.95 minimum shipping & handiing charges per unit.
We ship UPS. Subject to availability. Written warranty for
specific products can be obtained free upon request. Above
prices are for mail order and prepaid oniy. Send mall orders

Pabik’s, Dne.

519 DAVIS, EVANSTON, ILL. 60201 TEL.: 312-869-6144

8
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LETTERS

It is not only in Europe and North
Africa that the danger of eating fresh-
killed quail was known [see ‘“Science
and the Citizen,” SCIENTIFIC AMERICAN,
January]. In Num. 11:31-33 appears
the following passage: “And there went
forth a wind from the Lord, and brought
quails from the sea, and let them fall by
the camp, as it were a day’s journey on
this side, and as it were a day’s journey
on the other side, round about the camp,
and as it were two cubits high upon the
face of the earth. And the people stood
up all that day, and all that night, and
all the next day, and they gathered the
quails: he that gathered least gathered
ten homers: and they spread them all
abroad for themselves round about the
camp. And while the flesh was yet be-
tween their teeth, ere it was chewed, the
wrath of the Lord was kindled against
the people, and the Lord smote the peo-
ple with a very great plague.”

GIDEON YUVAL

State University of New York at Buffalo
Ambherst, N.Y.

Sirs:

In an effort to clear up the confusion
concerning Halley’s comet in your de-
partment “Letters” for December, 1979,
I should like to make the following
points.

The comet of 1680, and not Halley’s
comet of 1682, played an important part
in the studies that led to Newton’s Prin-
cipia (1687). Although Newton initially
thought the pre- and postperihelion ap-
paritions of the 1680 comet were two
different comets, he soon realized they
were the same object. This realization,
along with his theory of cometary mo-
tion, played an important part in con-
firming his theory of gravitational at-
traction. Working with the technique
outlined by Newton in the Principia,
Halley suggested in 1695 that the com-
ets seen in 1682, 1607 and 1531 were the
same object. In 1705 Halley published
his correct prediction that the comet of
1682 would return in 1758. In the same
treatise he erroneously suggested that
the comets seen in 1532 and 1661 were
the same object, and in a revised edition
of his work he also erroneously suggest-
ed that the comets seen in 1680, 1106
and 531 and in 44 B.c. were the same
object. The latter comet was thought
to have an approximate period of 575
years.... Although it is comforting to
know that a modern, informed, chrono-
logical listing of cometary appearances
has recently been initiated, it should be
pointed out that the Chinese have had
such a record for nearly two millenni-



Friendly
comparison

Can JS&A offer a better telephone answering
unit than the first one we introduced?
Here'’s the story of American competition

at its finest.

We've seen them all. Every telephone
answering unit has its advantages and dis-
advantages.

So when JS&A selected our first telephone
answering unit three years ago and called it
the best remote system available, it soon
became one of the most popular units on the
market. Since 1976, JS&A has sold thousands
of them.

SERIOUS COMPETITION

But that was three years ago. It finally took
an enterprising company called Olympia to
develop and introduce what we would call the
first serious competition to our first telephone
answerer.

So JS&A had a dilemma. Here we were, with
an excellent relationship with a major supplier,
and yet our reputation demands that we offer
our customers only the most advanced prod-
ucts. Do we continue to carry both units, or do
we break off relations completely and intro-
duce a competitive model? To make the deci-
sion more difficult, you first have to understand
the new technology in the Olympia unit.

A FAIR COMPARISON

The Olympia Master Telephone Recorderis
a microprocessor-based system with a few
features that make it a more advanced unit
than the industry leader.

But to provide a fair comparison, there are a
few disadvantages with the Olympia. The
Olympia does not have a call counter that tells
you at a glance how many calls you've re-
ceived. And its outgoing announcement is not
recorded as fast as with our first unit. But there
are so many other features and advanced
technology that the Olympia deserves your
consideration.

ERASE OR SAVE

Most remote units and the Olympia have
remote pagers. When you want to retrieve
your messages, simply hold the pager up to
the telephone, press a button, and the tele-
phone answering unit rewinds to the start of
your first message and plays them back.

That's great. But there was a disadvantage
1o the others. After you listened to your
messages, you could not rewind. If you
wanted to rewind to the beginning of the tape,
you had to call your unit a second time. That's
only a slight problem if you're calling locally
from a phone booth, but very costly when
you're calling long distance. And if you don't
call back right away and rewind, you have
another problem. Later, you'll have to listen to
all those messages you previously heard
because the unit doesn’t know where the old
messages stop and the new ones start.

The new Olympia Master Recorder has
solved that problem. You have a choice. You
can either hang up after you've heard your

messages or you can rewind them to the
beginning while you're on the phone.

NO MESSAGE/LAST MESSAGE

Let's say you call in and there are no
messages for you. The Olympia has a special
beep tone that tells you the moment you call in
that there is no message. Or let’s say there are
three messages waiting for you. After the three
messages are played back, another beep tone
signals you that you've finished your last
message. There is no provision like this on any
of the popularly priced units.

YOUB OWN TAPE

The Olympia uses one commercially avail-
able cassette tape that will last a few years
with normal use. Today's most popular unit
uses a built-in tape that will last five years, and
costs $17 to replace. With the Olympia unit,
you remove the old cassette and pop in the
new one which shouldn’t cost more than $2.

TAPE SPEED

It costs time and money to listen to your old
messages and to rewind. So the Olympia not
only improved the concept by giving you a
choice, they also improved the tape rewind
speed. Now, when you retrieve your calls, your
rewind time is faster than many other systems
and as fast as the system we formerly sold.

Not only is the Olympia faster, but it
measures only 2%a"x 6"'x 10” and weighs only
36 ounces. You can place your phone on top of
the unit or next to it without cluttering your
desk.

We could probably presentreasons why the
Olympia Master Recorder will pay for itself
with just the time you save retrieving mes-
sages—but there's more.

SINGLE SYSTEM

You record your outgoing announcement on
one track of the cassette tape and you receive
your incoming messages on the other side.
This single cassette approach reduced the
costs of the Olympia below those of the con-
ventional recorders that required two separate
record and playback systems. And like other
units, when you play back your tape, you hear
only your incoming messages —never the out-
going announcement.

To record an outgoing announcement, you
simply press the record button and talk into a
microphone supplied with the unit. The unit will
record a 17 second outgoing announcement
and a 30 second incoming message. Our pre-
vious unit records a 20 second outgoing an-
nouncement and a 30 second incoming
message.

AND THEN THERE'’S VALUE
Our previous unit sold for $269.95. The
Olympia sells for only $169.95—a $100 sav-
ings before you even start to use the system.

© 1980 SCIENTIFIC AMERICAN, INC

But don't take our word for it. Order an
Olympia from us on our 30-day telephone
answering test. Personally see how quickly
you can retrieve or rewind your messages
without having to call in twice. See how this
compact unit fits on your desk. And above all,
note the quality and workmanship of this fine
piece of equipment.

Then after 30 days of messages, decide if
you want to keep your unit. If not, no problem.
Just return your unit for a prompt and courte-
ous refund including your $3.50 postage and
handling.

If you decide to keep it, great. You'll own the
most advanced unit of its kind. The Olympia
Master Recorder is sold exclusivly by JS&A.
We're America’s largest single source of
space-age products, and we have sold more
telephone answering units than many of our
competitors combined. We know the market.

MULTI-NATIONAL CORPORATION

Olympia is a multi-national corporation with
eight national factory service and service-by-
mail facilities—further assurance that your
modest investment is well protected.

To order your Olympia, send a check for
$169.95 plus $3.50 postage and handling
made payable to JS&A Group, Inc. (lllinois
residents add 5% sales tax.) Credit card
buyers may call our toll-free number below.
We'll send your unit complete with recording
microphone, one cassette tape, remote pager,
AC adapter, instructions, and a 90-day limited
warranty —everything you'll need for your 30-
day test.

When we realized that the Olympia was the
unit we should market, we called our previous
supplier and told them of our decision.

In today’s changing times, technology does
not stand still. Despite our excellent relation-
ship with our previous supplier, we felt it our
obligation to introduce today's most advanced
products—even at the risk of losing a valuable
supplier.

If you're considering a new telephone
answering unit, we can’t recommend a better
system than the Olympia Master Recorder.
Why not order one at no obligation today?

0 PRODUCTS
o) THAT
e WTHINK

Dept. SA One JS&A Plaza
Northbrook, Hll. 60062  (312) 564-7000
CallTOLL-FREE ........ 800 323-6400
Inlllinois Call ....... ... (312) 564-7000

©JS&A Group,Inc.,1979
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OVER THE
COURSE OF TIME,
THE TASTE HASN'T
ALTERED A DEGREE.

aarrin tme mo- LY
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“="SC0TS WHISKY

uTTY SARK~

The Amazing
Stirling Cycle

7" x4

Hot Air Engine

Heat is the only fuel requnred'

A marvelous opportunity to acquire an early
model Stirling Cycle Engine and acquaint
yourself with little known facts about a prod-
uct of the past that may well hold promise
for the future.

The average person has never heard of the
Stirling engine, so the sight of one quietly
running with heat as its only fuel will at first
amaze them and then excite their imagina-
tion. This is the first in a family of six differ-
ent desk-top model hot air engines to be
issued during the next three years.

Experimenters o Hobbyists’ Power Source
Students e Collectors e Model Engineers

An easily read, lavishly illustrated, 128-
page book accompanies each engine' or
may be purchased separately. This pub-
lication, the first of its kind, takes the
reader on a 160-year tour through the
world of Stirling Cycle Engines. Illus-
trations include the Stirling, Roper,
Heinrici and the amazing new Stirling-
powered Ford Torino!

Silent

Safe

Fully

ALL METAL
EEDS TO 1000 RPM
BUILT- IN ALCOHOL BURNER

b

Solar Engines « 2937 W. INDIAN SCHOOL RD., PHOENIX, AZ 85017 U.S.A. (602) 274-3541
Engine and Book @ $38.50...%_____

Please send me:

|
I Enclosed
| ] Check 01 Money Order — Book (separately) @ $ 5.50...5_— |
| Charge My: ;Domestw sl';t;()ments l;eni postpsgi I

nternational (airmail) please a.

| B Oers "t Master Chbrge . $11.00 for Engine; $2.00 for Book only.) TOTAL$—— |
I SIGNATURE I
| LTS LS b NAME (PLEASE PRINT) I
| carpNo. ADDRESS T
| EXPIRATION DATE ciTy STATE z2IP SA I
L— ——————— CREDIT CARD BUYERS DIAL: (800) 528-6048 ==« e e o o oo o -
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ums. In fact, we have recently used these
ancient Chinese observations, along
with the more modern observations, to
improve the orbit calculations of Hal-
ley’s comet. On the basis of these calcu-
lations the search for Halley’s comet in
advance of its expected spectacular ap-
paritions of 1985 and 1986 is already
under way at several observatories.

DoNALD K. YEOMANS

Jet Propulsion Laboratory
California Institute of Technology
Pasadena

Sirs:

The speculation that Isaac Newton'’s
famous breakdown was actually the re-
sult of heavy-metal poisoning [*‘Science
and the Citizen”; SCIENTIFIC AMERICAN,
December, 1979] is both plausible and
suggestive of the possibility that a simi-
lar misfortune may have befallen anoth-
er giant of physics.

In 1839 Michael Faraday, following
the period of his most brilliant work,
suffered a breakdown characterized by
debilitation and loss of concentration so
severe that he was unable to continue his
researches until 1844, when he partially
recovered. Faraday was in the habit of
performing both chemical and electrical
experiments involving mercury, and it
seems likely that he inhaled its vapors. It
would be interesting if some chemical
evidence of the kind employed in New-

-
| 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 accom-
panied by postage.

Advertising correspondence should be addressed to C.
John Kirby, Advertising Director, SCIENTIFIC AMERI- |
CAN, 415 Madison Avenue, New York, N.Y. 10017.

Offprint correspondence and orders should be ad-
dressed to W. H. Freeman and Company, 660 Market
Street, San Francisco, Calif. 94104. For each offprint
ordered please enclose 40 cents. |

Subscription correspondence should be addressed to |
Subscription Manager, SCIENTIFIC AMERICAN, 415
Madison Avenue, New York, N.Y. 10017. For change |
of address, notify us at least four weeks in advance.
Send both old and ncw addresses and enclose an ad- |

| dress imprint from a recent issue. (Date of last issue on
your subscription is shown at upper right-hand corner of |
each month's mailing label.)

Name

New Address

Old Address




WANTED:

Oral hygiene innovations
to buy or license

for marketing by a major health care company

If you have a new product or tech-

nology that provides better care of
the teeth or mouth, this is a unique
opportunity to sell or license your
innovation.

Check the list on the right.

We're actively seeking develop-
ments in these categories on
behalf of one of the largest health
care companies in the world.

No cost to you

Our client wants to buy or license
new oral hygiene products to be
marketed in the immediate years
ahead. That’s why they are spon-
soring this search program, paying
its cost 100% . That’s why it is
entirely free to you.

This company is especially
interested in products that are
truly functional, that help fill
human needs. One ideal example
might be a mouthwash that fights
plaque like dental floss...or a denti-
frice that encourages children to
brush long enough ... or a truly
practical way to clean your mouth
away from home.

Whatever your innovation, it

WANTED:

(] DENTIFRICES

(0 MOUTHWASHES

(] ANTI-PLAQUE PRODUCTS

(J ANTI-TARTAR PRODUCTS

(J PERIODONTAL PRODUCTS

(J TOOTH BRIGHTENERS

(] DENTAL-FLOSS
IMPROVEMENTS

(J TOOTHBRUSHES

(J HOME DENTAL
APPLIANCES

() BREATH-FRESHENERS

(] DENTURE PRODUCTS

(J OTHER ORAL HYGIENE
PRODUCTS

will receive thoughtful considera-
tion for inclusion in our Oral
Hygiene Report Book. Assuming
that it interests our client, you will
be contacted by them directly to
discuss details of the innovation
and terms for an option or license

or purchase agreement. Whatever
happens, you owe us nothing.

What we seek

Patented inventions are welcome.
So are patent-pending situations,
and innovations that rest on secret
know-how — providing your dis-
closure is strictly limited to non-
confidential information. (If in
doubtabout what to disclose, con-
sult your patent attorney.)

How to proceed

Read the statement in the coupon
below. If it expresses your intent,
simply fill out the coupon, sign it,
and mail it to us now with a non-
confidential description of your
innovation. This is the fastest way
to benefit from this opportunity.

On the other hand, if you'd pre-
fer to know more about PRI before
making a submission, simply
check the box at the bottom of the
coupon and we’ll send you a
description of how we work and
our credentials.

Don’t miss out. Tear out this ad
as areminder, and write us now.

-------------------------------------------------1

credentials.

(J1 do not choose to make a disclosure now, but would appreciate receiving more information about PRI and its

F .

1 Product Resources International, Inc. '
: Att: Oral Hygiene Search, 90 Park Avenue, New York, N.Y. 10016 :
1 Please consider the enclosed information on my innovation (named below) for inclusion in your Oral §
1 Hygiene Report Book. I agree that this information and all subsequent disclosures to PRI on this innovation 1
1 shall be non-confidential. This disclosure creates no obligation or liability between PRI and myself. Iam 1
: over 21 years of age and have the right to disclose this information. :
: Title of Innovation: :
: Signature :
: Name :
1 (please print) P
B Address Phone_( ) ]
' State & 1
§ City Zip Code (]
i ]
l 1
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THE SHIP THAT
BROUGHT AMERICA ITS
TASTE FOR SCOTCH.

ULTY SA

AR & T CUPFIE fmp
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How to Argue and Win!

Here is a clear simply written basic guide to
IoHicaI thinking, showing how to spot the
fallacies, the prejudices and emotionalism,
the inappropriate analogies, etc., in the
other fellow's argument and how to watch
for and avoid the irrational in your own
judgments. The author makes plain not
only how but also why people resist facing
the truth.
A tool for clear thinking as well as con-
vincing others.
$7.95 plus 95¢ handling

THE ART OF ARGUMENT by Giles St. Aubvn

FOR FUN AND PROFIT

This exciting pursuit combines the chal-
lenge of detective work . . . the thrill of
spotting sensational “buys” . . . the satis-
faction of knowing when someone else’s
big flashy “diamond isn't . . . and the op-
portunity for hi h'!‘y paid, spare-time earn-
ings. GEM TESTING, bible of amateur and
: - professional alike, is a remarkably simple,
lavushl( illustrated book by B. W. Anderson, director of London's
world famed Precious Stone Laboratory. Anderson has examined
more gems than any man in history.

Now he shows you step-by-step the high speed methods by
which he unerringly identifies precious stones. Emphasis
throughout the book is on rapid examination with the naked eye.
This FIRST AMERICAN EDITION of GEM TESTING tells, shows
and explainseverythingyou need to know. Cnplouslx llustrated.

only $10.95 plus 95¢ handling.
Math

Without Tears

Using non-technical language and a light
touch Roy Hartkopf gives you a basic un-
derstanding of many everyday applications
of mathematics. He takes the reader from
simple counting to trigonometry and cal-
culus, emphasizing the practical aspects of
math. Humorously written,

Learn math in the comfort of your own home
at minimum cost.

$8.95 plus 95¢ handling

No handling charge on 3 books or more!
EMERSON BOOKS, INC.

Dam. 771-E. Buchanan, NY 10511
10-Day Money-Back Guarantee
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Historic pictures taken by NASA's
planetary missions, by Astronauts, or
with giant telescopes are now avail-
able expertly mounted, framed, and
ready to hang. These colorful wall
hangings combine science and tech-
nology with exploration, conquest,
and imagination into a product wor-
thy of America’s space achieve-
ments. Beautiful and decorative for
home or office. VOYAGER-VIKING
pictures available. Send $1.00 for
color folder.

Space Art 178 “C’” Avenue
Coronado, CA92118
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ton’s case could be found to either prove
or disprove this hypothesis.

RicHARD B. KIDD

City College of San Francisco
San Francisco, Calif.

Sirs:

The description of the cover of your
November 1979 issue, showing dung
beetles rolling a ball of elephant dung,
states that the female “will ride along
passively” on top of the ball.

I am not persuaded that this is strictly
true. If the female walks forward on top
of the turning ball (backward in relation
to the ground), she contributes to its ro-
tation as a logroller spinning a log in the
water does. Further, if she is not precise-
ly on top of the ball but is on its forward
curve, then she is climbing up the ball
and her weight contributes to its rota-
tion as does the weight of a circus bear
that stands on a ball and rolls it up an
incline.

You have not given Mom any credit
for helping Pop, if indeed she does.

PENDLETON TOMPKINS, M.D.

San Mateo, Calif.

Sirs:

In your department *‘Science and the
Citizen” for November, 1979, you cov-
ered some of the work of our laboratory
on gluons. ... I want to congratulate you
on a very informative article.

Still, I hope you will not mind if I
make a few comments. You say that the
first detailed analysis of the results has
been reported by a group led by Samuel
C. C. Ting. I should like to remark that
the TASSO experiment had reported
first preliminary results at the European
Physical Society conference in Geneva
in July, and detailed and complete ac-
counts of their work were presented by
all four PETRA experiments (JADE,
MARK J, PLUTO, TASSO) at the Fer-
mi National Accelerator Laboratory
conference in August. Indeed, I believe
it was the results of the four experi-
ments’ corroborating and complement-
ing one another that made the discovery
of the gluon convincing.

It is also mentioned in the article that
the third (the gluon) jet cannot be clearly
resolved from the other two jets. Clear
and beautiful pictures of three-jet events
have been obtained by TASSO, and
there are a lot more also from the other
experiments. I believe we are now well
on the way to investigating the charac-
teristics of the gluon.

H. SCHOPPER

Deutsches Elektronen-Synchrotron
Hamburg



MORE CAPABILITIES THAN
ANY OTHER PERSONAL COMPUTER
UNDER $1,000°

Compare the built-in features of the
ATARI* 800™with other leading personal
computers. Whether you program it
yourself or use pre-programmed car-
tridges or cassettes, the ATARI 800 gives
you more for your money.

Run your own programs? Easy. Just
plug in the 8K BASIC or optional
Assembler language cartridge, and
go. Theyre ROM based That means
more RAM for your programs.

Also included with the ATARI 800 is
an infernal speaker and four separate
sound channels, FCC approval, a
built-in RF modulator, the ATARI 410™
Program Recorder and a high speed
serial 1/0

Peripherals? Add up to 48K of
user installable RAM. Or up to four
individually accessible floppies

A high-speed printer. And more fo come,

Graphics programs? No problem. The
ATARI 800 offers 128 color variations
16 colors in 8 luminance levels, Plus
29 keystroke graphics symbols and 8
graphics modes. All controlled from a
57 character ASCI| keyboard. With upper
and lower case

Or, program it our way. There are excit-
ing programs available and many more
on the way for the ATARI 800. Business
programs. Home Management pro-
grams. Entertainment. And with the 410
audio/digital recorder, you can add
Atari’'s unique Talk & Teach™Educational
System casseftes

" y Bl
MY U ST I TR T
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Your way or our way,you'll find thot
the ATARI 800 is probably the most
powerful computer that $999.99°
can buy

And with that power, you get depend-
ability Dependability built info Atari's
custom designed and fully-tested LSI cir-
cuitry and lower companent count, (less
components, less chance for failure)

But if anything ever does go wrong,
you'll find a complete network of
computer-connected Atari service facil-
ities waiting for you throughout the
country

Make your own comparison. Hands
on. Anywhere computers are sold. Or,
send for a free chart that compares

the features of the ATARI 800 to
other leading fully-programmable
computers

“Suggested refail price $999 99, includes
Computer console, Brogram recorger
ond BASIC languoge carndge




Chez Renault

Profiles from the Paris Factory/One of a series

i

As a 16-year-old student | spent the very
first working summer of my life at the Renault plant

near Paris, inspecting gear-box assemblies.

To my surprise I soon learned this industrial giant had
a very human side. With this insight, the whole
direction of my life changed. Now, more than thirty
years later, this human side of car-making
continues to absorb me.’

Dr. Claude Tarriere

Chef, du Laboratoire de Physiologie et de
BiomecaniquelLa Garenne-Colombes
Ingénieur Principal de la Direction

Recherches et Développements Appliqués/

Régie Renault

Co-professionals throughout the
world as well as co-workers in France
know Claude Tarriere as one of the
handful of men who spend their
work days trying to make driving
today safer than it was yesterday In
countless scholarly papers delivered
at professional symposia throughout
the world, in the development of
new research and testing techniques
that have become industry standards,

| Tarriere demonstrates that putting
| human needs first is an appealing old

Gallic idea whose time has come —
again. "After all says Tarriere, "we
humans were here first. cars were

| meant to serve us, not to take over”

@

| Recalling his long-ago summertime

‘job, he continues, ‘I suppose it was
rare, thirty years ago, for a bacca-
laureate candidate in France to
spend a summer gainfully employed
rather than anxiously cramming for
exams. But as a working class boy; |
had to work, for| had made my

mind up to become a doctor" After
getting his medical degree, Tarriere
went on to the Sorbonne where he

| completed a research thesis on

Nervous Fatigue "Having made all
these scholarly efforts, | was thought
odd by many when | went to work
for a car factory In some general,
unspecific way | hoped to be part of
the human side | had glimpsed that
summer in my teens. .. maybe some-
how to ‘help’ workers in the factory
Very soon | found my niche. And

it wasn't so much in the human side
of the industry. But, to my surprise,
in the human side of the product”

@
Today, Dr Tarriere heads up
Renault’s "Safety and Comfort"
Research "Safety and comfort” might
at first seem like a paradoxical
coupling— what have leg-room and
dashboard configurations to do with
safer driving> But when Tarriere dis-

[ cusses the inter-relationship of com-
| fort and safety he seems to be offer-
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| ing yet another Gallic insight that
(like many Gallic insights) sounds
like universal truth. “Comfort and
safety really do fit together After all,
when all the parameters of comfort
for the driver are successfully met,
the driver’s alertness, his responsive-
ness and, if you will, his safety-
quotient are all at their peak”

@

Another Tarriere nugget: “The
human body is also a suspension

| system. Before we can refine a car's
| suspension system, we must know,
| analyze and understand this human
suspension system. Only then can
we effectively relate one to the
other. .. only then can we make the
second work best for the first"
Tarriere's initial interest in auto-
mobiles may in part stem from his
father who in the early 20's worked
as an artisan-craftsman building
wooden coach bodies (un charron




forgeron) for the infant automobile
industry. When the depression found
Tarriere senior jobless, he returned to
his natal village of Montsrs (in the
Mayenne between Le Mans and
Brest) and to his original craft of mak-
ing horsedrawn wagon bodies and
handmade wood-and-metal wheels.
Tarriere remembers half-playing,
half-working at his father’s side and
fondly recalls his father often singing

at his work

Though there are no verified reports
of Dr. Tarriere singing at his work, all
indications are that he is absolutely
the right man in the right place
When he delivers one of his
scholarly papers (in San Francisco,
say, where his paper on “Pedestrian
Protection” was termed best of the
conference); or when he expands on
his field of “Ergonomics” (the multi-
discipline adaptation of the machine
to fit man's capability and physiolo-
gy); or when he discusses "Protection

Portrait by Marie Cosindas, 1979

Ciriteria," you might think he was
singing so rapt is his audience, so free
and outgoing his performance

W

Next to work, what Tarriere likes

best is testing himself with an old
fishing boat at a hide-away he rents on
an island off the wild Céte du Nord in
Bretagne. He fishes for mackerel, is
adapting his old fishing dinghy to sails
and, like fishermen all over the world,
contends with Madame Tarriere’s “lack
of enthusiasm for my fighting with the
elements — although she does like the
fish I bring home " The Tarrieres have
four daughters and two sons, ranging
in age from 11 to 21. Madame Tarriere
has recently returned to work; she is
involved in the celebrated "Re-travailler”
project that guides mature women
seeking to re-enter the work force. The
younger Tarrieres interests range from
the law and modern dance to
agriculture They exhibit much of the
parental creativity and openness. One
son having just back-packed up and
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down Africa for a year after his
baccalaureate is now ready to cease
‘being a spectator, anxious to become
a participant.” This description by
Tarriere of his son could be said to
echo Tarriere’s own attitude towards |
life: don't watch; participate. I

W@

In June of 1979, in ceremonies in
Paris, Tarriere was honored with an
award from the U.S. Department of
Transportation's National Highway
Traffic Safety Administration for

his contributions to automotive
safety research. His methods for labo-
ratory analyses have been adapted
for use by manufacturers throughout
the world. “When you develop in-
sights about how to make driving a
car safer, its not the sort of thing you
keep to yourself it's the sort of
thing you want everybody to know

right away”

“The outside world tends to think of
the French in terms of chic, luxury
and elegance; we French like to think
of ourselves as guided by good old-
fashioned bourgeois virtues— logic,
caution, common sense. Yet, it seems
to me, an important part of the
French national character has to do
with our all-too-human and repeated
strivings to explore new areas, to
extend knowledge, to test ourselves
even as we test old ways. Although
the elegance is appealing; although
the common sense is seductive; what
really makes the heart and mind

leap is a bounding forth into some
uncharted territory"

We welcome your comments,
questions or thoughts about any of
the above. Write to: Renault, USA,
Inc., Englewood Cliffs, N.J. 07632

RENAULT

the car company of France




50 AND 100
YEARS AGO

SCIENTIFIC
AMERICAN

MARCH, 1930: “Whether or not the
general reading public is to believe that
Professor Dayton C. Miller, the physi-
cist who over the past several years has
been re-performing at Cleveland and
Mount Wilson the famous Michelson-
Morley ether-drift experiment and ob-
taining with uniform consistency indica-
tions of an actual ether drift and hence
the existence of an ether, is out to ‘get’
the Einstein theory of relativity, which
dispenses with an ether, depends on
what one reads. Quite a large section of
the public has apparently become some-
what steamed up about these things, and
the Einstein-anti-Finstein battle has
taken on a new life. Let a world of blind
admirers and enraged detesters of the
theory beat the air with super-heated
syllables, Einstein serenely smokes his
pipe and says, ‘If Professor Miller’s re-
search is confirmed, my theory falls,
that’s all.””

“The steel industry controls even mat-
ters of a political nature, for the prin-
cipal problem in Europe’s political tan-
gle is no longer to maintain a ‘balance
of power’ but to maintain a ‘balance of
steel.” The world’s production has ris-
en to about 100,000,000 tons, valued
at current market prices at about $36
per ton. The greatest body of iron ore
in Europe was shared prior to the war
by France, Germany and Luxembourg,
and before the war Germany produced
more steel than did the other three
great steel-producing nations of the Old
World—England, France and Belgium—
combined, while the United States pro-
duced about the same total quantity,
about 40 per cent of the world’s annual
supply. By the Versailles Treaty, France
hoped to destroy Germany’s commer-
cial supremacy forever, for she thereby
got Lorraine and the main portion of
Germany’s western ore deposits. But
that has not won the economic battle
for France, because she did not win the
coal. She did not get the Ruhr coal de-
posits, and she got only a small part
of the Saar. In the meantime our own
steel production has been mounting.
Since 1916 we have produced more than
50 per cent of the supply of the en-
tire world.”

“To Prince Louis-Victor de Broglie,
brilliant French physicist, is due the
credit for first suggesting the new con-
cept of the wave atom. Since his first

16

publication of this revolutionary con-
cept it has been widely and frequently
discussed throughout the world of sci-
ence. Other capable workers, notably
Erwin Schrodinger of Germany, G. P.
Thomson of Scotland and C. J. Davis-
son and L. H. Germer of America, have
taken it up and extended it until there is
now a large literature about the wave
atom. For his original suggestion de
Broglie has just been awarded the 1929
Nobel physics prize. What de Broglie
did was to synthesize some of the main
concepts of physics that previously
seemed contradictory. His hypothesis,
as it has been put by the American phys-
icist Paul R. Heyl, ‘was that every mass-
particle was surrounded by a group of
waves traveling with the particle as a
sort of bodyguard.” Thus electrons, the
fundamental basis of matter, have some
of the qualities of light; matter becomes
less material and light more material,
suggesting a kind of merger of previous
concepts.”

MARCH, 1880: “A little over 30
years ago grain was imported to this
country from southern Russia. Dur-
ing the crop year on which the coun-
try is now entering it is certain that
160,000,000 bushels of wheat will be
exported to Europe, and the amount
may reach 200,000,000 bushels. The de-
mand last year from Europe was 159,-
000,000 bushels out of a crop estimat-
ed at 420,000,000 bushels. The lowest
estimate yet made places the 1880 crop
at 360,000,000 and the highest at 440,-
000,000; a crop of 420,000,000 may be
reasonably counted upon. This is an in-
crease in 10 years of 133,000,000 bush-
els in the annual wheat production of
this country, and an increase nearly
equal to the total wheat harvest of 20
years ago.”

“The House Committee on the Inter-
oceanic Canal lately had before it Mr.
Menocal, Civil Engineer, United States
Navy, who has made several surveys on
the isthmus, and heard his statement as
to the relative advantages and disad-
vantages of the Nicaragua and Panama
routes. Mr. Menocal strongly favored
the Nicaragua route as being 660 miles
shorter between San Francisco and New
York. He expressed his conviction that
the cost of the Nicaragua canal would
not exceed $70,000,000, while that of
a sea-level canal via the Panama route
would probably be $400,000,000.”

“The Garrett submarine torpedo boat,
invented by the Rev. G. W. Garrett of
England, has the power of sinking and
remaining under water for very many
hours and thus can easily enter any
blockaded port unperceived. Where ear-
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lier vessels of this type have lacked for
a mechanical means of propulsion, Mr.
Garrett’s boat is driven by steam. It
has a coal-fired boiler and a retractable
smokestack. The fire has to be extin-
guished before the vessel can submerge
or it would exhaust the air in the vessel,
but enough steam remains in the boiler
for traveling several miles under water.
The air in the boat is maintained at its
normal composition by a chemical ap-
paratus invented by Mr. Garrett. In De-
cember last Mr. Garrett, Captain Jack-
son and Mr. George Rice entered the
boat in the Great Float, Birkenhead, to
start for Portsmouth, but after 36 hours’
journey in thick fog, a great part of the
time being spent under water, they had
to put into Rhyl, there not being many
comforts on board for an extended trip.
The boat, the inventor tells us, is in
every way a success and thus becomes
one of the deadliest of all weapons of
naval warfare.”

“At Shaw’s Water Chemical Works in
Greenwich the motive power to drive a
circular saw, a turning lathe and a ver-
tical boring machine is furnished by
electricity. Two Siemens dynamo-elec-
tric machines and a water turbine are
employed. The turbine is driven by a
neighboring waterfall, and one of the
machines is driven by the turbine. The
current from this machine is conveyed
to a second machine in the workshop
150 yards distant and keeps the latter
going. From this machine the tools are
driven by belting.”

“At a late public meeting in London
Mr. Ernest Hart delivered an important
address on the relations of smallpox
vaccination to public health. Dr. An-
drew Clarke presided, and in introduc-
ing the speaker he remarked that ever
since the introduction of vaccination
there had been two opinions on the sub-
ject. One party had held that it was an
almost unmixed good to mankind—that
it had checked the ravages of a loath-
some disease, and that the dangers of
this disease had been so lessened that its
fatality was almost banished in those
who were vaccinated. On the other
hand, the opponents of vaccination held
that it was an almost unmixed evil—that
it had lessened neither the disease nor
the mortality from it, that it had intro-
duced other diseases into the human
frame and that for those who practiced
it hanging was too good. Mr. Hart re-
marked that if the like mortality oc-
curred in England to that which was
constant before vaccination, the annu-
al death rate from smallpox would be
70,000. Before the days of vaccination
a third of all the deaths of children
arose from smallpox, and all classes suf-
fered equally from it. This was instanced
from the fact that King William III had
lost his wife, his mother and his father
to the disease.”



Forgivably Expensive

This is Boodles. Imported from Britain for the individual who
thinks it unforgivable to make a martini or tonic drink with anything less than
an ultra-refined British gin. The individual who desires incomparable pleasure
that only the world’s costliest methods could produce.
Yes, Boodles is expensive. But, forgivably so.

Boodles. The worlds costhest Bntlsh gin.

34 4 Prool. Distilled From Gran NY.NY 100
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INTRODUCING
P '050

A NEW WORLD OF
PERSONAL-PROFESSIONAL
COMPUTATION.

Imagine the new world that
would unfold before you if you had
a powerful, portable, completely
integrated computer system at your
personal disposal. And at an afford-
able price. That’s exactly what
Hewlett-Packard has just created.

THE HP-85: A PERSONAL
COMPUTER FOR
PROFESSIONALS.

At the lab, on your desk or in your
study this 20-pound, self-contained
system provides professional com-
puting power when and where you
need it. That means no more waiting
for data to be remotely processed
and returned.

A COMPLETE COMPUTER
SYSTEM IN ONE SMALL
PACKAGE.

You get all this in the HP-85:
Interactive graphics under keyboard
control.
16K RAM Memory standard.
Standard typewriter keyboard with
separate numeric key pad and eight
user-definable special function keys.
High resolution CRT display with
powerful editing capability.

Built-in thermal printer produces

a hard copy of the display on

command.

Built-in tape cartridge drive. Each

cartridge provides 217K bytes of

storage capacity.

Operating system and BASIC lan-

guage, permanently stored in ROM.
A SOPHISTICATED COMPUTER

AT YOUR FINGERTIPS.

Hewlett-Packard has combined
these sophisticated capabilities
with advanced design to give you
a system that is easy to use yet
uncompromised in its power.

A key to this achievement is
Hewlett-Packard’s choice of BASIC

for the HP-85'’s language. BASIC

is easy to learn and lets you solve
complex problems in an English-

like, conversational style.

Sixteen graphic commands have
been added to the HP-85’s extended
BASIC to give you easy control of its
amazingly versatile graphic capa-
bilities. You can draw graphs, label
axes, set the scale of the X and Y
axes independently, plot data and
control the graphics display either
from the keyboard or in programs.

Other advanced capabilities
include software security, flexible
string commands, an internal clock,
programmable beeps —more than
150 commands and statements to
give you the power you need to solve
your problems swiftly and easily.

DESIGNED FOR TODAY
AND TOMORROW.

Whether you'’re in science,
engineering, industry or business,
the HP-85 you need today can easily
be expanded or customized to meet
your needs tomorrow.

You can double RAM capacity to
32K or expand ROM firmware to
80K with optional modules that
plug right into the HP-85.

It’s easy to enhance the system’s
capability by adding powerful HP
peripherals like a high-speed, full-
width line printer, full-size plotter,
or flexible disc drives.

You can also streamline your
problem solving with HP Application
Pacs which offer preprogrammed
solutions in a wide variety of
disciplines on prerecorded magnetic
tape cartridges.

The HP-85’s versatility, expand-
ability and sophisticated simplicity
all grew out of Hewlett-Packard’s
underlying principle of excellence
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by design. Excellence by design
means rigorous quality control and
testing as well as a worldwide main-
tenance support network.

When you buy the HP-85, you're
not just buying a computer system,
you're buying the confidence that
the Hewlett-Packard name brings
and the knowledge that the HP-85
can expand with your changing
needs.

For the address of your nearest
HP dealer, CALL TOLL-FREE
800-648-4711 except from Alaska
or Hawaii. In Nevada, 800-992-5710.
For details on the HP-85, send the
attached coupon, or write: Hewlett-
Packard, 1000 N.E. Circle Blvd.,
Corvallis, OR 97330, Dept. 236P.

HEWLETT
(ﬁ/' PACKARD

619/20

HEWLETT-PACKARD
Dept. 236P

1000 N.E. Circle Blvd.
Corvallis, OR 97330

Please send details on HP-85.
NAME
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|
|
|
|
|
I
|
|
I
I
I
|
|
|
|
I
|
)
I
I
|
|
I
|
|
|

|
|
|
|
|
|
|
|
|
|
i
| TITLE
1
|
|
|
|
|
|
|
|
|
|




Today begins a revolution.

The Contax 139 Quartz:
At last, 100% precision.

World’s first Quartz controlled camera. The long tional design of this 2 fps winder allows for stable and
awaited compact Contax 139 Quartz is here. A unique comfortable handling. It also features a convenient
35mm SLR, employing a consistently accurate quartz vertical shutter release.

oscillator for unprecedented precision. A quartz accu- Perfect flash exposures with the TLA-20 Auto
racy working within the camera extends to all of its Flash. A through-the-lens Direct Flash Control system

electronic accessories. Never before has a cam-
era enjoyed this extreme level of exact-
ness.

Two independent SPD melering
systems in one, The metering systems
use an ultra-sensitive prism sensor for
normal CXposures and an inslania-

provides exact exposures at any aper-
ture and total accuracy with any lens
accessory, including bellows.
A dramatically innovative Carl
Zeiss lens. A 7-element Planar T°
50mm /1.7 lens is standard. And
Zeiss, renowned for optical excel-
lence, offers a full line of lenses
including: the Vario-Sonnar T*
/3.5 40 to BOmm zoom; the S-Plan-

neous response film plane sensor for
flash photography
Exposure memory for critical

melering. Conveniently located ar T* /2.8 60mm macro: the "Olym-
Auto Exposure (AE) control locks ex- pia” Sonnar T* {/2.8 180mm telepho-
posure setlings to get the best pos- to, and more

sible expasure in unusual lighting And the technological revolu-
situations. CONTAX tion continues. An LED flashing
Speed-of-light “"pulse” view- TLAZ0 Quartz self-timer with reset capability;
finder display. Quartz accuracy read- feather-touch electro/magnetic shutter
out uses 16 bright LED's for full-informa- release; infrared and radio remote con-
tion on all modes of exposure including trol units as well as 200 other highly
flash, the AE control and battery status, e P R sophisticated accessories.

And the exposure preview automati- " sb See this exciting revolution at your
cally turns off after 10 sec- - &,_ —5 local Yashica/Contax dealer.
onds, P *[ri:'*-_’) ; "= % Yashica, Inc., 411 Sette Drive,

= Paramus, New Jersey 07652/In

'!s‘:g' ~Canada: Yashica Canada, Inc.,
< Ontario.
. pm-,'t',

Exclusive Aulo
Winder for easy
control. The func-
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THE AUTHORS

HAROLD W. LEWIS (“The Safety
of Fission Reactors”) is professor of
physics at the University of California
at Santa Barbara. A graduate of New
York University, he obtained his Ph.D.
in 1948 from the University of Califor-
nia at Berkeley, where he studied phys-
ics under J. Robert Oppenheimer. After
teaching for a time at Berkeley, fol-
lowed by a year as a visiting member
of the Institute for Advanced Study in
Princeton, N.J., he joined the technical
staff of Bell Laboratories in 1951. He
returned to academic life in 1956, be-
coming professor of physics first at the
University of Wisconsin and later at
Santa Barbara. In recent years Lewis
has become deeply involved in both the
technical and the public-policy aspects
of nuclear-reactor safety; he was chair-
man of the American Physical Society’s
study group on light-water-reactor safe-
ty in 1975, and two years later he was
appointed chairman of the Risk Assess-
ment Review Group, a special commit-
tee convened by the Nuclear Regulato-
ry Commission to review the findings
of the earlier Reactor Safety Study (also
known as the Rasmussen report); he
continues his involvement as a member
of the NRC’s Advisory Committee on
Reactor Safeguards.

MAURICE JACOB and PETER
LANDSHOFF (“The Inner Structure of
the Proton”) are theoretical physicists
with a common research interest in the
interactions of elementary particles at
high energies. Jacob is on the staff of
the European Organization for Nuclear
Research (CERN). A French citizen, he
was graduated from the Ecole Normale
Supérieure in Paris in 1957 and received
his doctorate in science from the same
institution in 1961. He has been affiliat-
ed with CERN since 1967. Jacob’s work
involves close contacts with physicists at
accelerator laboratories in other coun-
tries, including France and the U.S,
and he currently serves this internation-
al community of scholars as editor of
Physics Reports. Landshoff, who is read-
er in mathematical physics at the Uni-
versity of Cambridge, obtained his
Ph.D. from Cambridge in 1962 and has
been a fellow of Christ’s College there
since 1963. A specialist in parton phys-
ics and quantum chromodynamics, he is
the coauthor, with A. J. F. Metherell, of
Simple Quantum Physics, an introducto-
ry undergraduate textbook published
last year by Cambridge University
Press that applies quantum mechanics
to the theory of lasers and transistors.

PETER V. ADDYMAN (“Ebura-
cum, Jorvik, York”) is director of the
York Archaeological Trust, an organi-

zation he was instrumental in setting up
in 1972. Himself a Yorkshireman, he
was graduated from the University of
Cambridge. Before taking up his present
work he was lecturer in archaeology at
the Queen’s University of Belfast and at
the University of Southampton. During
his years on university faculties he con-
ducted excavations at a number of An-
glo-Saxon towns and villages in Devon-
shire, Hampshire and Northampton-
shire. He also uncovered Henry III’s
great hunting castle at Ludgershall in
Wiltshire. Addyman currently serves as
vice-president of the Royal Archaeolog-
ical Institute and as chairman of the
Standing Conference of Unit Managers,
a group of British archaeologists con-
cerned with rescue excavations.

EDWARD RUBENSTEIN (“Diseas-
es Caused by Impaired Communication
among Cells”) is associate dean of post-
graduate medical education and profes-
sor of clinical medicine at the Stanford
University School of Medicine, where
he has been a member of the faculty for
the past 25 years. He is also editor-in-
chief of Scientific American Medicine, a
new, regularly updated reference text
for practicing physicians. Since receiv-
ing his M.D. from the University of Cin-
cinnati College of Medicine in 1947, he
has devoted himself mainly to the study
of thromboembolic disease and to the
development of improved methods of
education and communication in both
basic and applied medical science. In
line with the latter interest he recently
served as writer-producer for the Pub-
lic Broadcasting Service’s documentary
“Being Human,” a television program
dealing with “the physical and behavior-
al characteristics that set human beings
apart from other creatures.” A long-
time avocational interest in the field of
particle physics has led Rubenstein to a
current research project on,the use of
synchrotron radiation for noninvasive
angiography.

FRED L. WHIPPLE (“The Spin of
Comets”) is Phillips Professor of As-
tronomy emeritus at Harvard Universi-
ty and senior scientist at the Smithsoni-
an Astrophysical Observatory, of which
until his recent retirement he had been
director since 1955. He went to Harvard
in 1931, the year he received his Ph.D.
from the University of California at
Berkeley. He remains affiliated with the
Center for Astrophysics of the Harvard
College Observatory and the Smithsoni-
an Astrophysical Observatory. His re-
search, he writes, “centers on physical
processes in the evolution of the solar
system. My recent work is mostly on
comets, determining the rotation peri-

© 1980 SCIENTIFIC AMERICAN, INC

TDK picked me,
| picked them?

Stevie Wonder-

Stevie is a perfectionist through
and through. He records a song -
track by track. Plays itback count-
less times to check quality and
performance.

We felt we had a lotin common
with Stevie. Each TDK cassette
has 250 components, assembled
with microscopic precision.
There are 1,117 check points for
the shell alone. TDK is tested
under extremes of heat, humidity
and shock. It performs brilliantly.
Which is why each TDK package
has a full lifetime warranty.*

As we discovered, Stevie has
been using TDK cassettes for
years. Long before we thought to
ask him. For a perfectionist, that
says a lot.

*in the unlikely event that any TDK cassette ever A
fails to perform due to a defect in materialsor us
workmanship simply return it to your local 5
dealer or to TDK for a free replacement. Ny

Supplier to the U.S. Olympie Team "o

Look for TDK in bright
new pa es

The Amazing Music Machine.
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WANTED:

New products and technologies
to buy or license

Check the list on the right.

Does your new product or technol-

ogy fall into one of these categories? If
so, you should consider contacting us.

We’re searching for such innova-

tions on behalf of a group of major
health-care companies in the U.S.,
Europe and Japan.

No cost to you

These companies want to buy or
license new products that they can
bring to market. They also want new
developments that can improve and
strengthen their existing brands.
That’s why they are sponsoring this

search, paying its cost 100%.

It is

entirely free to you.

Every four months, we report to

these companies on innovations that
we feel have outstanding merit. Our
reports, known collectively as the
NEW PRODUCT/TECHNOLOGY SOURCE
BOOK, are read by top executives with
an interest in licensing and acquisi-
tion. Thus your innovation is seen by
many potential buyers simultaneously.

If your innovation awakens an inter-

est, the company will contact you
directly, to discuss details lead-
ing to a licensing or purchase agree-
ment. Whatever happens, you owe us
nothing.

How to proceed

Read the statement in the coupon
below. If it expresses your intent, sign

Toiletries

(] ORAL HYGIENE

(0 HAIR-CARE

(J SKIN CARE

(0 PERSONAL GROOMING

Health-Care

(0 Rx and NON-Rx DRUGS
(] DIAGNOSTICS

[0 DERMATOLOGICALS
] DEVICES

(] DISPOSABLES

it and send it to us with a non-

confidential description of your
invention.

Patented inventions are welcome.
So are patent-pending situations, and

innovations that rest on secret know-

how — providing your disclosure is

strictly limited to non-confiden-

tial information. (If in doubt about
what to disclose, consult your patent
attorney.)

Within a month or so, we’ll contact
you with our reactions and questions
.. and our decision as to whether or
not we feel it belongs in the SOURCE
BOOK.

Don’t miss out. Tear out this ad as a
reminder, and write us now.

r---——--—--—-——--————-—-—--—-

PRODUCT RESOURGES INTERNATIONAL, INC. |

90 Park Avenue, New York, New York 10016

[ . N —————————————————

Please consider the enclosed information on my invention (named below)
for inclusion in the NEW PRODUCT/TECHNOLOGY SOURCE BOOK. I agree that this
information and all subsequent disclosures to PRI on this invention shall be
non-confidential. This disclosure creates no obligation or liability between
PRI and myself. I am over 21 years of age and have the right to disclose this

information.

Title of innovation

Signature

Name

(please print)

Address

Phone )

State &

City

Zip Cinde,

[ 1 do not choose to make a disclosure now, but would appreciate receiving more |

information about PRI and its credentials.

(3%
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ods of their nuclei and evaluating the
significance of these results with regard
to the physical nature of comets and
their origin. I also spend considerable
effort in advising on and encouraging
space missions to comets.” Whipple is
discoursing on comets for the third time
in SCIENTIFIC AMERICAN; his first arti-
cle, titled “Comets,” was published in
July, 1951.

RICHARD E. DICKERSON (“Cyto-
chrome ¢ and the Evolution of Energy
Metabolism”) is professor of chemistry
at the California Institute of Technolo-
gy. A graduate of the Carnegie Institute
of Technology, he obtained his Ph.D. in
physical chemistry from the University
of Minnesota in 1957. After a year of
postdoctoral training at the University
of Cambridge and four years on the
faculty of the University of Illinois he
moved to Cal Tech in 1963. A specialist
in the X-ray analysis of the structure
of crystalline proteins, he is the author
or coauthor of six textbooks on chemis-
try, biochemistry and biology. This is
Dickerson’s third article for SCIENTIFIC
AMERICAN; his last, “Chemical Evolu-
tion and the Origin of Life,” appeared
in the issue on evolution for Septem-
ber, 1978.

CLIFF FROHLICH (“The Physics of
Somersaulting and Twisting”) is a seis-
mologist at the Marine Science Institute
in Galveston, Tex., a geophysics labora-
tory associated with the University of
Texas at Austin. He was introduced to
both physics and diving, he says, “as a
sophomore at Grinnell College in 1966,
and in spite of an undistinguished career
as a diver I went on to receive my Ph.D.
from Cornell University in 1976. My re-
search on twisting somersaults began af-
ter a trampoline accident forced my in-
terest in twists to change from the real to
the academic.”

WILLIAM G. EBERHARD
(“Horned Beetles”) works at the Univer-
sity of Costa Rica and the Smithsonian
Tropical Research Institute in the Pana-
ma Canal Zone. His degrees are from
Harvard University: an A.B. in 1965
and a Ph.D. in 1969, the latter awarded
for a thesis on the ecology and behavior
of an orb-weaving spider. From 1969 to
1979 he was a member of the faculty at
the Universidad del Valle in Colombia.
He writes: “Early in graduate school I
learned how incredibly little is known
about the ecology and behavior of in-
vertebrates, even in comparatively well-
studied areas such as the northeastern
U.S,, let alone in the Tropics. Since then
I have more or less let my fancy dictate
my research interests.” In Eberhard’s
present tropical setting his fancy has led
him to study a variety of insects, includ-
ing flies, wasps, bugs, damselflies, bee-
tles and moths.



More than just
an exciting destination
for your (inter) national meeting.

This is where things are happening. Through our contacts
you can reach Science and Technology, Trade and Industry,
Theater, Art and Business too. Give us a call or write.

We'll send you the facts or brief you in person.

International Congress Center Berlin
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icC — CELD Company for Exhivitons
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MATHEMATICAL
GAMES

Graphs that can help cannibals, missionaries,

wolves, goats and cabbages get there from here

by Martin Gardner

Stranger in car: “How do I get to the
corner of Graham Street and Harary
Avenue?”’

Native on sidewalk: “You can’t get
there from here.”

any set of points joined by lines, and

a simple graph is defined as one that
has no self-loops (lines that join a point
to itself) and no parallel lines (two or
more lines joining the same pair of
points). If an arrowhead is added to each
line of a graph, giving each line a direc-
tion that orders its end points, the graph
becomes a directed graph, or digraph
for short. Digraphs are the subject here,
and the old joke quoted above is appro-
priate because on some digraphs it is
actually impossible to get from one
specified point to another.

A digraph is called complete if every
pair of points are joined by a line. For
example, a complete digraph for four
points is shown at the left in the illus-
tration below. The figure at the right is
the adjacency matrix of the digraph,
which is constructed as follows. Think
of the digraph as a map of one-way
streets. Starting at point 4, it is possible
to go directly only to point B, a fact that
is indicated in the top row of the matrix
(the row corresponding to 4) by putting
a 1 in the column corresponding to Band

In graph theory a graph is defined as

a 0 in all the other columns. The remain-
ing rows of the adjacency matrix are de-
termined in the same way, so that the
matrix is combinatorially equivalent to
the digraph. It follows that given the
adjacency matrixitiseasytoconstructthe
digraph.

Other important properties of di-
graphs can be exhibited in other kinds of
matrixes. For example, in a distance ma-
trix each cell gives the smallest number
of lines that form what is called a direct-
ed path from one point to another, that
is, a path that conforms to the arrow-
heads on the graph and does not visit
any point more than once. Similarly, the
cells of a detour matrix give the number
of lines in the longest directed path be-
tween each pair of points. And a reach-
ability matrix indicates (with 0’s and 1°s)
whether a given point can be reached
from another point by a directed path
of any length. If every point is reach-
able from every other point, the digraph
is said to be strongly connected. Other-
wise there will be one or more pairs of
points for which “you can’t get there
from here.”

The following theorem is one of the
most fundamental and surprising results
about complete digraphs: No matter
how the arrowheads are placed on a
complete digraph, there will always be a
directed path that visits each point

A o 78”7 B C D
, T { ‘
A ’ o | 1 0 0o |
‘ I
—_—— +— Y + —
‘ | i
8B 0 | 0 | 0 | 1
e
c 1 1 0 } 0

V N \

Complete digraph for four points (left) and its adjacency matrix (right)
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just once. Such a path is called a Hamil-
tonian path after the Irish mathemati-
cian William Rowan Hamilton. Hamil-
ton marketed a puzzle game based on a
graph equivalent to the skeleton of a do-
decahedron in which one task was to
find all the paths that visit each point
just once and return to the starting point.
A cyclic path of this type is called a
Hamiltonian circuit. (Hamilton’s game
is discussed in Chapter 6 of my Scientific
American Book of Mathematical Puzzles
& Diversions.)

The complete-digraph theorem does
not guarantee that there will be a Hamil-
tonian circuit on every complete di-
graph, but it does ensure that there will
be at least one Hamiltonian path. More
surprisingly, it turns out that there is al-
ways an odd number of such paths. For
example, on the complete digraph in the
illustration on this page there are five
Hamiltonian paths: ABDC, BDCA,
CABD, CBDA and DCAB. All but one
of them (CBDA) can be extended to a
Hamiltonian circuit.

The theorem can be expressed in oth-
er ways, depending on the interpretation
given the graphs. For example, com-
plete digraphs are often called tourna-
ment graphs because they model the re-
sults of the kind of round-robin tourna-
ments in which each player plays every
other player once. If 4 beats B, a line
goes from A4 to B. The theorem guaran-
tees that whatever the outcome of a
tournament is all players can be ranked
in a column so that each player has de-
feated the player immediately below
him. (It is assumed here that, as in ten-
nis, no game can end in a draw. If a game
did allow draws, they would be repre-
sented by undirected lines and the graph
would be called a mixed graph. Mixed
graphs can always be converted into di-
graphs by replacing each undirected line
with a pair of directed parallel lines go-
ing in opposite directions.)

Tournament graphs can be applied to
represent many situations other than
tournaments. Biologists have used the
graphs to diagram the pecking order of a
flock of chickens or, more generally, to
diagram the structure that any other
kind of pairwise dominance relation im-
poses on a population of animals. Social
scientists have used the graphs for mod-
eling dominance relations among peo-
ple or groups of people. Tournament
graphs provide a convenient means of
modeling a person’s pairwise prefer-
ences for any set of choices, such as
brands of coffee or candidates in an elec-
tion. In all these cases the theorem guar-
antees that the animals, people or ob-
jects in question can always be ordered
in a linear chain by means of the one-
way relation.

The theorem is tricky to prove, but to
convince yourself of its validity try la-
beling a complete graph of n points so
that no Hamiltonian path is created. The
impossibility of the task suggested the



‘Buick LeSabre.

Themorel

ogicalwe madeit,

the better looking itgot.

Without changing its character as an
elegant, 6-passenger automobile,
we've done some very logical things to
the new 1980 LeSabre. For instance,
compared with last year’s model, its
tires are designed to roll more freely.
The entire car is lighter. And it has
been reshaped, millimeter by
millimeter, to deal more decisively with
wind resistance.

There's impressive logic under the
hoods of our new LeSabres, too. The
even-firing 3.8 liter V-6 is standard,
and generates [18] EPA-estimated mpg
and 24 mpg on the highway. The
LeSabre Sport Coupe’s standard power
comes from a turbocharged version of
the 3.8. And the 4.1 liter V-6 is
available.
EPAEST.

EST. DRIVING
MPG. HWY. RANGE RANGE

24 |450| 600

The new 1980 LeSabre. We made
it more logical. And it got better look-
ing along the way. Talk to your Buick
dealer about buying or leasing one.

EST. EST. HWY.

Remember: Compare the boxed
estimates to the estimated MPG of
other cars. You may get different
mileage and range depending on your
speed, trip length and weather.
Estimated mileage and range will be
less in heavy city traffic. Your actual
highway mileage and range will
probably be less than the highway
estimates. Estimated driving range
based on EPA-estimated MPG rating
and highway estimates. These range
estimates are obtained by multiplying
LeSabre’s fuel tank capacity of 25
gallons by the EPA and highway
estimates. Estimates higher in
California.

Buicks are equipped with
GM-built engines supplied by various
divisions. See your dealer for details.

The 4.1 liter V-6 is not available in
California.
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An Encyclopedia of Science. For all who have an active interest in the

work of science, the new Index transforms the collected issues of SCIENTIFIC AMERICAN
into an encyclopedia of the substance and history of modern science. It is actually eight dif-
ferent indexes in one:
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Index to Topics—a rotated key-word index of the subject matter of all articles and Science and the
Citizen features (see above).

Index to Proper Names — the names of all persons mentioned in the articles and Science and the

Citizen and of places and institutions featured in a primary role.

Listing of Tables of Contents—a chronological listing of the complete contents of all 362 issues that
provides ready identification, by titles and authors, of the articles cited in the two foregoing indexes.

Index to Authors—an alphabetical listing of authors of all articles.

Index to Titles of Articles—an alphabetical listing of all articles by the first key word in each title,
and by the other key words in the title.

and reviewers.

Index to Book Reviews —a listing of the longer book reviews in three parts: authors of books, titles

Index to Mathematical Games—a listing of the puzzles, games and diversions presented in this

department since its inception in January 1957, under the editorship of Martin Gardner.

Index to The Amateur Scientist—a listing of all the projects, experiments and demonstrations pre-
sented in this department from April 1952 through February 1976 under the editorship of the late C. L. Stong

and from July 1977 through June 1978 under the editorship of Jearl Waker.
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“You people sure know how to organize an

. ”
index! —Donn P. Brazier, Director,

St. Louis Museum of Science and Natural History

“This index is an invaluable complement to thirty years of
SCIENTIFIC AMERICAN. Aside from the usual author and title indexes, there is a topic
index—a kind of permuted key-word index—which takes the reader-researcher below the

. . 12
level of title index. —New Technical Books,
The New York Public Library, July 1979
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SCIENTIFIC
AMERICAN 415 Madison Avenue, Dept. Cl, New York, N.Y. 10017

Yes,send me - copies of the new SCIENTIFIC AMERICAN
Cumulative Index to the 362 issues from May 1948 to June 1978, at the
price of $45 each plus $2.50 for shipping. If I enclose payment, you
will absorb the shipping charge.

] My check for $ is enclosed, saving me $2.50 shipping charges.
L] Bill me for $45 each copy, plus shipping.

Name

Address

City

State Zip

(Please add sales tax for California, Illinois, Massachusetts, Michigan, Ohio and New York.)
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BECAUSE the cork is the guardian of the wine, the corksmith judges the quality

choosing only the finest straight-grained Portuguese cork to protect our crisp French Colombard.

Every step we take, we take with care because

'THE WANE REMEMBERS

THE WINERY OF
ERNEST & JuLiO ", (8

French Colombard of Calif.
Ernest & Julio Gallo, Modesto, ("4
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following pencil-and-paper game to the
University of Cambridge mathemati-
cian John Horton Conway. Two players
take turns adding an arrowhead to any
undirected line of a complete graph, and
the first player to complete a Hamil-
tonian path loses. The theorem ensures
that the game cannot be a draw. Con-
way finds the play is not interesting un-
less there are seven or more points in
the graph.

The digraph in the top illustration at
the right appeared as a puzzle in the
October 1961 issue of the Cambridge
mathematical annual Eureka. Although
it is not a complete digraph, it has been
cleverly labeled with arrowheads so that
it has only one Hamiltonian circuit.
Think of the graph as a map of one-way
streets. You want to start at 4 and drive
along the network, visiting each inter-
section just once before returning to
A. How can it be done? (Hint: The cir-
cuit can be traced by a pencil held in ei-
ther hand.) Next month I shall give the
unique solution to this puzzle.

Digraphs can provide puzzles or be
applied as tools for solving puzzles in
innumerable ways. For example, the
graphs serve to model the ways a flex-
agon flexes, and they are valuable in
solving moving-counter and sliding-
block puzzles and chess-tour problems.
Probability questions involving Markov
chains often yield readily to a digraph
analysis, and winning strategies for two-
person games in which each move al-
ters the state of the game are frequently
found by exploring a digraph of all pos-
sible plays. In principle even the game
of chess could be “solved” by examining
its digraph, but the graph would be so
enormous and so complex that it will
probably never be drawn.

Digraphs are extremely valuable in
the field of operations research, where
they can be applied to solve complicated
scheduling problems. Consider a man-
ufacturing process in which a certain
set of operations must be performed. If
each operation requires a fixed amount
of time to perform and certain opera-
tions must be completed before others
can be started, an optimum schedule for
the operations can be devised by con-
structing a graph in which each opera-
tion is represented by a point and each
point is labeled with a number that rep-
resents the time needed for completing
the operation. The sequences in which
certain operations must be done are in-
dicated by arrowheads on the lines. To
determine an optimum schedule the di-
graph is searched, with a computer if
necessary, for a “critical path” that com-
pletes the process in a minimum amount
of time. Complicated transportation
problems can be handled the same way.
For example, each line in a digraph can
represent a road and can be labeled with
the cost of transporting a particular
product on it. Clever algorithms can
then be applied to find a directed path
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Find the unique Hamiltonian circuit

The game of Traffic Jam
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Matrix for the cannibal-missionary puzzle

that minimizes the total cost of shipping
the product from one place to another.
Digraphs also serve as playing boards
for some unusual board games. Aviezri
S. Fraenkel, a mathematician gt the
Weizmann Institute of Science in Israel,
has been the most creative along these
lines. (For a good introduction to a class
of digraph games Fraenkel calls annihi-
lation games, see “Three Annihilation
Games,” a paper Fraenkel wrote with
Uz Tassi and Yaacov Yesha for Mathe-
matics Magazine, Vol. 51, No. 1, pages
13-17; January, 1978.) In 1976 the ex-
cellent game Arrows, which Fraenkel
developed with Roger B. Eggleton of
Northern Illinois University, was mar-
keted in Israel by Or Da Industries and
distributed in the U.S. by Leisure Learn-
ing Products of Greenwich, Conn.
Traffic Jam, another Fraenkel game,
is played on the directed graph in the
bottom illustration on the preceding
page as follows. A coin is placed on each
of four spots: 4, D, F and M. Players
take turns moving any one of the coins
along one of the lines of the graph to an
adjacent spot as is indicated by the ar-
rowheads on the graph. A coin can be
moved to any adjacent spot whether or
not the spot is occupied, and each spot
can hold any number of coins. Note that
all the arrowheads at C point inward.
Graph theorists call such a point a sink.
Conversely, a point from which all the
arrowheads point outward is called a
source. (If the graph models a pecking
order, the sink is the chicken all the
other chickens peck and the source is
the chicken that pecks all the others.) In

o e —— €-c=3m=3

i
e

Graph for solving cannibal-missionary puzzle
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this case there is just one sink and one
source. (A complete digraph can never
have more than one sink or more than
one source. Do you see why?)

When all four coins are on sink C, the
person whose turn it is to move has no-
where to go and loses the game. In Con-
way’s book On Numbers and Games (Ac-
ademic Press, 1976) he proves that the
first player can always win if and only if
his first move is from M to L. Otherwise
the opponent can force a win or draw. (It
is assumed that both players make their
best moves.) With the powerful game
theory that Conway has developed it
is possible to completely analyze any
game of this type, with any starting pat-
tern of counters.

An ancient and fascinating class of
puzzles that are best analyzed by di-
graphs are those known as river-cross-
ing problems. Consider a classic puz-
zle that turned up last year in the title
of Mary McCarthy’s latest novel: Can-
nibals and Missionaries. In the simplest
version of this problem three missionar-
ies and three cannibals on the right bank
of a river want to get to the left bank by
means of a rowboat that can hold no
more than two passengers at a time. If
the cannibals outnumber the missionar-
ies on either bank, the missionaries will
be killed and eaten. Can all six get safely
across? If they can, how is it done with
the fewest crossings? (I shall not enter
here into the current lively debate about
whether cannibalism ever actually pre-
vailed in a culture.)

Benjamin L. Schwartz, in an article
titled “An Analytic Method for the ‘Dif-
ficult Crossing’ Puzzles” (Mathematics
Magazine, Vol. 34, No. 4, pages 187-
193; March-April, 1961), explained
how to solve such problems by means
of digraphs, but his method deals not
directly with the digraphs but rather
with their adjacency matrixes. I shall
describe here a comparable procedure
using the digraphs themselves that was
first explained by Robert Fraley, Ken-
neth L. Cooke and Peter Detrick in their
article “Graphical Solution of Difficult
Crossing Puzzles” (Mathematics Mag-
azine, Vol. 39, No. 3, pages 151-157;
May, 1966). The paper has been reprint-
ed with additions as Chapter 7 of Algo-
rithms, Graphs and Computers by Cooke,
Richard E. Bellman and Jo Ann Lockett
(Academic Press, 1970). The following
discussion is based on that chapter.

Let m stand for the number of mis-
sionaries and ¢ for the number of canni-
bals, and consider all possible states on
the right bank. (It is not necessary to
consider states on the left bank as well
because any state on the right bank fully
determines the state on the left one.)
Since m can be equal to 0, 1, 2 or 3, and
the same is true for ¢, there are 4 X 4,
or 16, possible states, which are conve-
niently represented by the matrix in
the top illustration on this page. Six
of these states are not acceptable, how-

© 1980 SCIENTIFIC AMERICAN, INC

ever, because the cannibals outnumber
the missionaries on one of the banks.
The 10 acceptable states that remain are
marked by placing a point inside each of
the 10 corresponding cells of the matrix.

The next step is to connect these
points by lines that show all possible
transitions between acceptable states by
the transfer of one or two persons to the
other side of the river. The result is the
undirected graph in the bottom illustra-
tion on this page. This graph is then
transformed into a mixed graph by add-
ing arrowheads to show the direction of
each transition. The transformation of
the undirected graph to a mixed graph
must be carried out in accordance with
two rules:

1. The object is to create a directed
“walk” that will start at the point at the
upper right (¢ = 3, m = 3) and end at the
point at the lower left (c = 0, m = 0), so
that all the cannibals and missionaries
end up on the left bank. (This route is
called a walk rather than a path because
by definition a path cannot visit the
same point more than once.)

2. The directed walk must alternate
movements down or to the left with
movements up or to the right, because
each step down or to the left corre-
sponds to a trip from the right bank to
the left bank, whereas each step up or
to the right corresponds to a trip in the
opposite direction.

With both of these rules in mind it
takes only a short time to discover that
there are just four walks that solve the
puzzle. Their digraphs are shown in the
top illustration on page 34. Each walk
completes the transfer in 11 moves.
Note that the fifth, sixth and seventh
steps are the same in all four walks.
The four variants arise because there are
two ways to make the first two steps and
two symmetrical counterparts for the
last two steps.

If the problem is altered to deal with
transporting four cannibals and four
missionaries (and all the other condi-
tions remain the same), the digraph
technique can be applied to show there
is no solution. Suppose now that the
boat is enlarged to hold three passengers
and that on the boat, as on the bank,
the cannibals must not outnumber the
missionaries. Under these conditions all
eight can cross safely in as few as nine
steps. Five cannibals and five missionar-
ies can also cross in a boat that holds
three passengers (in 11 steps), but six
cannibals and six missionaries cannot.

It is easy to see that given a boat hold-
ing four or more passengers any group
evenly divided between cannibals and
missionaries can be safely transported
across the river. One cannibal and one
missionary simply do all the rowing,
transporting the others one cannibal-
missionary pair at a time until the job is
done. Now let n be the number of canni-
bals (or missionaries). If the boat holds
just four passengers, the problem is solv-



A Saab is designed and built
to be everything,

This accomplishment is so
rare in a car, Saabs are worth your
attention on curiosity alone.

“If we had to pick one target at which to aim the Audis, two Jaguars, five BMWs, a Ferrari, a Maserati,
sedan of tomorrow,” the editors of Car and Driver a Mercedes and a Volvo.
recently wrote after assessing the Saab 900, “this Which is really stopping.
would be it.”

To those perhaps more familiar with the Audi, vemmty’ )
Volvo, BMW or Mercedes, this may be a surprising For those few times every year when you wish you
choice. had a station wagon, the Saab eliminates the }/\

Based on the facts, however, it’s the only choice necessity of owning one, renting one or
Car and Driver could logically make. borrowing one. /

7 o
F

Room. m R R

Despite having exterior dimensions virtually iden- — "

tical to the Audi 4000 and 5000, the Volvo DL and GLE,

Fold the rear seat forward, lift the rear hatchback
and the Saab presents a station wagon-like space over
six feet long and 53 cubic feet big.

Economy.

The Saab 900 is not a tiny car that gets good gas
mileage. The Saab 900 is a comfortable 7id-sized car
g that does.

the BMW 320i and 528i and the Mercedes 280E, the
Saab 900 is bigger inside than all of them.

The Saab, in fact, is officially designated a mid-sized
car by the EPA. While the others are all compacts.

Performance.

Against such cars as the Porsche 924, the Datsun
280Z and the Alfa Romeo Spider, a Saab Turbo won the
1979 SCCA Showroom Stock “A” championship. = Lo -

The Saab 900 EMS, for example, gets@EPA
estimated mpg and 30 estimated highway mpg.

(Remember, use estimated mpg for comparison
only. Mileage varies with speed, trip length and weather.
Actual highway mileage will probably be less.)
Luxury.

As much as you could ask and still be reasonable.

Price.

As much as we could ask and still be reasonable.

Is this the car of the future?

Probably. But why wait so long? You can test drive

And against the clock in two years of road tests—all one today.
of '78 and '79 —the four-cylinder, front-wheel drive
Saab 900 Turbo was faster than a number of cars
on the Road & Track slalom course, among them two m
Ferraris, two Jaguars and a couple of Porsches, includ-
ing the 928. B The most intelligent car
raking. ever bulilt.

From 60 to 0 in the two years of Road & Track
tests, the Saab 900 Turbo stopped quicker than two
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Choose either this $60.00
classic for only $3.00
(a saving of 95%)

ENCYCLOPEDIA
OF COMPUTER SCIENCE.

Edited by Anthony Ralston and Chester L. Meek. More than 1550 outsize pages
of information on every aspect of computer science—from algebra to automata
theory, from basic terminology to string processing languages. 470 articles by
208 experts. Over 700 charts, tables, graphs, and diagrams Counts as 3of your 3

books.

or any other 3 books
for only $1.00 each

(values to $68.40)

if you will join now for a trial period and agree to take 3 more books— at handsome discounts—over the next 12 months

The Library of Computer
Information Sciences

an

2nd Edition

55353. INFORMATION
RETRIEVAL SYSTEMS.
F Wilfred Lancaster. $19.95
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45380. THE ENTREPRE-
NEUR'S MANUAL:
Business Start-Ups, Spin-
Offs, and Innovative
Management. Richard M.

White, Jr. $16.95
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50551. GRANTS: How to
Find Out About Them and
What to Do Next. Virginia
P White. $19.50

(Publishers’ Prices shown)

/

oMPUIES
ER

§3795. HOW TO
MANAGE STRUCTURED
PROGRAMMING. Edward
Yourdon. Offers a detailed.
step-by-step presentation of
just what programmer
productivity techniques
(PPT) can do for the DP
manager. $21.50

40010. COMPUTER
POWER FOR THE
SMALL BUSINESS. Sipp!
and Dahl. $15.95



70093. PRIMER FOR
SMALL SYSTEMS
MANAGEMENT. Grady
M. Easley. Spells out the
supervisory skills needed in
the day-to-day administra-
tion of a small computer
complex. $18.95

£R T DRUCKER

R NS

59920. MANAGE MENT:
Tasks, Responsibilities,
Practices. Peter F. Drucker,
The skills a good executive
needs to stay effective in
modern management.
$17.50

79155. SOFTWARE
INTERPRETERS FOR
MICROCOMPUTERS.
Thomas C. McIntire. How to
design a reliable software
interpreter for any micro-
computer system.  $18.95

Y " 'I." I
VB
——
HOCON
J:{ L0

54450. THE IBM 5100
PORTABLE COMPUTER:
A Comprehensive Guide for
Users and Programmers.
Harry Katzan, Jr. Includes
BASIC and APL programs
for payroll/inventory con-
trol applications. $19.95

RICHARD MATICK

40065-2. COMPUTER
STORAGE SYSTEMS
AND TECHNOLOGY.
Richard Matick. A thorough
examination of available
storage devices. Counts as 2
of vour 3 books. $2995

62748. MINICOMPUTER
SYSTEMS: Organization,
Programming, and Applica-
tions. Eckhouse and Morris.

$21.95

73915. RESEARCH DI-
RECTIONS IN SOFT-
WARE TECHNOLOGY.
Edited by Peter Wegner. A
look at how software re-
searchers can learn from the
practical experiences of de-
signers, analysts and pro-
grammers. $24.95

COMPUTER
DATA-BASE
ORGANIZATION

JAMES MARTIN

39890-2. COMPUTER
DATA-BASE ORGANIZA-
TION. James Martin. An
invaluable planning tool
having over 200 diagrams.
Counts as 2 of your 3
books. $26.50

49600. THE FUTURE
WITH MICROELEC-
TRONICS. Barron and
Curnow. Shows how future
developments will trans-
form every area of society,
from the factory to the
home. $1750

35450-2. AUTOMATIC
DATA PROCESSING
HANDBOOK. The Diebold
Group. Auxiliary memory,
peripherals, systems design,
consultant services, soft-
ware packages. Counts as 2
of vour 3 books. $34.95

62620. MICROCOM-
PUTER HANDBOOK.
Charles J. Sippl. $19.95

84238. 370/360 AS-
SEMBLER LANGUAGE
PROGRAMMING. Nancy
Stern, Alden Sager and Rob-
ert A. Stern. A step-by-step
handbook that takes you
from the basics all the way
through efficient, sophisti-
cated coding. 516 pages,
softcover, 8%” x 11” for-
mat. $17.95

41657. DATA PROCESS-
ING COST REDUCTION

Algorithms +

Data
Structures=
Programs

32485. ALGORITHMS +
DATA STRUCTURES =
PROGRAMS. Niklaus
Wirth. A classical work on
structured programming

$20.95

OF TWARE
RELIABILITY
GUIDEBOOK

79167. SOFTWARE
RELIABILITY GUIDE-
BOOK. Robert L. Glass.
Spells out all the technolog-
ical and management
techniques. $18.95

80830. STRUCTURED
COMPUTER ORGANI-
ZATION. Andrew S. Tan-
enbaum. A practical look at
computer architecture con-
cepts from the micropro-
gramming level to the
operating system.  $1950

53704. HOW T O DESIGN,
BUILD AND PROGRAM

AND CONTROL. Dick H.
Brandon. gotllghts key

And still more

booksto ... ...
choose Ay ARG

from!

YOUR OWN WORKING
COMPUTER SYSTEM.
Robert P. Haviland. $12.95

TURE. Glenford J. Myers. A
close. critical look at current
architectures and ways to
help future computer de-
si{gners avoid the problems
of current systems.  $21.00

If the reply card has been removed. please write to
The Lib rary of Computer
and Information Sciences
Dept. 7-AB7, Riverside, N.J. 08370
to obtain membership information and an application

42303. A DISCIPLINE OF
PROGRAMMING. Edsger
W, Dijkstra. $20.95
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Nine-step diagonal solution for six missionaries, six cannibals and a four-passenger boat
34
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able in 2n — 3 steps. If the boat holds an
even number of passengers that is great-
er than 4, more than one cannibal-mis-
sionary pair can of course be taken each
time. The technique of always keeping
the same number of cannibals and mis-
sionaries on both sides of the river is
diagrammed as a braided pattern along
the diagonal of the matrix of the prob-
lem as is shown in the bottom illustra-
tion at the left. This nine-step digraph
solves the cannibal-missionary problem
when n equals 6 and the boat holds four
passengers.

When the capacity of the boat is an
even number greater than or equal to 4,
the diagonal method always gives the
best solution. If the number of cannibals
n is just one more than the capacity of
the boat, which is an even number great-
er than 4, then there is always a five-step
minimum solution. Actually the diago-
nal method is more powerful than this
last case implies. With a boat that holds
an even number greater than 4 it will
always provide a five-step minimum so-
lution for any case from b + 1 cannibals
through (36/2) — 2 cannibals, where b is
the capacity of the boat.

If the number of passengers the boat
can hold is odd, moving down the diago-
nal does not always give the best answer.
For example, if n equals 6 and the boat
holds five, the diagonal method gives the
same nine-move solution shown in the
bottom illustration at the left, but the
problem also has a seven-step solution.
More generally, if the boat holds an odd
number of passengers that is greater
than 3 and one less than n, there always
is a minimum solution in seven moves.
Can you find one of many seven-step
solutions for six cannibals and six mis-
sionaries crossing the river in a boat that
holds five passengers? This is the sim-
plest of an infinity of examples in which,
for a boat with an odd capacity, there is
a procedure superior to the diagonal
procedure. (I am ignoring here the triv-
ial cases of a boat with an odd capac-
ity of one or three, where the diagonal
method will not work at all.) The next-
simplest case is the one where n equals
10 and the boat holds seven passengers.

The digraph method can be applied to
almost any kind of river-crossing prob-
lem. One famous problem, which goes
back at least to the eighth century, con-
cerns three jealous husbands and their
wives, who want to cross ariver in a boat
that holds two passengers. How can this
goal be accomplished so that a wife is
never alone with a man who is not her
husband? If you construct the digraph
for the problem, you may be surprised
to discover that it is solved by the same
four walks as the classic cannibal-mis-
sionary problem and has no other solu-
tions. The only difference—and this ap-
plies also to generalizations of the jeal-
ous-husband variant of the puzzle—is
that the pairings of individual men and
women have to be manipulated to meet



Is she a he?

Only the microscope knows.

Zeiss Photomicroscope lli
used for sex tests.

The Lake Placid Olympic Organizing

Committee is using the Zeiss Photo-
microscope Il for chromosome
testing at the 1980 Winter Olympics.
The built-in 35mm camera and data-
recording system insure speed

and accuracy in documenting the
hundreds of tests to be made. And,
of course, the great Zeiss optics
give the image detail needed for
accurate analysis.

The favorite of busy
cytogenetic labs.

The Zeiss Photomicroscope is being
used at the Olympics for the same
reason the world'’s busiest cytogenet-
ic labs, such as the Pre-Natal Diag-
nostics and Chromosome Analysis
Lab at the University of California,
chose it: "An image of the best
possible quality from an absolutely
routine specimen preparation’

That's economy in action.
Nationwide dealers and service.

The great name in optics

West Germany

Carl Zeiss, Inc., 444 5th Avenue, New York, N.Y. 10018 (212) 730-4400. Branches: Atlanta, Boston, Chicago, Houston, Los Angeles,
San Francisco, Washington, D.C. In Canada: 45 Valleybrook Drive, Don Mills, Ontario, M3B 2S6. Or call (416) 449-4660.

Fluorescence image reproduced from a photomicrograph by Dr. R.S. K. Chaganti, Memorial Sloan-Kettering Cancer Center, New York City.
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It’s better than speed reading. ..

It’s Speed Learning!

Have you ever wished you could read and
learn faster? Do you have too much to read
and too little time?

Speed Learning can teach you to read and
learn better. The average person becomes
108% more efficient. The ability to read-
comprehend-remember and use twice as
much knowledge and information is very
important to you.

Speed Learning has been approved with
highest honors and used by schools, colleges,
universities, corporations and branches of the
U.S. Government.

A ‘teacher-on-cassettes’ and excitingly dif-
ferent study books will teach you a completely
new way to read and think. You’'ll learn,
step-by-proven-step, how to increase your
reading skills and speed so that you under-
stand more, remember more and use more of
everything you read.

Whether you're 17 or 70, you’'ll find Speed
Learning exciting because it's easy to learn,
logical, practical and the benefits last a life-
time. Within two weeks you’ll be truly
impressed with how much you‘ve learned and
how differently you read.

OPTIONAL EXTRA: Earn 3 college
credits with Speed Learning. Complete

details and registration form
included with the
program.

———— —— — -

3ISAR I
|ecr\l l 113 Gaither Drive

INCORPORATED  Mt. Laurel, N.J. 08054 I

[JYES! Ship one Speed Learning program
at $89.95 plus $3.00 for handling and in-
sured delivery.
| understand that, if after 10 days FREE
examination | am not delighted in every
way, | may return the materials and all
money will be refunded or credit card
charges cancelled.

[OJCheck or Money Order Enclosed

[JCharge my Credit Card:
Bank [OMaster [JDiners [JAmerican

Americard Charge Club Express
Interbank #
Card # Exp.
Name
Address
City State Zip
Signature

N J residents add 5% sales tax *Subrect 1o cradit approval

Tax deductible under most circumstances
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conditions not essential to the cannibal-
missionary version.

Many puzzle books include more ex-
otic variations of the cannibal-mission-
ary problem. For example, in some cas-
es only certain people may be able to
row. (In the classic problem if only one
cannibal and one missionary can row,
the solution requires 13 crossings.) The
boat may also have a minimum capacity
(greater than one) as well as a maximum
capacity. Or missionaries may outnum-
ber cannibals and be safe only if they
outnumber them at all times. An island
in the river may also be employed as a
stopover spot, and certain pairs of indi-
viduals may be singled out as being too
incompatible to be left alone together.

An ancient problem of this last type (it
toocan be traced back to the eighth cen-
tury) is about a man who wants to ferry
a wolf, a goat and a cabbage across a
river in a boat that allows him to take
only one of them at a time. He cannot
leave the wolf alone with the goat or the

goat alone with the cabbage. In this case
there are two minimal solutions, each
of which requires seven trips. One of
these solutions is shown in the illustra-
tion below, taken from Moscow Puzzles,
by Boris A. Kordemsky (Charles Scrib-
ner’s Sons, 1972). Interested readers
will find a good selection of such river-
crossing problems in books by the Brit-
ish puzzle expert Henry Ernest Dudeney.

I have space for one more digraph
puzzle. Paul Erd6s has shown that on a
complete digraph for n points, when n is
less than 7, it is not possible to place
arrowheads so that for any two specified
points it is always possible to get to each
point in one step from some third point.
The top illustration on page 38 shows
a complete graph for seven points.
Think of the points as towns joined by
one-way roads. Your task is to label
each road with an arrowhead so that for
any specified pair of towns there is a
third town from which you can drive
directly to each of the other two. Next

Solution to the wolf-goat-cabbage puzzle
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THE COMPUTER ALSO
HEATS THE BUILDING.

The energy crunch.

It’s been on our minds at IBM for quite some time.

Back in 1973 we began offering computer systems that manage energy
as only a computer system can.

These systems take thousands of energy-saving actions every day,
based on information about weather conditions, use patterns, and other
factors.

They turn lights on and off. Turn heat and air conditioning units on and
off. Control hot water heaters as needed. And more. All to prevent waste.

In one of our customer’s buildings, a system we installed cut the
power bill by over $8000 in ——
the first month.

And in the headquarters
building of the IBM division
that builds these systems,
energy management equip-
ment recycles heat generated
by the computer installation
itself. The outside tempera-
ture has to drop below 11° F
before the boilers need to be
turned on.

Energy management systems obviously conserve energy.

But what they really do is manage things better and more economically
than people can manage them alone.

That’s what computer systems are very, very good at doing.
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Paul Erdos’ third-town problem

Packing of 19 unit squares into a square of side 3 + (4/3)\V/'2, or 4.885+

38
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month I shall give Erdos’ solution and
the reference for his analysis of the gen-
eral problem.

he map-coloring problem given last
month is from Howard P. Dines-
man’s collection of brainteasers Superi-
or Mathematical Puzzles, with Detailed
Solutions (Simon and Schuster, 1968).
It can be answered as follows. Nevada
is surrounded by a ring of five states:
Oregon, Idaho, Utah, Arizona and Cali-
fornia. Color Nevada with color 1. If
only three colors are used, each state in
the ring must be colored with either col-
or 2 or color 3 toavoid conflict with Ne-
vada, and these two colors must alter-
nate around the ring. Since the ring con-
sists of an odd number of states (five),
however, there is no way to avoid giv-
ing two adjacent states the same color.
Therefore a fourth color is necessary.
This property of rings that consist of
an odd number of regions plays a basic
role in map-coloring theory. Consider
how it applies to L. Frank Baum’s land
of Oz. Oz is made up of five regions,
each region with a dominant landscape
color: the green Emerald City is sur-
rounded by a ring consisting of the yel-
low Winkie country, the red Quadling
country, the blue Munchkin country
and the purple Gillikin country. Sur-
rounding all of Oz is the great Deadly
Desert. Because four is an even number,
a map of Oz can be colored with three
colors, but of course no Oz cartographer
would use fewer than five for Oz and a
sixth for the surrounding desert.

he improved solution I gave in No-

vember for the problem of packing
19 unit squares without overlap into the
smallest possible square has been im-
proved a second time. Robert T. Wain-
wright was the first of many readers to
realize that the eight squares in the tilted
rectangle could be displaced as is shown
in the bottom illustration at the left.
This adjustment reduces the side of the
containing square to 3 + (4/3)V2, or
4.885+.

A hundreds of readers have pointed
out, the “impossible problem” giv-
en in this department for December
turned out to be literally impossible.
Because I gave an upper bound of 20
for the two selected numbers the solu-
tion became totally inapplicable. I have
since learned that the problem, with its
correct upper bound of 100, was first
submitted by David J. Sprows to Mathe-
matics Magazine, where it appeared in
March, 1976 (Vol. 49, No. 2, page 96).
An accurate solution appeared there in
November, 1977 (Vol. 50, No. 5, page
268). Richard Hess and Thomas Trus-
cott were the first of many who sent me
proofs that 62 is the lowest upper bound
that allows a solution. I shall comment
more fully on this problem in a future
column.
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Remember last winter when you and your conventional 2-wheel drive car
were left stranded in bad weather? The delays, the discomfort, the
mess! Well, you don’t want to go through that again. And you won't

with a Jeep Cherokee. With its famous 4-wheel drive, the

Cherokee will give you unsurpassed traction and the

eep confidence to handle most any weather situation—
® snow, ice and rain! But the Cherokee’s not just a bad

We wrote the !)OOk weather wagon. It's roomy, comfortable and has about
on 4-wheel drive the same fuel efficiency” as a conventional full-size

wagon. Versatile enough to meet all your family’s needs.

If last winter’s driving memories were less than pleasant, don’t
let it happen again. Face this winter confidently in a roomy, full-sized
family wagon: the Jeep Cherokee.

*An EPA estimated MPG of(15]and a highway estimate of 20. Remember, use these figures
for comparison. Your results may differ due to driving speed, weather conditions

and trip length. Actual highway mileage will be less. California figures lower.

Jeep Corporation, a subsidiary of American Motors Corp.

© 1980 SCIENTIFIC AMERICAN, INC

4)‘ g

BUFFALO, 1977

P

LOS ANGELES, 1979



FUEL ECONOMY PLUS TRACTION
Check out these figures. You get all the advantages of
4-wheel drive traction, plus gas mileage that’s about the
same as full-size 2-wheel drive wagons.

SHORTER LENGTH FOR EASIER PARKING The Cherokee is
over two feet shorter than a competitive full-size wagon.
The plus: greater maneuverability and easier parking.

wlf

LOTS OF INTERIOR ROOM Enough for an entire family,
the dog and all their gear. Isn't that why people buy a
big wagon in the first place?!

SMOOTH RIDE Available for 1980 —
optional soft ride package. Specially
[ _ _ designed springs and
\#:y shocks to give the
Cherokee a soft, smooth,

boulevard ride. Not what most people would expect
from a rough and ready 4-wheel drive vehicle.

COMMANDING VIEW OF THE ROAD The Cherokee sits
over a foot higher than an ordinary full-size wagon.

That gives the driver far better visibility—a commanding

view of the road ahead. /

BOOKS

Medieval materials science, the art of breaking

and cutting, and a feedback view of the earth

by Philip Morrison

HEOPHILUS: ON DIVERS ARTS,

I translated from the Latin with in-

troduction and notes by John G.
Hawthorne and Cyril Stanley Smith.
Dover Publications, Inc. ($5). MAPPAE
CrLavicuLA: A LITTLE KEY TO THE
WORLD OF MEDIEVAL TECHNIQUES,
translated by Cyril Stanley Smith and
John G. Hawthorne. The American
Philosophical Society, Independence
Square, Philadelphia ($7). In this our
world inundated by books, technology
is fully described by experts. Artful se-
crets still abound, since the skills of hand
and eye cannot always be transmitted by
means of word and picture. Direct docu-
mentation is nonetheless broad and rich.
When people in Western lands could
read only what authors wrote in their
own hand or what compilers and scribes
made by hand and eye, this was not so.
The granulation of the dazzling gold or-
naments of the Etruscans and the rig-
ging of the pyramid builders are not the
topics of any contemporary texts at all.
If we can read the old crafts tolerably
well today, it is because we can read the
objects, the old quarries, the occasional
images of the artist or once in a while
the witness of curious travelers; it is al-
most never because we can read the
words of the knowing man or woman at
the workbench.

There is one tradition of technical
writing that deals primarily with the ma-
terials themselves and rather less with
the tedious or subtle processes by which
they were wrought. That tradition is tru-
ly old. It comes to us first in wedge
marks left on clay tablets: for 50 years
we have known of a number of rec-
ipes, the earliest being a list of ingredi-
ents for glassmaking set down in Assyr-
ian before 1600 B.c. “The substance of
many of the Assyrian recipes appears
unchanged” in papyruses of the third
century B.C., now “elegantly written in
Greek.” A considerable body of manu-
scripts of these recipes has proliferated.
They were evidently copied and recop-
ied (with little refreshment from reali-
ty but with a good admixture of error)
by scholars who apparently felt such an-
tique texts must have value (even if the
later compilers themselves would con-
sider them only sources of engaging lore
and old Latinity). The odor is unmistak-
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ably one of the library lamp, not one of
the glowing furnace.

The book signed by Theophilus the
Priest, a bargain reissue of the first edi-
tion of a translation published by the
University of Chicago Press in 1963,
first opened wide the workshop door.
The work has long been under study by
philologists; there are many manuscript
versions of it, the oldest one datable to
the middle of the 12th century. It bears
an added title page on which a 17th-cen-
tury hand has offered an identification
of the author, supplied no doubt by ver-
bal tradition. But “all the evidence con-
verges to support the belief that the
manuscript... was written by the Bene-
dictine monk and metalworker Roger of
Helmarshausen.” In a valley 20 miles
west of Gottingen, Helmarshausen was
an important center for all the arts de-
scribed by the modest author under the
Byzantine pseudonym by which the
work is known.

What does Roger promise? “If you
study diligently, you will find here what-
ever kinds of the different pigments By-
zantium possesses and their mixtures;
whatever Russia has learned in the
workings of enamels and variegation
with niello; whatever Arab lands adorn
with repoussé or casting or openwork;
whatever decoration Italy applies to a
variety of vessels in gold or by the
carving of gems and ivories; what-
ever France loves in the costly variega-
tion of windows; and whatever skillful
Germany applauds in the fine working
of gold, silver, copper and iron, and in
wood and precious stones.” He is as
good as his word.

More than two-thirds of the text treats
of metalworking: not only the materials
but also the processes, the tools and
utensils, the furnaces and the house-
keeping and management of a shop able
to keep perhaps a dozen craftsmen at
work. Their purpose was “to complete
whatever is still lacking in the house of
the Lord...chalices, candlesticks, cen-
sers, cruets, ewers, caskets for holy rel-
ics, crosses, missal covers.” We can ad-
mire contemporary samples, some from
Roger’s own hand and others elaborated
as if to provide examples of all the tech-
niques he describes. The nonmetallurgi-
cal first third of the book is divided into
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@olleiflex SLX §

In the SLX :
resides all that which has
made German tech- -
nology synony- S
mous with —
excellence. In fact,
the Rolleiflex SLX is a
concept so advanced, no adver-
tisement can do it justice. To
see the 2¥4' x 2%' SLX for
yourself, write to us for the
name of your nearest dealer. Or, for an illustrated bro-
chure, send $1 to: Rollei of America, Dept. F, Box 1010,
Littleton, CO 80160. In Canada, Rollei Canada Ltd.,
Downsview, Ontario. (Brochure will be sent free to any
professional photographer enclosing a business card.)
OAll electronic operationOBuilt-in motor drive dOption-
al multi-exposure control unitdZEISS or Zeiss-designed*
lensesOManual or automatic controlflInterchangeable
focusing screens and viewfindersOOBetween-the-lens
shutter OShutter speeds 30 to 1/500 sec.OAperture
preview OComplete range of matched accessories.

Rollei

Owning a Rollei says something about you.

*Made by Rollei under license from Carl Zeiss, Oberkochen, West Germany. 103
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two parts. One, on the art of the painter,
gives recipes for pigments and direc-
tions for mixing, fixing and applying
them; the second, on glassmaking, has a
page or two about clear glass sheet and
the rest about colored glasses and glass
painting for the mosaic church windows
of the time.

These pages are filled with convinc-
ing and comprehensive eyewitness ac-
counts, modern in tone. They bring us
to a real place and time. “At the first
hour next morning, if you want to make
sheets of glass,” Roger says, after having
described for several pages how to pro-
cure beechwood logs and reduce them
to ashes and how to build a work fur-
nace, an annealing furnace and a fur-
nace for “spreading out and flattening.”
For the metalwork section he begins:
“Build a high, spacious building whose
length extends to the east. In the south
wall put as many windows as you wish
and are able to, provided that there is a
space of five feet between any two win-
dows.” He describes the forge, the bel-
lows and the workbench, anvils, stakes,
files and other hand tools. The fires of
the workmen are fueled with charcoal
and blown with bellows; the text de-
scribes a cupola for melting bell metal
and big reverberatory furnaces in the
glass shop, and there is a neat little
design for a wind-blown furnace for
making brass. Together these incorpo-
rate, say the learned translators, “the
principles of all metallurgical furnaces
prior to the introduction of gas and elec-
tricity.”

There is no allusion to any energy
sources other than fire and human mus-
cle; there are no large machines at all,
not even a hoist or crane for the big
molds in which the shop cast large
church bells with clappers. Theophilus
describes several machines: a couple of
simple specialized lathes, a grinding mili
and a device (not very practical) with
which to prepare iron surfaces for pre-
cious-metal overlays. All of these are
hand-powered. Roger’s shop was not a
factory but an ensemble of craftsmen.
They could, however, make quantitative
judgments as well as aesthetic ones:
Roger alludes to (but does not furnish)
complete tables of dimensions for the
maker of organ pipes and of bells.

Here and there, even in the metalwork
chapters, which obviously lie nearest to
his own talents, Roger includes some
pure hearsay and lore, most of it deal-
ing with materials he acquired through
trade and of whose winning he knew
only vicariously. The beechwood ashes
these artisans could prepare for them-
selves, but copper, zinc and precious
metals came mainly from afar. Roger
offers one chapter of sheer magic: an
elaborate procedure for making basilisk
powder (magically, from the ashes of
half-serpent chicks), which turns copper
into “Spanish gold” that is “suitable for
all kinds of work.” Entirely untypical of



Burgiar Alarm
Breakthrough

A new computerized burglar alarm requires no

installation and protects your home or business
like a thousand dollar professional system.

It's a security system computer. You can
now protect everything—windows, doors,
walls, ceilings and floors with a near fail-safe
system so advanced that it doesn’t require
installation.

The Midex 55 is a new motion-sensing com-
puter. Switch it on and you place a harmless
invisible energy beam through more than
5,000 cubic feet in your home. Whenever this
beam detects motion, it sends a signal to the
computer which interprets the cause of the
motion and triggers an extremely loud alarm.

The system’s alarm is so loud that it can
cause pain—loud enough to drive an intruder
out of your home before anything is stolen or
destroyed and loud enough to alert neighbors
to call the police.

The powerful optional blast horns can also be
placed outside your home or office to warn
your neighbors.

Unlike the complex and expensive com-
mercial alarms that require sensors wired into
every door or window, the Midex requires no
sensors nor any other additional equipment
other than your stereo speakers or an optional
pair of blast horns. Its beam actually pene-
trates walls to set up an electronic barrier
against intrusion.

NO MORE FALSE ALARMS

The Midex is not triggered by noise, sound,
temperature or humidity—just motion—and
since a computer interprets the nature of the
motion, the chances of a false alarm are very
remote.

An experienced burglar can disarm an ex-
pensive security system or break into a home
or office through a wall. Using a Midex system
there is no way a burglar can penetrate the
protection beam without triggering the loud
alarm. Even if the burglar cuts off your power,
the four-hour rechargeable battery pack will
keep your unit triggered, ready to sense
motion and sound an alarm.

ARRIVE HOME SAFE

There's personal danger in arriving home
and finding a burglary in progress. And, if you
surprise the burglar, you risk the chance of
serious injury. With the Midex 55 protecting
your home, you can open your front door with
the confidence of knowing that no burglar lurks
inside.

When the Midex senses an intruder, it re-
mains silent for 20 seconds. It then sounds the
alarm until the burglar leaves. One minute

after the burglar leaves, the alarm shuts off
and resets, once again ready to doiits job. This
shut-off feature, not found on many expensive
systems, means that your alarm won’t go wail-
ing all night long while you're away. When your
neighbors hear it, they'll know positively that
there’s trouble.

PROFESSIONAL SYSTEM

Midex is portable so it can be placed any-
where in your home. You simply connect it to
your stereo speakers or attach the two op-
tional blast horns.

Operating the Midex is as easy as its instal-
lation. To arm the unit, you remove a specially
coded key. You now have 30 seconds to leave
your premises. When you return, you enter
and insert your key to disarm the unit. You
have 20 seconds to do that. Each key is regis-
tered with Midex, and that number is kept in
their vault should you ever need a duplicate.
Three keys are supplied with each unit.

As an extra security measure, you can leave
your unit on at night and place an optional
panic button by your bed. But with all its
optional features, the Midex system is com-
plete, designed to protect you, your home and
property just as it arrives in its well-protected
carton.

The Midex 55 system is the latest electronic
breakthrough by Solfan Systems, Inc.—a com-
pany that specializes in sophisticated profes-
sional security systems for banks and high
security areas. JS&A first became acquainted
with Midex after we were burglarized. At the
time we owned an excellent security system,
but the burglars went through a wall that could
not have been protected by sensors. We then
installed over $5,000 worth of the Midex com-
mercial equipment in our warehouse. When
Solfan Systems announced their intentions to
market their units to consumers, we immedi-
ately offered our services.

COMPARED AGAINST OTHERS

In a recent issue of a leading consumer
publication, there was a complete article
written on the tests given security devices
which were purchased in New York. The
Midex 55 is not available in New York
stores, but had it been compared, it would
have been rated tops in space protection
and protection against false alarms—two
of the top criteria used to evaluate these
systems. Don’t be confused. There is no
system under $1,000 that provides you
with the same protection.

YOU JUDGE THE QUALITY

Will the Midex system ever fail? No product
is perfect, but judge for yourself. All com-
ponents used in the Midex system are of aero-
space quality and of such high reliability that
they pass the military standard 883 for thermal
shock and bum-in. In short, they go through
the same rugged tests and controls used on
components in manned spaceships.

Each component is first tested at extreme
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The Midex security computer looks like a
handsome stereo system component and
measures only 4”"x 10%2"x 7.”

tolerances and then retested after assembly
The entire system is then put under full elec-
trical loads at 150 degrees Fahrenheit for an
entire week. If there is a defect, these tests will
cause it to surface.

PEOPLE LIKE THE SYSTEM

Wally Schirra, a scientist and former astro-
naut, says this about the Midex 55. “I know of
no system that is as easy to use and provides
such solid protection to the homeowner as the
Midex. ! would strongly recommend it to any-
one. | am more than pleased with my unit.”

Many more people can attest to the quality
of this system, but the true test is how it per-
forms in your home or office. That is why we
provide a one month trial period. We give you
the opportunity to see how fail-safe and easy
to operate the Midex system is and how
thoroughly it protects you and your loved ones.

Use the Midex for protection while you sleep
and to protect your home while you're away or
on vacation. Then after 30 days, if you're not
convinced that the Midex is nearly fail-safe,
easy to use, and can provide you with a
security system that you can trust, return your
unit and we'll be happy to send you a prompt
and courteous refund. There is absolutely no
obligation. JS&A has been serving the con-
sumer for over a decade—further assurance
that your investment is well protected.

To order your system, simply send your
check in the amount of $199.95 (lllinois resi-
dents add 5% sales tax) to the address shown
below. Credit card buyers may call our toll-free
number below. There are no postage and
handling charges. By return mail you will
receive your system complete with all con-
nections, easy to understand instructions and
a one year limited warranty. If you do not have
stereo speakers, you may order the optional
blast horns at $39.95 each, and we recom-
mend the purchase of two.

With the Midex 55, JS&A brings you: 1) A
system built with such high quality that it com-
plies with the same strict government stan-
dards used in the space program, 2) A system
so advanced that it uses a computer to deter-
mine unauthorized entry, and 3) A way to buy
the system, in complete confidence, without
even being penalized for postage and hand-
ling charges if it's not exactly what you want.
We couldn’t provide you with a better oppor-
tunity to own a security system than right now.

Space-age technology has produced the
ultimate personal security computer. Order
your Midex 55 at no obligation, today.

3, NPRODUCTS
OXe

Dept. SA One JS&A Plaza
Northbrook, Ill. 60062  (312) 564-7000
Call TOLL-FREE ........ 800 323-6400
In lllinois Call ...........(312) 564-7000
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this practical compendium by a master
craftsman, the fanciful account is none-
theless often cited for its flavor of sor-
cery, to support whatever lessons the
modern commentator seeks to draw.
“Theophilus” speaks for himself. There
is a clear stream of experience and ob-
servation running between this learned,
talented and devoted Benedictine and
the craftsmen, engineers and discover-
ers of the Renaissance to come.

Behind Theophilus lie the recipe
books, a scholars’ world nearly three
millenniums old. The same pair of
translators (the late John G. Hawthorne
was a Latinist at the University of Chi-
cago and Cyril Stanley Smith is a distin-
guished materials scientist and historian
at the Massachusetts Institute of Tech-
nology) have also given us readers of
English a glimpse of that older work. A
few years ago they put into English the
text of a recipe book of the ninth centu-
ry. A Latin manuscript now at the Cor-
ning Museum of Glass (one of the best
sources of such manuscripts) is repro-
duced as a whole in facsimile, along
with the annotated translation, in an er-
udite monograph. The recipes are stac-
cato, not very readable, often confusing,
and they float high above the workshop;
these are hints, tricks and lists of ingredi-
ents rather than coherent accounts of
how to proceed. They are logically and
pedagogically most variable in form.
(One crowded entry is a multiplication
table, up to X times V equals L.) The
differences between the recipe writer
and Theophilus are convincing. Some-
thing new, some context of a single reali-
ty, began only in late-medieval Europe
to unite the pen and the hammer.

Throughout both of these works, par-
ticularly the much more rewarding The-
ophilus, the reader is helped to a wid-
er understanding by the discrimination
and the soundly based commentary of
the translators and by their diagrams,
photographs and captions. Once again
Clio has profited from knowledge won
with the X-ray-diffraction camera, the
pyrometer and the tools of the analyti-
cal chemist.

UTTING FOR CONSTRUCTION: A

HANDBOOK OF METHODS AND AP-
PLICATIONS OF HARD CUTTING AND
BREAKING ON SITE, by David Lazenby
and Paul Phillips. John Wiley & Sons,
Inc. ($19.95). Jackhammer and wreck-
ing ball seem symbols of the turmoil of
cities today. They are in fact quite mod-
ern tools, born largely of the paradoxi-
cal attributes of our architectural life:
constant change amidst stable masses of
poured concrete. The old masons could
as a rule take apart their walls of brick
and stone more easily than we can move
the monoliths of our own construction:
massive castings, reinforced with steel
rods, found even in quite workaday
buildings that are in no way monumen-
tal. This handbook by two experienced
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technical experts in Britain, who are
careful students of the art on both sides
of the Atlantic, is a modern survey for
planners and consumers of a small but
important industry. This knowledge is
held in the fringes of a few large compa-
nies or as a “province of the small entre-
preneurial operator.” We hear it, but we
hear little about it.

The impact methods are certainly
fundamental mechanics, but nowadays
the four ancient elements themselves
are used against concrete. The earth
yields diamonds, and diamond cutting
tools are often the approach of econom-
ic choice, at least in the U.S. Here is an
exception to the rule; diamond use pros-
pers under the innovations and wide-
spread information prepared by the
well-managed diamond monopoly. The
diamond-set tool—in a core drill, in a
large rotary-disk saw for floors or walls
or in a reciprocating saw that works
through a starting hole in any slab—cuts
its smooth and well-controlled way
through concrete mass and steel rod.
The case studies show the virtue of this
technique, which in effect machines the
reinforced concrete.

Diamond-tool cutting is a wet job,
with cooling water flowing by a big saw
at the rate of a ton or two an hour. A big
saber saw, its diamond blade able to cut
a four-foot slab at one pass (beyond the
two-foot reach of the biggest rotary
blades), requires some 25 horsepower,
delivered by hydraulic flow from its en-
gine trailer nearby. The slab could be
cut in an average time of an hour and
a half. (Concrete varies in hardness;
the aggregates are crushed from locally
available rock, and so careful maps are
included giving the hardness to be ex-
pected anywhere in the U.S. or the U.K.
Watch out for that hard stuff all along
the Ohio valley!)

The element of fire works well too,
although it does so more commonly in
Europe than on this shore. The hand-
held oxygen cutting torch, burning acet-
ylene or propane, is familiar wherever
steel or iron is to be cut, even under
water. The thermic lance is a less famil-
iar tool of power. It is simple. A 10-foot-
long piece of mild steel pipe is packed
with strands of iron wire. (A patented
improvement uses high-carbon steel and
a magnesium alloy for faster results,
at 4,000 degrees Celsius.) This “burn-
ing bar” is fed plenty of oxygen; well-
equipped workers are likely to have a
cryogenic tank trailer at the end of their
supply hose. The pipe and wire burn
swiftly, and the concrete and steel melt
ahead of the lance, drain freely and
harden into a brittle, easily removed
slag of iron silicate. The bar cuts a neat
hole; typically a meter of two-inch hole
is burned through concrete in five min-
utes, consuming six meters of lance.

The element of water comes into play
in a water-jet cutter. It will not sever
reinforcing bars, but it erodes the “com-
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plex multiphase material...often... 10
percent by volume of air and water,”
leaving the steel bars exposed and clean.
The jet works by impact on the cement
matrix, by cavitation of the sandy sur-
face and by pressurizing the tiny cracks
until the mass splits. Typically a 300-
horsepower pump feeds a hand-held
jet at a pressure of about 1,000 atmo-
spheres and at a flow rate of 10 gallons
per minute; such a jet will cut a wide
swath down a thick wall at a foot or two
of cut per hour.

Those are cutting techniques; the
breaking ones, which are more familiar,
must often follow to dispose of the big
pieces set free. One neat breaking device
is the Nibbler, a proprietary British ma-
chine. A big-jawed tool mounted at the
end of a boom on a tracked vehicle, the
Nibbler catches a layer of slab between
a large pointed tooth and a strong op-
posed jaw. It then prizes up the slab,
bending it firmly a few inches upward.
The slab snaps locally under the bend-
ing, and so the Nibbler quietly munches
away the entire road or wall, like the
tooth of time.

Explosives (among them shaped
charges), hydraulic jacks and chemical-
ly detonated charges of liquid carbon
dioxide are some other bursting tech-
niques. The future looks even brighter
for breaking. Plasma jets may replace
the thermic lance; the heavy laser might
make fault lines by means of thermal
shock to begin the work; microwave
cooking can break concrete by inducing
stresses within that inner heterogeneity;
eddy-current heating can be applied lo-
cally to expand prestressed members
gradually and make their removal much
safer.

This is a serious handbook, full of
management detail and safeguards. It is
meant for the prudent planner, but it
opens a world for the general reader,
who will browse in its surprising and
well-illustrated pages. A raffish tenden-
cy in one reader was a little let down by
the fact that among 15 case studies not
one described the virtuoso work of a
safecracker!

AlA: A NEw Look AT LIFE ON
EARrRTH, by J. E. Lovelock. Ox-
ford University Press ($11.95). Gaia is
“wide-bosomed Earth, the ever-sure
foundation of all,” Hesiod told us. In
this entirely engaging small book the
English physical organic chemist Jim
Lovelock, a man as inventive and inge-
nious as he is lively and unorthodox,
places a daring hypothesis before the
general reader, a kind of geochemical
myth for our time. He proposes to aug-
ment Hesiod’s concept of a patient bear-
er with a more active and urgently nec-
essary new Mother, so far known to us
only by way of conjecture.
The possibility is clear. For three-and
a half billion years and more the fer-
ment of life has been nourished unceas-
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ingly by the earth. Not once over the
sweep of time has the aimless drift of the
continents, an odd supernova, a patch of
galactic dust, a runaway volcano, the
evolution of the sun, the ultraviolet-
induced oxygenation of the air or any
other parameter of our complex and
changing planet brought fragile life to
an end. Is that good luck, a neat bal-
ance of forces struck by chance alone or
something deeper? Providence and De-
sign have their proponents, but Love-
lock opts for a “complex entity involving
the Earth’sbiosphere, atmosphere, ocean
and soil” that has come to maintain the
fitness of the overall environment nei-
ther by chance nor under angelic custo-
dy but by an actively evolved feedback
control, through a grand set of large-
scale processes we can only dimly trace.

Let us follow one path among a num-
ber of paths that might bring a glimpse
of Gaia, so powerful and so shy. We
simply ask: Why is the sea salt? Since
Leonardo’s day people have come to re-
alize that it is salt because rocks yield up
to the rain soluble ions that flow in
steady runoff down to the sea, which can
recycle its waters over and over but
seems to have no way to lose its salt; and
so the sea becomes much saltier than the
streams feeding it. The effort to deep-
en this insight to the quantitative runs
into trouble. The present rate of runoff
would have salted the seas in a small
fraction of geologic time, about 60 mil-
lion years. That is hardly credible in the
face of the evidence that ocean life has
not been very different from today’s
over a period 50 times longer. More-
over, the salts of continental runoff are
augmented noticeably by sea-floor
spreading, with ions coming from
“doughy rocks” that well up on the
ocean ridges and push the continents
apart. The chemical oceanographers are
unhappy; there is no clear way to keep
the oceans less salty than a dense brine.
Now, life does not like the environment
of brine. Although a few hardy special-
ized forms have found physiologically
expensive contrivances for living in an
oversalty world, the membranes that en-
close all normal cells cannot remain in-
tact in a watery medium even only twice
as salty as the present ocean; if there
were no compensation, the end of nor-
mal life would lie quite near. And so the
question has shifted: Why is the sea not
saltier?

To be sure, the sea does lose salt.
Great beds of dried salts are buried un-
der all the continents and the continen-
tal shelves. Some famous ones are even
exposed on land, where isolated arms of
the sea, cut off long ago, evaporated to
dryness faster than the local drainage
could replenish them and so turned to
salt. A balance is struck, with rates that
apparently work out on the average to
keep the ocean from greater brininess.
But if those evaporated seas and their
burials are entirely random, it is indeed
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good luck that the timely burials took
place just when they were needed, over
an epoch long enough to have strength-
ened the salt solution by more than an
order of magnitude. Why has there been
no lethal fluctuation over all the time of
life on the earth?

Can it be that the vast shallow lagoons
and narrow gulfs that sequester the ex-
cess salt are the geography of life itself?
“Is it possible that the Great Barrier
Reef...is the partly finished project for
an evaporation lagoon?’ Here is certain-
ly engineering on a Gaian scale, now
being built by a powerful consortium of
living organisms. Perhaps even the sub-
sequent burials by geological flows are
part of the Gaian loop. The rain of silica
to the ocean floor as the plankton die
and sink may act to reduce heat loss and
induce local melting under the sea floor.
The limestone that living things secrete
on the shelves might act as a flux to melt
rock and aid the growth of volcanoes.
After all, the weight of a man-made lake
can cause a small earthquake, and a bar-
rier reef or a limestone shelf is con-
structed on a far greater scale, to dimen-
sions fit for Gaia.

We have no firm audit for this and
half a dozen other balance sheets. The
continental shelves might be the chief
seat of slow and subtle processes abso-
lutely indispensable to life in the long
run, and yet still unknown. Lovelock is
thus uneasier about proposals for large-
scale farming of kelp than he is about
pesticides and aerosol sprays. Kelp
growing over wide new areas might
threaten the ozone with its emissions of
methyl chloride much more than all the
spray cans. The monoculture of those
valuable big fronds might easily inhibit
“weed” algae, only partly known, which
now control the balance of sulfur and
selenium in the atmosphere, if Love-
lock’s ideas are right.

It is not the smokestacks of indus-
try that most threaten unknown Gaia.
Rather, it is large-scale changes in tropi-
cal lands and on the broad shelves off-
shore. There dwell the inconspicuous
but abundant species that form the feed-
back loops of Gaia’s geochemical con-
trois; there are the agencies that might
release large quantities of abnormal or
damaging substances in a short time.

Of course, this book is no judicious
review; it is the exciting and personal
argument of an original thinker caught
up in wonder. It wins and repays atten-
tion, although it deserved better editing
than it was given, with its confusing ref-
erences, too brief tables and lack of an
index. One hopes that many a reader
will read about Gaia. Even if she re-
mains a myth, to be replaced by a less
romantic mix of local good luck with
blind renewals and burials of sea floor
around the drifting plates, she is worth
much thought. She will lead you, by way
of an excursion into geochemical ecolo-
gy, to an encounter with a rare and fast-
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moving form of life indeed: the candid,
well-informed, logical and humorous
iconoclast Jim Lovelock, in his private
analytical laboratory in the quiet coun-
tryside.

ACHINES WHO THINK: A PERSONAL
INQUIRY INTO THE HISTORY AND
PROSPECTS OF ARTIFICIAL INTELLI-
GENCE, by Pamela McCorduck. W. H.
Freeman and Company ($14.95). The
search for the philosopher’s stone has
dwindled from high metaphysics maybe
down to neutron flux, but the hunt for
the philosopher’s chips is in full cry. In
this delicious book—witty, informed,
open, rich in direct and candid testimo-
ny—a novelist reports her visits among
the ambitious projectors and her esti-
mates of what they do, say and plan. She
offers a good deal of wise reflection but
never one flow chart or formula. The
illustrations are all photographs of peo-
ple, natural intelligences every one, in
itself enough to render the book unique
in its semiarid domain. One is a little
rueful to note that in the photographs
nearly all the major figures in the field of
Al (artificial intelligence) appear rather
younger and more carefree than they
look today. Long gone is the Ratio
Club, an English Al group of the early
1950’s whose rule was that “any mem-
ber who reached the rank of full pro-
fessor ...automatically ceased to be a
member.” We can only hope that today
a few Hypergeometric clubs exist unsus-
pected by their bosses, undisclosed even
to such an ingratiating visitor.

These photographs include some “an-
cients” (the late Norbert Wiener, War-
ren McCulloch and John von Neumann
and the living hero Claude Shannon) but
not Walter Pitts or Alan Turing. The
historical treatment is particularly apt,
however, in its account of the life and
work of Turing, perhaps the most im-
portant of all the pioneers. (The prehis-
tory is reviewed in fine form, even to the
mythic aspects that still mold the meta-
phors of the field, from Pygmalion and
the Golem to Countess Lovelace and
her friend Charles Babbage, Ultra at
Bletchley Park, Isaac Asimov’s Three
Rules of Robotics and more.) Then we
meet the “moderns,” from Oliver Sel-
fridge, an assistant to Wiener himself,
through John McCarthy, Herbert Si-
mon, Marvin Minsky, Seymour Papert,
Allen Newell and more to a few of the
“risen,” such as Terry Winograd. Most
of the visits the author made were to the
four chief sites of the Al establishment
in the U.S,, at Stanford (doubled), the
Massachusetts Institute of Technolo-
gy and Carnegie-Mellon, with sources
enough beyond them to provide outside
perspective (freely offered too).

Like any thoughtful historian, Mc-
Corduck has divided her chronicle into
periods. In Part I she treats of the be-
ginnings, described above. Part II is
headed “The Turning Point.” She dates
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that to the first substantial U.S. confer-
ence on Al, at Dartmouth in 1956; there,
she says, the social structure of the field
was set. Newell and Simon arrived with
a working computer program that could
prove any of the theorems in Whitehead
and Russell. The dozen-person summer
session was less than impressed by this
genuine accomplishment, which none-
theless fixed the style for the next dec-
ade: a concentration on the notion of
computers as information processors
that flowered into puzzle solvers, theo-
rem provers, chess players and the like—
attributes not of intelligence so much
as of the young, bright, competitive, un-
certainly cocky types who led AL

The second phase can be understood
from a wonderful remark made by Joel
Moses at M.I.T. “The word you look for
and you hardly ever see in the early Al
literature is the word knowledge. They
didn’t believe you have to know any-
thing, you could always rework it all.
And it’s a tremendously arrogant person
who could believe that you could re-
work it all on the fly—start with this sim-
ple machine and just feed in a few things
and all of a sudden you get Einstein’s
theory of relativity.” It was perhaps
the manipulative robots they sought to
build that dispelled this illusion. Those
machines existed in little tabletop
worlds—real ones, not the world of puz-
zles and chess, where everything is set
down in deductive rules. Edinburgh,
M.LT. and the Stanford Research Insti-
tute all built contrivances that could see
and awkwardly modify their worlds,
rather like a slow toddler. The three-
dimensional world is a richer place
than the linear Principia Mathematica.

Time: the present. How is a deal of
knowledge to be represented, organized
and used? It is too copious to search
atomically. One needs it in chunks,
mapped in some expressive language,
not bit by bit but more powerfully. Ap-
plied Al arose out of this tendency. One
gave up the view that some quite ab-
stract kind of smartness could outguess
anything in the world and instead saw
that a lot of specialized knowledge helps
in solving significant, if particular, prob-
lems. We now have DENDRAL, a first-rate
organic chemist’s assistant, a real help in
finding plausible molecular frameworks
to suit the dizzying skyline of peaks that
comes from the mass spectrograph.
There is a fine algebraic program too, a
true calculator’s assistant, and there is at
least the promise of diagnostic aids for
physicians. One serious program seeks
to teach small children real mathemat-
ics: not just arithmetic but something
deep the youngsters can learn and mas-
ter, each in his own way.

A splendid couple of chapters deal
with criticism of Al, an activity that has
itself budded into a small intellectual
distipline. The most interesting portion
of that discussion is a chapter on a moral
question: Should a machine think? The
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chapter centers on the thoughtful book
of Joseph Weizenbaum of M.I.T., and it
is as lively as it is judicious in discussing
the reviews and the controversy. The de-
bate has the flavor of apostasy, since
Weizenbaum was the originator of the
most exciting of early simulations of fa-
miliar human relations, the conversa-
tional but hollow program EL1zA, which
was held by some to promise a cheap
machine-made psychiatric session.

Outraged, Weizenbaum elaborated a
serious moral position. Our author is
less than convinced. Of course what
should not be done by anyone should
not be done by an Al machine, but more
specific arguments against the intrinsic
morality of Al do not yet persuade.
When AI machines come into being,
they might well deserve our respect:
“We need all the practice in humility, in
loving andrespectingothers, that we can
get.” That future is tentative nowadays,
but it is not plainly impossible and not
clearly immoral. AI will be Copernican,
all right; it will move the center of mind,
but we live too early to see little moons
and ellipses.

It begins to look as though Al is learn-
ing that its model, natural intelligence
(NI?), is something itself deep, social, in
inner conflict, less than single-minded.
Oh, dreamers are still around, such as
the expert who sees the power of mod-
ern dense hardware and declares: “The
guy who first develops a machine that
can influence the world in a big way
may be some mad scientist living in
the mountains of Ecuador.... Once ar-
tificial intelligences start getting smart,
they’re going to be very smart very fast.”
His notion appears to be that of a ma-
chine capable of acting like “ten thou-
sand coordinated people in a building.”
Some readers might recall that there are
real organizations not unlike the one in
Santa Monica or in Langley, Va.; quite
apart from easy complaints, what have
those coordinated groups of thinkers
done for us lately?

Surely the lesson is that Al too will
have its contradictions, its philosophi-
cal uncertainties, even its schools of
thought. (Let those who will write the
smart programs, with their platoons of
chunky, well-stocked, cool goal seekers;
let me write their songs. They will have
songs, you know, or remain less than we
are.) The day is far off when we will live
in a silicon Eden watched over by ma-
chines of loving grace. More likely the
Al machines to come will be a lot more
like their putative makers: contentious,
half arrogant, half patient, amusing, po-
etic, marvelously versatile and showing
a strong tendency to abandon hard work
for greener pastures.

This fine study exhibits the microso-
ciology of a latent science, one that is
more promise than product. It displays
in open-eyed intimacy a coterie of hope-
ful artificers, forging new gods very halt-
ingly in their own image.



Stringent efficiency is no
sudden demand to the
engineers of Mercedes-Benz.
For 94 years they have built
cars with little else in mind.
And for 1980 they have
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another notch. Without down-
sizing bodies or engines, with-
out slashing weight or cutting
corners in quality or safety or
comfort, they have created the
most relentlessly efficient

Mercedes-Benz automobiles yet.

Diesels—and more power to them

In any ordinary year, it
would be major news that
Mercedes-Benz engineers had
boosted the performance of
their Diesel-powered cars.

And boost it they did—to a
healthy degree. The muscular
300 SD Turbodiesel is even
more muscular. The five-
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dary Diesel fuel efficiency
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in the 450 SEL Sedan, the 450 SL
Roadster and the 450 SLC

Coupe. Compare this to other
cars. Your mileage may differ
depending on speed, weather
conditions and trip length.

In 1980 as in 1886

Every car maker today speaks
of its products as being “right
for the times.” Mercedes-Benz is
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The Safety of Fission Reactors

By most standards they are quite safe. Three Mile Island nonetheless

confirmed that decisions about their future call for greater reliance

on quantitative methods of assessing risks presented by such systems

t the dawn of the nuclear age, in the
late 1940’s and early 1950’s, it
was fashionable to believe that

science, having “split the atom,” had
ushered in a new era of abundant, inex-
pensive energy. Such comments as the
one that electricity would soon be so
cheap that it would not be worth meter-
ing were perhaps excessive reflections of
that euphoria, but Americans had, after
all, been conditioned by a generation of
science fiction to expect the arrival of
atomic power in some form. Even in
retrospect it is not easy to see how one
could have foreseen that the next two
decades would bring with them a wide-
spread revolt against technology and, as
arelated event, a great debate about the
desirability of nuclear power. This arti-
cle is about one aspect of that debate.

Polls and ballot contests continue to
show that a majority of the American
people favor the further development of
nuclear power, particularly when they
are fairly presented with the alterna-
tives. Nevertheless, a substantial, con-
cerned and active minority have contin-
ued to raise three major issues: the po-
tential role of fission-power reactors in
the proliferation of nuclear weapons,
the long-term disposal of radioactive
wastes and the safety of the present gen-
cration of “light water” reactors. The
further spread of nuclear weapons to
untrustworthy parties is essentially a
political problem with some technical
components. Radioactive-waste dispos-
al is a problem whose technical solution
could take many forms, none of which
has yet materialized, in part because of
the agony of choice and in part for social
and political reasons. Reactor safety, in
contrast, would appear to be entirely a
technical problem. Alas, it is not.

In the first place, it is a rare debate
about reactor safety that does not in-
volve some manifestation of the uneasi-

by Harold W. Lewis

ness that frequently accompanies the
introduction of a new and unfamiliar
form of technology. This social phe-
nomenon seems, for example, to be a
contributing factor in the transforma-
tion of many old antiwar groups into
anti-nuclear-power groups, and it may
even account for the apparent prefer-
ence of some environmentalists for coal
burning over atom splitting. These pub-
lic positions have little to do with the
narrow technical questions involved in
the relative safety of generating elec-
tricity by heat from fission reactions.
In the second place, the study of reac-
tor safety itself must make a considera-
ble allowance for human behavior. The
decisions and actions of reactor opera-
tors are important not only to the initia-
tion and the management of accidents
but also to such matters as quality con-
trol, equipment maintenance, security
measures and the willingness of public
utilities to spend money on safety pre-
cautions. In fact, the report of the Presi-
dent’s Commission on the Three Mile
Island accident, headed by John G.
Kemeny of Dartmouth College, had lit-
tle to say about improving the design or
construction of light-water reactors. In-
stead it contained a blistering denunci-
ation of everyone connected with the
assurance of reactor safety, from the
equipment manufacturers through the
utility managers to the members and
staff of the Nuclear Regulatory Com-
mission (NRC). The Kemeny report as-
serted that a change in “mind-set,” or
mental attitude, was essential if nucle-
ar safety were to be assured. Hence it
emphasized such matters as the training
of operators, the enforcement of safety
regulations, the quality of leadership at
the NRC, the adequacy of emergency-
response plans for reactor accidents, the
organization of control rooms and sim-
ilar concerns. The report was notable
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for its lack of specific technical recom-
mendations for the enhancement of re-
actor safety. In part this omission can
be attributed to the fact that those tech-
nical changes that were clearly neces-
sary after the accident were already be-
ing implemented by the NRC and the
industry. It nonetheless remains true
that the emphasis of the Kemeny report
reflects the fact that there is a very real
nontechnical component to the assur-
ance of reactor safety.

How safe is safe enough? For the
most part people do not seek a
risk-free society, but they do find it hard
to manage risks that are not fully under-
stood and for which it is not easy to
establish conceptual bounds. To proper-
ly match risks against benefits when they
are measured in different units and when
passions run high has proved to be al-
most impossible, and our society is not
at its best in dealing with problems that
have both a technical content and a so-
cial one. Indeed, our institutional forms
are not designed for such matters. Ac-
cordingly far more attention has been
paid to the assessment of safety, as
distinguished from its assurance, than
would be the case if the only objective
were the enhancement of the benefit-to-
risk ratio. The result is that there is at
present no quantitative objective for re-
actor safety; instead there seems to be
a tacit acceptance of the principle that
anything that can be done to make reac-
tors safer is good. This is obviously not a
general principle of life, since if it were,
no one would ever get out of bed in the
morning, but it does serve as a handy
way to fill a void in understanding.

On the record, reactors can be consid-
ered to be perfectly safe, since no mem-
ber of the public has ever been injured
by a commercial-reactor accident, in-
cluding the one at Three Mile Island.
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The expression “perfectly safe” is of
course facetious, but the fact remains
that a reactor accident with public con-
sequences is demonstrably an extremely
improbable event, for which there is no
actuarial record. When any event, such
as a putative reactor accident, has a very
low probability but potentially severe
consequences, it means that safety anal-
ysis must be based on theoretical calcu-
lations rather than on experience, and
this leads to special problems. Before
discussing these problems I should first
briefly review what reactors are.

Nearly all the fission reactors in the
U.S. are of a type that employs ordinary
water to moderate, or slow down, the
fast neutrons emitted in fission reactions
in the reactor’s core. (They are called
light-water reactors to distinguish them
from the type that uses heavy water,
or deuterium oxide, as the moderator.)
Light-water reactors in turn are classi-
fied as either pressurized-water reactors
or boiling-water ones, and most operat-
ing light-water reactors are of the pres-
surized-water type. They are market-
ed by four venders: the Babcock & Wil-
coxCompany,Combustion Engineering,
Inc., the Westinghouse Electric Corpo-
ration and the General Electric Compa-
ny, with only General Electric supplying
the boiling-water type. The following
discussion concentrates on pressurized-
water reactors because they are the
commoner type.

Economies of scale have been making
these reactors increasingly large in
recent years, and current designs pro-
vide more than 1,000 megawatts of elec-
tric power per reactor, derived from
more than 3,000 megawatts of heat gen-
erated by fission reactions in the reactor
core. In round numbers the core con-
tains 100 tons of enriched uranium ox-
ide, arrayed in tens of thousands of fuel
rods. The uranium itself is enriched
from a natural concentration of .7 per-
cent of the fissionable isotope urani-
um 235 to approximately 3 percent. The
core is enclosed in a steel pressure ves-
sel, typically a few meters in diameter
and 10 meters high, with walls several
tens of centimeters thick. The core is
cooled by two or more independent wa-
ter loops, whose heated water (under
a pressure of some 2,000 pounds per
square inch) transfers its heat in a steam
generator to a secondary loop, which in
turn provides steam to a conventional
steam turbine. (A boiling-water reactor
lacks the intermediate loop; instead it
relies on the heat of the reactor to direct-
ly boil water for the turbine.) The entire
system costs about $1 billion.

An essential point, both for control
and for safety, is that a nucleus undergo-
ing fission (at the beginning of core life
such nuclei are entirely those of urani-
um 235, but at the end there is a substan-
tial contribution from the plutonium
nuclei produced by nuclear reactions
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in the interim) does not produce all
the secondary neutrons required for the
chain reaction at once. Nearly 1 percent
of the neutrons are delayed for intervals
ranging from a fraction of a second to
more than a minute; as a result it is pos-
sible for control systems with response
times measured in seconds to adequate-
ly control the reactivity of a reactor in
normal operation.

The normal operating mode of a re-
actor is one in which prompt neutrons
alone cannot sustain a chain reaction,
but prompt neutrons together with de-
layed neutrons can. Only the delayed
neutrons are controllable; a situation in
which a reactor became ‘“‘prompt criti-
cal” would be a disaster. (Even so, it is
physically impossible for a power reac-
tor to explode like an atomic bomb, a
fact that seems singularly hard to prop-
agate.) It is the function of the control
rods to control the reactivity in nor-
mal operation, to adjust for the gradual
burnup of the fuel and to shut the reac-
tor down in an emergency (by stopping
the chain reaction). The latter opera-
tion is known as SCRAM, and failure to
“scram” in an emergency could lead to
extremely serious consequences. Such
a failure has never happened.

The hazard associated with a nuclear
reactor lies in its inventory of radioac-
tive waste, coupled with the possibility
that some of it might escape from the
reactor’s containment system. The reac-
tor begins operation with a compara-
tively low level of radioactivity, but it
gradually accumulates radioactive fis-
sion products in the fuel rods. If the re-
actor has been at full-power operation
for a year or so, this inventory is on the
order of 10 billion curies, an amount
that can be put in perspective by remem-
bering that as the curie was originally
defined it was intended to represent the
radioactivity of one gram of radium.
Thus the maximum inventory is, rough-
ly speaking, equivalent to 10,000 tons of
radium, and the essence of reactor safe-
ty is to prevent the dispersal of this radi-
oactivity into the biosphere.

Areactor is a very complex device,
and in the early days of nuclear
power it was thought that it was beyond
the state of the art to calculate the prob-
ability of a reactor accident. For this
reason some early efforts concentrated
on calculating the maximum public con-
sequences of a hypothetical major reac-
tor accident; it was quickly found that
these effects could be very large indeed,
mainly because there was no basis for
choosing how improbable the hypothet-
ical accident might be. (The importance
of this point has become more widely
recognized in the aftermath of the Three
Mile Island accident.) In any case it was
not until six years ago that a serious ef-
fort was mounted to calculate both the
probability and the consequences of a
major reactor accident.
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Let us next consider what is known
about the adverse health effects of radia-
tion on people. Although there is some
uncertainty on this point, there is far less
than is often alleged, and the picture is
approximately as follows. Large doses
of radiation, on the order of 500 or 600
rems (a rem is a unit of radiation expo-
sure, standing for roentgen equivalent
man), are fatal to approximately half of
the people exposed, but only a few peo-
ple would be exposed to such large dos-
es even in the severest reactor accident.
One is mainly concerned with much
smaller doses, received by much larg-
er numbers of people; here the picture
is somewhat less clear, and the conse-
quences (latent cancers and genetic de-
fects) are quite different. Nevertheless,
there is a reasonable consensus among
experts that latent cancers, appearing
over a period of up to 30 or 40 years
after the exposure, are the principal
problem, and that the rate is approx-
imately one latent fatal cancer per
10,000 man-rems of exposure.

According to this mode of analysis,
known as the linearity hypothesis, such
exposures add linearly, independently
of the number of people exposed, the
length of the exposure, the dosage or
any other factor. It is by no means clear
that the linearity hypothesis is correct,
but it makes calculations easier and
therefore is widely used as a basis for
public policy. It is generally agreed by
the experts (with little dissent) that the
linearity hypothesis represents an upper
limit on the damage due to low doses of
radiation, and there is a substantial and
respected minority, perhaps even a ma-
jority, who think that it is a gross over-
estimate. The issue is unresolved, and it
would seem to be a prudent and con-
servative course to adhere to the lineari-
ty hypothesis.

This is the position that has been tak-
en up to now, for example, by the Advis-
ory Committee on the Biological Effects
of Ionizing Radiations (the BEIR com-
mittee) of the National Academy of Sci-
ences, largely because the effects of radi-
ation become smaller as the dosage de-
creases, so that the data become sparser.
In the middle of last year the BEIR com-
mittee issued a draft report that had a
bare majority of the group supporting
the linearity hypothesis and a vigorous
minority who thought the data were
now good enough to justify saying that
the linearity hypothesis overestimates
the risk of radiation damage by a con-
siderable margin. The minority then be-
came a majority, making necessary a re-
traction of the part of the report dealing
with the linearity hypothesis; the ques-
tion of whether it will be reissued with
the same position or the opposite one (or
some compromise) is at this point un-
clear. Either way it is fair to say that the
segment of the expert community that
believes the linearity hypothesis overes-
timates the effects of radiation is much



stronger now than it was in previous
years. If this view were to prevail, it
would have a major impact on the cal-
culated health effects of a large nuclear
accident, since the calculated exposures
from such an event are in just this low-
dosage range.

Ew-level dosages of radiation can be
put in perspective by reference to
everyday experience. All of us live in
a sea of radiation from many sources,
from which there is no escape. Cos-
mic rays, which impinge on the atmo-
sphere from space, give each person on
the earth an average dosage of approxi-
mately 50 millirems per year (a millirem
is a thousandth of a rem), although peo-
ple who live at high altitudes receive a
substantially higher dosage from cosmic
rays. Medical and dental X rays also
provide an average exposure to Ameri-
cans of approximately 50 millirems per
year, although again there are wide var-
iations in individual exposure. Natu-
ral background radiation from such
sources as bricks and granite, and from
one’s own blood and bones, provides an-

PRESSURIZED-WATER REACTOR of
the same type as the ones installed at the
Three Mile Island Nuclear Generating Station
is depicted in this cutaway drawing. The core
of such a reactor typically contains about 100
tons of low-enriched uranium oxide, arrayed
in tens of thousands of fuel rods. The fuel as-
semblies are enclosed in a heavy steel pressure
vessel, measuring roughly four meters across
by 10 meters high. The particular reactor
shown here is designed to be cooled by two
independent water loops; in each loop super-
heated water at high pressure is circulated
through a steam generator, transferring heat
to a secondary loop, which in turn provides
steam to drive a conventional turbine-gener-
ator set. (The ordinary water used to moder-
ate, or slow down, the fast neutrons emitted
by the core is commonly referred to as light
water to distinguish it from the heavy water,
or deuterium oxide, that serves as the moder-
ator in another major type of reactor.) The
function of the control rods is to modulate the
reactivity of the core in normal operation, to
adjust for the gradual burnup of the fuel and
to shut down the reactor in an emergency. In
the accident at Three Mile Island last March
the control-rod drive mechanism worked prop-
erly, stopping the chain reaction in the core
eight seconds after the beginning of the ac-
cident. Because of a sequence of human er-
rors compounded by a key equipment failure,
however, the supply of cooling water to the
core was subsequently cut off, leaving the fuel
assemblies uncovered for several hours. Dur-
ing this period the residual heat generated by
the radioactive decay of fission products in the
fuel caused substantial damage to the core. In
addition hydrogen gas formed as a result of
the oxidation of zirconium in the cladding of
the fuel rods by steam from the boiling water
collected in the top of the reactor vessel, lead-
ing to fears that the “hydrogen bubble” thus
created might explode. It is now known, how-
ever, that there never was a chance of such an
explosion inside the reactor vessel, owing to
the negligible amount of free oxygen there.
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other 50 millirems or so per year. The
average American therefore receives
approximately 150 millirems per year,
or 10 rems in his lifetime, a dosage that
would, according to the linearity hy-
pothesis, contribute approximately .1
percent to his chance of dying of cancer

in his lifetime. Mortality statistics show
that the probability of dying of cancer at
this time in the U.S. is somewhere be-
tween 15 and 20 percent.

The principal health consequence of a
reactor accident would arise from this
induction of latent cancers through the

release of radioactivity, and the objec-
tive of reactor-safety analysis is to deter-
mine what the probabilities of different
releases are.

What, then, can go wrong with a reac-
tor to release radioactivity, and what
can be done about it? Because a reactor
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SIMPLIFIED DIAGRAM of the nuclear-power plant known as
Three Mile Island, Unit 2, can be used to trace the sequence of events
involved in the accident. It all began when the main feedwater pumps
in the lower level of the turbine building tripped, interrupting the re-
moval of heat from the primary system. As a result the temperature
and hence the pressure in the primary system began to rise, causing
the pressure-relief valve at the top of the pressurizer tank in the pri-
mary loop to open; the increase in pressure also actuated the reactor’s
SCRAM mechanism, which promptly performed its designed func-
tion of inserting the control rods into the core, shutting down the re-
actor. At this point, however, two things were wrong that were not
known to the operators: (1) a pair of block valves in the discharge
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lines of the emergency feedwater pumps, which were supposed to be
open at all times during the normal operation of the plant, had inad-
vertently been left closed sometime before the accident, causing a
loss of feedwater to the steam generators, which soon boiled dry; (2)
more important, the primary pressure-relief valve failed to close after
about 15 seconds, when the pressure had decreased sufficiently for it
to do so, creating a hidden leak in the primary system. The closed
block valves in the emergency feedwater lines were discovered and
opened some eight minutes after the onset of the accident, probably
soon enough to prevent damage to the plant, but the leaky relief valve
was not discovered and blocked off until nearly two and a half hours
into the accident. The operators, misled into believing there was too
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is complicated, there are many sources
of malfunction that can cause it to mis-
behave. In order for the public to be en-
dangered, however, it is necessary for
some of the inventory of radioactivity to
escape from the containment building,
and that is likely only if the core is dam-

TURBINE BUILDING

aged. For most accident scenarios this
event in turn depends on the “afterheat”
that continues to be generated by the
decay of radioactive fission products in
the fuel rods, which amounts to some
200 megawatts immediately after shut-
down and decreases gradually over a pe-

riod of seconds, minutes, days, weeks
and ultimately months. The function of
much of the safety equipment is to keep
the reactor core cool in the aftermath
of a malfunction. In principle this is ac-
complished through redundancy of vital
functions, specifically engineered safety
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much water in the primary system whereas in fact there was too little,
then took several actions that made the problem worse rather than
better. They let the emergency core-cooling system, which had func-
tioned properly, turning itself on automatically two minutes into the ac-
cident, run for only a couple of minutes before they turned it off; later
they also stopped the four main coolant-circulating pumps in the pri-
mary loop, thereby further diminishing the ability of the system to re-
move heat from the core. It was as a direct result of these actions that
the core sustained an unknown amount of damage during the period
beginning about an hour and a half after the accident began. The
loss of coolant through the defective relief valve also caused a large
amount of water, some of it radioactive, to spill through a rupture disk

in the drain tank, filling the sump of the containment building, from
which it was pumped to a series of radioactive-waste storage tanks
in the auxiliary building; these tanks in turn overflowed, leading to
the escape of a small amount of radioactivity to the environment. At
about nine and a half hours into the accident a pocket of hydrogen
in the upper part of the containment building ignited, but the build-
ing appears to have suffered little if any damage from this “burn.”
The accident was essentially over some 16 hours after it began. The
removal of the radioactive atmosphere from inside the containment
building, the decontamination of the spilled radioactive materials
and the disassembly of the damaged parts of the reactor itself are ex-
pected to keep the plant out of service for at least two more years.
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features, quality control and other pre-
cautions.

Until the Three Mile Island accident
the most widely discussed type of reac-
tor malfunction was the loss-of-coolant
accident. A typical hypothetical major
loss-of-coolant accident might go as fol-
lows. A large pipe in the primary cool-
ing system ruptures, either by chance or
as a result of another event, causing a
sudden depressurization of the water in
the pressure vessel, which is at 350 de-
grees Celsius and therefore boils. Boil-
ing water does not provide adequate
cooling to the core, which even after a
successful SCRAM begins to heat up as
a result of the radioactive afterheat. At
this point the emergency core-cooling
system comes on, flooding and spraying
the core with new cooling water in suffi-
cient volume to prevent the core from
melting. In this scenario the procedure
continues indefinitely until plumbing re-
pairs are made and the reactor is put
back in operation.

What if the emergency core-cooling
system does not operate properly? The
valves might not work; the injected wa-
ter might simply boil out of the broken
pipe without cooling the core; the calcu-
lations used to design the system might
be in error (no full-scale test has ever
been made); there might be a break in
the pressure vessel below the level of the
core; the operators might do something
foolish that would prevent the safety

VALVE THAT FAILED to reseat, or close
again, at an early stage in the Three Mile Is-
land accident is shown in this detailed diagram
in two positions: closed (fop) and open (bot-
tom). The valve, called an Electromatic valve
by its manufacturer, the Industrial Valve and
Instrument Division of Dresser Industries,
Inc., is designed to operate as follows. Steam
from the pressurizer enters the main valve
from below and passes into an outer cham-
ber. The steam also enters an adjacent inner
chamber behind the valve disk through a hole
in a screw; the pressure in the two chambers
is the same when the disk of the pilot valve
closes off the tube connecting the main valve
to a portin the pilot valve. The pilot-valve disk
is normally held closed by a spring and by the
pressure of the steam in the pilot-valve cham-
ber. The pilot valve is opened by a lever when
the plunger of the solenoid mounted above
it strikes the lever. Steam is then released from
the inner chamber in the main valve through
the connecting tube and out the port in the
pilot valve at a rate faster than it is supplied
through the screw hole. The resulting imbal-
ance of pressures in the chambers of the main
valve produces a force that moves the main-
valve disk downward, allowing steam to es-
cape from the outer chamber through the out-
let to the discharge pipe. The solenoid plung-
er is actuated by a control system that can be
operated in either a manual or an automatic
mode. At Three Mile Island the position of the
main valve was not sensed directly; instead an
indicator lamp on the main control panel sig-
naled that the solenoid had been actuated, and
the position of the solenoid was considered
to be indicative of the position of the valve.



systems from doing their job, and so on.
In any of these cases the core could melt,
but even then there might not be a disas-
ter. One hears of the “China syndrome,”
which is a way of saying that the core
might simply melt its way down into the
earth and never be heard from again. In
that event the site would present a prob-
lem, but little if any harm would come
to the public. On the other hand, the
molten core might interact with the wa-
ter in the system to cause a steam ex-
plosion or to simply breach the outer
containment building through the de-
velopment of excessive steam pressure.
In that event part of the inventory of
radioactivity could be released, the ac-
cident everyone wants to prevent.

have gone through the preceding sce-

nario simply to illustrate the fact that
a reactor accident requires a long se-
quence of events, each having a “what
if” associated with it. It is absolutely
correct to say that any of these things
could happen, just as it is correct to list
thousands of other possible scenarios
that could be realized, but listing all the
things that could happen is only a small
step toward the understanding of reac-
tor safety. One does not play the same
game with airplanes because they are
more familiar, but a simple exercise
along these lines, without quantification,
would greatly enhance one’s fear of fly-
ing. It is therefore extremely important
not only to list the possible accident se-
quences but also to associate with each
sequence some kind of probability of
occurrence and also some estimate of
the amount of radioactivity released.
Only then can one make rational choices
about the places for concern, programs
to enhance reactor safety and so forth.

Some six years ago the Atomic Ener-
gy Commission asked Norman C. Ras-
mussen, professor of nuclear engineer-
ing at the Massachusetts Institute of
Technology, to put together a team to
make just such a quantitative analysis of
the safety of light-water reactors. The
60-member team was to look in great
detail (generalizations are of little use in
the serious discussion of the safety of
such systems) at one typical pressurized-
water reactor and one typical boiling-
water reactor, to determine the most sig-
nificant sequences of events that could
lead to an accident and to estimate both
the probability of each sequence and the
consequences. The consequences were
to include prompt fatalities, the induc-
tion of latent cancers, genetic defects
and property damage. It was a monu-
mental task. The final report, issued in
1975, is referred to variously as WASH-
1400, NUREG-75/014, the Reactor
Safety Study or simply the Rasmussen
report. It is one foot thick.

The Rasmussen group estimated the
overall probability of a sequence of
events leading to a core melt as one
chance in 20,000 reactor-years of opera-
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“SCRAM” MECHANISM incorporated into the control-rod drive system of a pressurized-
water reactor is shown here both before (lefr) and after (right) an emergency actuation. Ordi-
narily the control rods are moved in bundles into and out of the core by means of a drive line
connected to a magnetically driven, collapsible rotor through a set of four roller nuts. The rota-
tion of this assembly, which is held in place magnetically, moves the lead screw of the control-
rod drive line up and down during normal operation. In an emergency the magnetic field is
turned off, the rotor collapses (with an initial spring assist), the roller nuts disengage from the
drive line, and the control rods fall by gravity into their fully inserted position in the core, there-
by achieving rapid shutdown of reactor. No reactor has ever failed to “scram” in an emergency.

tion; they found that the average core
melt would itself not present a major
threat to the public health and safety,
and they concluded (in a widely quoted
and equally widely criticized statement)
that the likelihood of an average citi-
zen’s being killed in a reactor accident is
about the same as the chance of his be-
ing killed by a falling meteorite.

Given the temper of the times it was
not surprising that the Rasmussen re-
port came under a storm of criticism,
some cogent and proper, some strident
and irrational. Among the objections
raised were the following: (1) The sys-
tem is simply much too complex to
quantify, (2) the data base on compo-
nent-failure rates does not support such
a calculation, (3) improper and incor-
rect statistical procedures were fol-
lowed, (4) common-cause failures (in
which several ostensibly independent
components fail at once owing to a sepa-
rate common cause such as an earth-
quake) were inadequately treated, (5)
low-probability events are intrinsically
impossible to quantify, (6) human be-
havior was inadequately treated, (7) the
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role of quality assurance and failures
thereof were inadequately treated, (8)
and so forth.

All these issues are indeed difficult,
particularly the last, and there is no
way to do justice to them in a short arti-
cle. Many of the criticisms are also justi-
fied, and the NRC subsequently solicit-
ed a report of another committee, the
Risk Assessment Review Group, that la-
bored for a year on all these questions
and ended up by describing in its own
report a number of serious deficiencies
in the Rasmussen one. Nevertheless, the
review committee (of which I was the
chairman) strongly supported the objec-
tive of quantitative safety analysis, com-
mended the Rasmussen group for a pio-
neering effort and urged the NRC to
make much more extensive use of quan-
titative analysis in the regulatory proc-
ess. I shall discuss these issues below,
but first I should like to illustrate the
character of the technical questions by
mentioning a few selected problems in
connection with the analytic approach
taken in the Reactor Safety Study.

On the issue of statistical procedures
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the most famous (but not necessarily the
most important) case concerns the con-
trol rods in a boiling-water reactor. An
average reactor of this type suffers some
kind of mishap requiring operation of
the SCRAM system between five and
10 times a year. Electrical outages, tur-
bine trips, control failures and similar
malfunctions are examples of events in
which it is necessary to terminate the
nuclear chain reaction promptly in or-
der to prevent damage to the reactor (or
worse). To assess the safety of the reac-
tor it is therefore necessary to know
what the probability is that the SCRAM
mechanism will fail.

The problem encountered in estimat-
ing this probability is that the SCRAM
systems are so important and so well
designed that the event in question
(SCRAM failure on demand) has never
happened, and therefore there is no ba-
sis in experience from which to assess
the reliability of the system. On the oth-
erhand, there are cases where individual
rods have failed to insert fully (approxi-
mately once every 10,000 requests), and
so one can begin to assess the likelihood
that a single rod might not do its full job.
One rod failure, however, does not
make a SCRAM failure, and the first
problem is to decide exactly how much

failure within a system constitutes a
failure to “scram.” The Rasmussen re-
port simply asserted that the failure of
three adjacent rods could be considered
a failure to “scram” and that the proba-
bility of this event’s occurring through
independent failures of any particular
triplet is therefore the product of 10-4
multiplied by itself three times, or 10-12
(that is, one chance in a trillion). This is
a ridiculously small number, reflecting
the fact that the fortuitous failure of
three adjacent control rods is really not
a major threat to a reactor, and so one
must look elsewhere for a source of
SCRAM failure.
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COMPLEXITY OF THE FLUID SYSTEM associated with a large
pressurized-water reactor is suggested by this schematic diagram tak-
en from an operator-training manual prepared by the staff of the Nu-
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clear Training Center of the Babcock & Wilcox Company. The sys-
tem illustrated is that of a simulated nuclear-power plant that is sim-
ilar in size and design to the two units at Three Mile Island, both of



At this stage one brings in experience
with other systems, which indicates that
component failures are most often iso-
lated but approximately 1 percent of the
time are part of a more general system
failure. If this were true of the control
rods in the preceding example, then one
would expect that of the 10-4 probabili-
ty of failure for a single rod about 1
percent, or 10-6, would be the result of
some more general common-cause con-
tribution that would carry the other rods
with it. In that case the probability of
SCRAM failure (before due allowance
for the number of triplets of adjacent
rods in a reactor) would be 10-6,

One has here two completely differ-
ent models of triplet failure, one model
based on individual malfunctions and
the other on the existence of some kind
of external cause. It was maintained in
the Rasmussen report that there was no
good way to choose between the models
and that the truth must lie somewhere
between them; the procedure resorted to
was simply to take the geometric mean
of the two numbers, which is 10-9, or
one chance in a billion. There may
somewhere be a statistician who be-
lieves this is a valid procedure, but
he has yet to make himself known.
One sympathizes with the Rasmussen
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which were built by Babcock & Wilcox. The figure is described in the manual as “a simplified
composite diagram showing the nuclear steam system, steam and power conversion system,
and major auxiliary systems.” Key at lower right gives components. Primary loops are in color.
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team in their compulsion to quantify the
probability of something that has never
happened and for which a mechanism of
occurrence has not even been formu-
lated. Although better estimates of the
probability of SCRAM failure exist, no
estimate is very satisfactory. It is simply
a most unlikely event that is poorly un-
derstood.

Alother issue worth mentioning is the
problem of conservatism v. real-
ism. It is universally assumed, and re-
garded by some as obvious, that the reg-
ulatory process in the nuclear industry
and other industries that can affect the
public health and safety requires a gen-
erous measure of conservatism in esti-
mating risk. A great deal of ignorance
can be masked by conservatism, and it is
an accepted way of life in the design of
safety measures. (Clearly there are some
cases where such conservatism is scarce-
ly even considered. For example, if the
wings of an airplane were designed as
conservatively as a bridge is, the air-
plane would be too heavy to fly. There-
fore airplane wings are designed to a
safety factor of 1.5, a fact that frightens
many people who learn of it.)

The relevance to the Reactor Safety
Study is that the mission of Rasmussen’s
team was to make realistic estimates of
reactor-failure probabilities, employing
people whose entire life training was to
err on the side of conservatism. It is hard
to shake the habits of a lifetime, and
the Rasmussen group did not escape
the trap. For example, in the case men-
tioned above the very definition of con-
trol-rod failure was conservative, in that
arod was deemed to have failed if it did
not insert fully. A rod that misses full
insertion by a few inches may well do
most of its job of controlling the neutron
flux, but by this definition it is still a
failed rod. There are many other exam-
ples of this kind of assumption scattered
through the Reactor Safety Study, so
that this particular factor lends a conser-
vative bias to the Rasmussen report.

The only other problem area I shall
discuss specifically is the one of human
behavior. In spite of all the automatic
control systems, reactors are operated
by people, and compared with machines
people are marvelously innovative and
resourceful and at the same time falli-
ble. In the early stages of any possible
reactor accident it is the automatic con-
trol systems that sense the disruption of
normal operation and trigger the reac-
tor’s SCRAM mechanism, turn on aux-
iliary pumps and actuate auxiliary die-
sel generators or whatever is needed to
replace the vital function lost. Neverthe-
less, the proliferation of possible scenar-
ios soon exceeds the capability of any
automatic system to sense the proper
response, and human judgment comes
into play. At this point human action
may be curative, it may be ineffective or
it may aggravate the problem in the re-
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actor. In fact, the entire sequence of
events may have begun because of an
error of human performance. It is ex-
tremely difficult, in fact impossible at
present, to quantify human behavior on
the average, let alone under stressful
and unforeseen conditions. The history
of technology provides many examples
of cases where human beings have devi-
ated from the norm in both directions,
sometimes by extraordinary amounts.

he Rasmussen group recognized the

problem of accounting for this un-
certainty, and they consulted many of
the right people, but there is a limit to
what they could accomplish in this area.
The conclusion is, as knowledgeable
people have been saying for years, that
human performance on the negative

side is one of the ultimate limits to the
safety of nuclear reactors, whereas hu-
man performance on the positive side
is one of the great unquantifiable assets
to safety in the course of an accident.
Although one can make more significant
statements than this one, it remains, and
it probably will remain, a fact that the
quantification of human behavior is far
less advanced than the quantification of,
say, the probability of a break in a pipe.

I have given these few examples sim-
ply to illustrate that the detailed calcula-
tion of the probability of a reactor acci-
dent through the “fault tree/event tree”
technique utilized in the Rasmussen re-
port is extremely difficult. Reflecting on
the problem, the Risk Assessment Re-
view Group concluded that the calcula-
tions of the Reactor Safety Study were
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EVENT-TREE ANALYSIS is one of two logical techniques devised to assess the safety of nu-
clear reactors. Both event-tree analysis and its inverse, fault-tree analysis (see illustration on
opposite page), are based on a form of binary logic in which an event is deemed to have either
happened or not, or a component is deemed to have either worked properly or not. Events in
which something is partially degraded are not included in fault-tree/event-tree analysis, and
that is one of its imperfections. An event tree begins with some initiating event and follows the
consequences of that event through a large number of possible chains, assigning to each branch
a probability of occurrence; the end result is a long list of the possible ¢ of the ini-
tiating event in which each consequence has associated with it a certain probability. In this
simplified event tree for a large loss-of-coolant accident, for example, the initiating event is as-
sumed to be a pipe break, the probability of which is signified by P4. The subsequent events
depend on whether the break occurs at a time when the electric power is on or off, and a prob-
ability Pp is assigned to the failure of electric power at the time of the break. (Since the proba-
bility of such a failure is generally less than .1, the probability of success, or 1 — Pp, is always
close to 1. Hence the probability associated with the upper branches in the tree is assumed to
be 1.) One then follows each of the two branches, asking next what the probability of failure of
the emergency core-cooling system is, which in turn will depend on the availability or nonavail-
ability of electric power. In the example shown the probability of failure of the emergency
core-cooling system in the absence of electric power is P, , and that branch leads farther down
the tree. The worst possible case is that given at the bottom, in which the electric power, the
emergency core-cooling system, the fission-product removal system and the containment sys-
tem have all failed, resulting in a very serious accident. The topmost branch illustrates the situa-
tion in which the pipe does indeed break, but all the other systems perform flawlessly, so that
no risk to the public ensues. The task of event-tree analysis is to estimate the probabilities of all
intermediate chains of events in such a way that an overall assessment of the risk can be made.
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not as good as had been maintained but
that it was not possible to determine
whether there was any net bias in either
the positive or the negative direction. In
other words, one could not say that the
probability of a major reactor accident
was either larger or smaller than the one
calculated in the Reactor Safety Study;
one could only say that the uncertainty
of the calculation was far greater than
had been stated in the Rasmussen re-
port. This is not a particularly helpful
conclusion, but it describes the true state
of affairs.

The Risk Assessment Review Group
also concluded that the techniques of
quantitative risk assessment, epitomized
by those used in the Reactor Safety
Study, were extremely valuable and
should be far more widely applied in
the process of regulating the nuclear in-
dustry. Such probabilistic techniques,
which provide guidance on the impor-
tant issues in reactor safety, would be
helpful in determining the priorities of
the NRC both in its safety-research pro-
gram and in the deployment of its regu-
latory and inspection resources. The is-
sue of whether risk assessment should
be deterministic or probabilistic is a
controversial one, and I shall not go into
it here.

What does all this have to do with the
accident at Three Mile Island? A full
discussion would be beyond the scope of
this article, but the main features of the
story are as follows.

he nuclear reactor known as Three

Mile Island, Unit 2, is on an island in
the middle of the Susquehanna River,
near Middletown and Harrisburg, Pa.
Since it is a pressurized-water reactor, it
has both a primary cooling system de-
signed to carry the fission heat to the
steam generator and a secondary cool-
ing system to carry steam from the
steam generator to the turbine and con-
densed water back to the steam genera-
tor. Each of these systems has its own
group of pumps, the former called the
reactor-cooling-system pumps and the
latter the feedwater pumps. Both sys-
tems are required to transfer heat from
the reactor core to the outside world,
beyond the containment building.

At almost exactly 4:00 A.M. on March
28, 1979, the main feedwater pumps
tripped, so that the mechanism for re-
moving heat from the primary system
was interrupted. Since this is not an un-
usual event, there are safety systems
whose function it is to replace the main
feedwater pumps. They consist of a set
of three pumps, two electric and one
steam-driven (so that at least one will
work in the event of a complete loss of
electric power). All three of the pumps
went on automatically, as they were
supposed to. Nevertheless, it takes some
time, approximately 15 seconds, for the
pumps to build up to their normal de-
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FAULT-TREE ANALYSIS proceeds in exactly the opposite direc-
tion, tracing backward in time the many different ways a particular
defect in a reactor could have begun and assigning to each of these
paths a probability, so that in the end the overall probability of that
fault’s occurring can be calculated. In this case the logical structure
of the analysis is Boolean algebra, and its language consists of “gates,”
several of which are indicated in the diagram, which is adapted from
the Reactor Safety Study’s analysis of the probability that the acci-
dental fire at the Brown’s Ferry No. 1 reactor in Alabama in 1975
could have been much more serious than it actually was. In that event
the fluid inventory in the core of the reactor was maintained by re-
sorting to the control-rod-drive pumps, which were not designed for
that purpose. There were a number of options open to the operators
at the time, however, and a failure to maintain the fluid inventory
would have meant that none of these options was successfully im-
plemented; accordingly this particular fault tree consists entirely of
“and” gates, symbolized by the half-rounded figures in the diagram.
(An “and” gate signifies that all the input statements must be true be-
fore the output statement is true, and therefore the input probabili-
ties must be multiplied by each other in order to compute the out-
put probability.) Suppose, for example, that in the right-hand branch
of the diagram one seeks to know the probability that the operators
would have been unable by the stratagem of steam relief to keep the
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pressure in the primary reactor-coolant system below 350 pounds per
square inch, the pressure above which the control-rod-drive pumps
would not work. There were two ways this failure could have come
about, either by a failure to repair the main steam-isolation valve or
by afailure of the other 11 relief valves. The former failure was con-
sidered certain, whereas the latter was assigned a probability of 6 per-
cent(or P = .06) by the authors of the Reactor Safety Study; hence they
calculated that the probability of the loss of pressure control through
steam relief was also 6 percent. There was a possibility at the time of
the accident, however, that the operators could have provided an al-
ternative high-pressure coolant-delivery system to augment the con-
trol-rod-drive pumps. The study group assigned a 95 percent proba-
bility to the chance that this approach would have been successful,
leaving a 5 percent probability of failure. Since both negative circum-
stances (the loss of steam relief and the failure to provide high-pres-
sure water injection) were necessary to cause a loss of cooling ability,
the two probabilities are shown multiplied in an “and” gate, leading
to an overall probability of .3 percent (P = .003) for failure to cool the
core. In other words, the study concluded that there was roughly one
chance in 300 that the Brown’s Ferry accident could have led to a
core melt. In spite of limitations of such analyses, the author main-
tains that “the use of this methodology in the Reactor Safety Study
was a giant step forward in the rational analysis of nuclear safety.”

sign pressure, and in the interim the
primary system was heating up and its
pressure was increasing. In response to
the increase of pressure the SCRAM
system went into action, shortly after a
pressure-relief valve had opened to re-
lieve the pressure in the primary system.
All of this was quite proper and accord-
ing to plant design.

Unfortunately there were at this point
two things wrong that were not known
to the operators. The first problem was
that the emergency feedwater pumps
had in their discharge lines two block
valves that are normally used for main-
tenance. These valves are supposed to
be open at all times during the operation
of the plant (although one valve at a
time may be closed for short periods),
but they had been inadvertently left
closed at some time not yet firmly es-
tablished, but probably about two days

before the accident. Therefore the sec-
ondary system had no pumping capacity
whatever and the steam generators soon
boiled dry. The second problem was
that the primary-system relief valve,
which is at the top of the pressurizer, had
been de-energized after about 15 sec-
onds but had failed to reseat. Hence the
primary system itself now had a leak,
unknown to the operators. (This partic-
ular valve was known to be leaky, and
the plan had been to replace it at the
next routine maintenance of the plant.)

There then followed a long and com-
plex series of events and actions, dur-
ing which the inadvertently closed block
valves were discovered and opened (ap-
proximately eight minutes after the
onset of the accident, probably soon
enough to prevent damage to the plant),
but the leaky relief valve was not discov-
ered and blocked off until nearly two
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and a half hours into the accident. Dur-
ing this period the operators had been
misled into believing they had too much
water in the primary system whereas in
fact there was too little. For example,
when the automatic emergency core-
cooling system turned itself on two min-
utes into the accident and began to do its
proper job of cooling the core, the oper-
ators let it function for only a couple of
minutes before turning it off. The result
was that the core ultimately lay uncov-
ered for a period of hours, during which
substantial fuel damage (but probably
no melting) occurred, before the situ-
ation was finally brought under con-
trol. It was during this period that the
well-publicized “hydrogen bubble” was
formed from the oxidation of zirconium
in the cladding of the fuel rods and col-
lected in the upper part of the reactor’s
pressure vessel. The bubble and the dra-
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matic race against time to see whether it
could be disposed of beforeenough oxy-
gen collected in it to produce an explo-
sion occupied the nation’s attention for
several days. It is now known that there
was never any chance of a hydrogen ex-
plosion in the reactor vessel.

It would be possible to write a book
about the details of the Three Mile Is-
land event, and such books are now be-
ing written. This brief sketch, however,
is sufficient both to bring out the major
safety points and to assess the public
reaction to the accident.

First of all, was this kind of accident
predicted by the authors of the Re-
actor Safety Study? The Rasmussen re-
port did in fact consider the possibility
that the two block valves on the emer-
gency feedwater system could be inad-
vertently left closed during routine main-
tenance. Although this valve closure
may not have contributed to the dam-
age in the reactor, it certainly did con-
tribute to the early confusion and there-
fore to the subsequent course of events.
The further development of the acci-
dent, and in particular the formation of
thehydrogen bubble, wasnot foreseen by

.
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any of the early analyses, in part because
analyses never go more than a few steps
down the sequence. Hence after a fairly
short time the operators were dealing
with a situation that had not been fore-
seen and for which they had no relevant
training. It was at this point that actions
were taken that in retrospect clearly
seem to be inappropriate but for which
the justification seemed adequate to the
operators on the scene. One should be
slow to second-guess trained people op-
erating in a crisis situation.

There are two interesting lessons to
be learned from the Three Mile Island
event, one technical and the other social.
On the technical side it is now easy to
look back and see that there were three
main ingredients to the accident se-
quence: a transient (a temporary abnor-
mal condition) exacerbated by human
behavior (the closed block valves), fol-
lowed by a small loss-of-coolant acci-
dent (the stuck relief valve) and subse-
quent human error. It is interesting that
experts have been saying for years that
these three elements are major threats to
areactor and thatthe NRC has not been
paying enough attention to them. It may
well be that the regulators have been so

o
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busy fighting off the interveners, who
most frequently and most vigorously
have brought up the issue of a large loss-
of-coolant accident, that they have not
been able to give enough attention to the
real hazards. There is also a great deal
of institutional inertia, however, com-
pounded by a lack of commitment to
regulatory guidance through probabil-
istic risk assessment.

It is instructive to quote a passage
from the report of the Risk Assessment
Review Group: “The achievements of
WASH-1400 in identifying the relative
importance of various accident classes
have been inadequately reflected in
NRC’s policies. For example, WASH-
1400 concluded that transients, small
LOCA [loss-of-coolant accidents] and
human errors are important contrib=
utors to overall risk, yet their study is
not adequately reflected in the priori-
ties of either the research or regulatory
groups.” These three items—transients,
small loss-of-coolant accidents and hu-
man errors—were the central features of
the Three Mile Island accident.

Itis also clear that the present nuclear-
regulatory structure in the U.S. does
not have a well-organized means of

200
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LINEARITY HYPOTHESIS asserts that at the low levels of radia-
tion exposure expected as a result of a major nuclear-reactor accident
the long-term likelihood of death due to a radiation-induced cancer
is roughly proportional to the dose of radiation received. Assuming
that the hypothesis is true, the best current estimate of the coefficient
of proportionality is that approximately one latent cancer would re-
sult from 10,000 man-rems of radiation exposure. (The estimate re-
mains the same whether 10,000 people receive one rem each or 1,000
people receive 10 rems each.) As these two graphs illustrate, however,
the data on which the linearity hypothesis is based are sparse. The
graphs show the age-adjusted cancer-mortality rates as a function of
estimated radiation dose among the survivors of the atomic-bomb ex-
plosions at Hiroshima (/eft) and Nagasaki (right). (In neither case was
the character of the radiation to which the population was exposed
the same as that which would be involved in a reactor accident, but
the Nagasaki event was much closer than the Hiroshima one.) In both
cases the incidence of fatal cancer at zero radiation dose is not very
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different from that observed today in the U.S., where the probability
of dying of cancer is currently between 15 and 20 percent. The key
question is to what extent the cancer-mortality rate increases with in-
creasing dose of radiation, and the data available do not clearly sup-
port either linearity or nonlinearity. Although theoretical considera-
tions make it appear extremely unlikely that there is a threshold for
the induction of cancer by radiation, there is at present no evidence
that radiation doses of less than about 50 rems measurably increase
the natural incidence of cancer among human beings. Since it is pre-
cisely in this range that most of the radiation exposures due to a pu-
tative reactor accident would be expected to fall, estimates of the
carcinogenic effects of such an accident differ widely. Most experts
accept the linearity hypothesis as a conservative upper limit, but an
increasing number regard it as a gross overestimate. In fact, the au-
thor points out, “unless major strides in our understanding of carci-
nogenesis enable us to develop a theoretical basis for our beliefs, we
may never understand these small effects better than we do now.”
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incorporating into reactor-safety lore
those day-to-day occurrences that are a
way of life in any large industry, and
particularly in the nuclear industry. The
nuclear industry is very well regulated,
so that even minor failures at a reactor
are necessarily reported to the NRC and
form the body of a system of reports
called Licensee Event Reports, which
are then filed and distributed. Thou-
sands of these documents are generated
each year, most of them quite trivial, but
it is interesting that they have included
in the past incidents at other plants that
are reminiscent of the early stages of
the Three Mile Island accident. If there
were an institutional means of learning
by experience, it too might conceivably
have prevented the Three Mile Island
accident.

his is a point worth discussing in

somewhat more detail. It seems to
be a feature of nuclear reactors, and it
is certainly implied by the analysis giv-
en in the Rasmussen report, that the
probability of an accident decreases
with the severity of that accident. This
is a feature nuclear technology shares
with other technologies, for example
aviation technology, where minor mal-
functions of aircraft happen far more
often than minor accidents, which in
turn happen more often than major ac-
cidents. In effect many potential large
accidents are nipped in the bud. In the
aircraft case the procedure for learn-
ing by experience is institutionalized
through the National Transportation
Safety Board, whose function it is to de-
termine the probable cause of any acci-
dent and torecommend appropriate pre-
ventive measures. There is no compar-
able institution for nuclear reactors, and
so the job of regulation is somehow
combined with the job of assessing the
effectiveness of that regulation, all with-
in the NRC. There also exists an Advis-
ory Committee on Reactor Safeguards
(of which I am a member) that can per-
form this function, and it does so on an
ad hoc basis. There certainly is enough
information in the operational experi-
ence of other reactors to have alerted all
of us to the possibility of an accident of
the kind that happened at Three Mile Is-
land, but for one reason or another we
seem not to have been alerted.

What about the public response to the
accident? What are the social lessons to
be learned from the experience? There
were, in the early stages of the accident,
releases of a radioactive isotope of xe-
non, xenon 133, which has a half-life of
approximately five days. The releases
were monitored, and the actual expo-
sure of the public is estimated to have
been approximately 4,000 man-rems; ac-
cordingly the radiation release has the
potential for causing the death, by can-
cer, of less than one person in the next
30 or 40 years. Although this finding is
hardly a matter for rejoicing, the re-

sponse of the press, of radio and televi-
sion reporters and of the public to the
hazard was all out of proportion to the
actual damage. In retrospect there was a
genuine breakdown of the nation’s abil-
ity to react responsibly and in propor-
tion to an accident that, although seri-
ous and threatening, fell far short of
doomsday. Many states have now insti-
tuted studies of emergency-response pro-
cedures that can draw from the lessons
of Three Mile Island.

On the other hand, the Three Mile Is-
land incident illustrates graphically how
important it is to quantify both the prob-
ability and the consequences of an ac-
cident, and to generate some public
awareness of these issues. For example,
those of us who are alleged to know
something about such matters are often
asked by friends a question that goes
as follows: “Yes, we were lucky things
worked out all right, but tell me, what is
the worst that could have happened?” 1
usually reply to the question by saying
that the worst that could have happened
is that a series of other misadventures
could have befallen the reactor—a mas-
sive electrical failure, an earthquake, a
fire or the like—leading to a core melt.
The molten core could then have inter-
acted with the water in the pressure ves-
sel or in the containment building, lead-
ing to a steam explosion that could
have torn off the roof of the contain-
ment building. Then all the radioactivi-
ty could have gone into the atmosphere
at the very moment a tornado came by
to pick it up and proceeded to wander
through the Northeast, dropping just the
right amount on each city to annihilate
its inhabitants. Indeed, this could have
happened.

My friends then get angry, but the an-
swer is not evasive-and is meant only
to illustrate that the question of what
could have happened is not a reason-
able question unless it is attached to
some estimate of the probability of the
event. In other words, it is essential to
discuss this safety issue and others with
some quantitative objective in mind.
Hence it is reasonable to ask what could
have happened for an event that could
occur once in 100 years or once in 1,000
years or once in a million years, but
short of events that actually violate the
laws of nature it is not reasonable to ask
simply what could have happened. This
is an issue that goes to the heart of many
regulatory and safety discussions, where
one must have some measure of the
risks one is willing to accept on as quan-
titative a basis as the expert community
can provide.

There is one other point on public re-
sponse that needs to be mentioned.
Many people responded to the Three
Mile Island accident with statements
such as, “They told us it couldn’t hap-
pen, but it did!"” In fact, no responsible
person ever said that it could not hap-
pen, because the very business of quan-
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titative risk assessment is to calculate
the probability of an accident. No one
will calculate a probability if he believes
it is zero. What is at stake here is a wide-
spread misunderstanding of the proba-
bility of infrequent events, a misunder-
standing that is by no means confined to
the nonscientific community.

Imagine, for example, a list of a mil-
lion different events, each of which has
a probability of one in a million of
happening this year. The list might in-
clude the probability of a certain foot-
ball team’s going to the Super Bowl, of
the OPEC cartel’s deciding to lower oil
prices as a goodwill gesture and so forth.
If there were literally a million items on
the list, and if the probability of each
had been correctly calculated asone ina
million, then there would be a good
chance that one of those things would
happen this year. When it did, one can
be quite sure people would forget the
other 999,999 items and would say that
the probability for the event that did in
fact happen had been grossly underesti-
mated. People have a tendency to think
that anything that actually occurs can-
not have had a small probability of
occurrence, because their view of the
world is inevitably influenced by those
things that do occur. Therefore even the
NRC is devoting a great effort to mak-
ing sure the accident that occurred at
Three Mile Island will not occur again,
with substantially less attention being
devoted to perceiving it as a member
of a large class of possible events that
should not be singled out for having a
high probability simply because it hap-
pened. The same comment can be made
at this stage about the engine pylons on
the DC-10.

1l of the preceding is intended to il-
lustrate the importance to society
of assessing risk in quantitative terms
and of making sound interpretations of
those risks. Since it is clear that we can-
not live in a world without risk, the only
alternative to understanding and man-
aging the risk to which we have chosen
to expose ourselves is institutional mis-
management and the squandering of re-
sources. Examples of this abound, and it
is a luxury we cannot afford.

Finally, then, any reader who has
come this far will know better than to
ask the meaningless question, “Are re-
actors safe?” The reader may want to
know, however, whether I believe nucle-
ar power is safe enough to supply a large
part of our national energy needs. The
answer is yes, not because there are no
remaining risks and uncertainties in nu-
clear power, nor because coal is more
dangerous (although it is), but because
President Carter was right when he de-
clared that the energy crisis in which we
find ourselves is “the moral equivalent
of war.” I see no point in not fighting
that war, and nuclear power is an essen-
tial weapon in the fight.
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The Inner Structure

of the Proton

There 1s something small and hard inside. These objects, which

may be the particles called quarks, are seen most clearly when

a violent collision of particles gives rise to a ‘‘jet”” of debris

by Maurice Jacob and Peter Landshoff

one of the most influential of all ex-

periments was carried out almost
70 years ago in Ernest Rutherford’s lab-
oratory at the University of Manches-
ter. Two of Rutherford’s students, Hans
Geiger and Ernest Marsden, directed a
beam of alpha particles, which are fast-
moving helium nuclei, onto a thin foil of
gold. With a screen of fluorescent mate-
rial, which scintillates when it is struck
by an alpha particle, they then count-
ed the number of particles scattered at
various angles as a result of encounters
with the gold atoms. Most of the parti-
cles passed straight through the foil or
were deflected by only a small angle;
the average deflection was less than a
degree. Surprisingly, however, a few par-
ticles were deflected sharply. About one
in 20,000, for example, was deflected by
90 degrees.

It was Rutherford who supplied the
interpretation of these findings. Since
the foil was many atoms thick, and since
most of the alpha particles traversed it
unimpeded, he reasoned that an alpha
particle must be able to pass through an
atom with little disturbance of its trajec-
tory. Hence the atom as a whole must be
diffuse, with much empty space. The oc-
casional scattering at wide angles, how-
ever, was evidence that there is some-
thing hard in the atom, which must be
small since only a few of the alpha parti-
cles encountered it. Both the violence of
the collisions and their rarity could be
explained by assuming that the atom has
an impenetrable, dense core where all its
positive electric charge is concentrated
in a small volume. In traversing the foil
most of the alpha particles never ap-
proached one of these small cores close
enough to be strongly influenced by it,
but when a collision did take place, the
alpha particle could be scattered in any
direction, even straight back along its
original path.

What Rutherford had discovered, of
course, was the atomic nucleus. He had
also introduced a method for investigat-

In the study of the atom and its parts
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ing the constitution of matter, a method
whose importance is undiminished to-
day. In the decades following Ruther-
ford’s experiment it became apparent
that the nucleus itself has a structure: it
is made up of protons and neutrons.
Now there is compelling evidence that
the component protons and neutrons
are not elementary objects; like Ruth-
erford’s atoms they are mostly empty
space, but embedded within them are
small, hard constituents. The constitu-
ents have been given different names in
different contexts: they can be called ei-
ther partons or quarks.

The internal structure of the proton is
being explored today through experi-
ments that are almost identical in form
with Rutherford’s. Collisions are ar-
ranged between various kinds of parti-
cles, and instruments measure the an-
gular distribution of the scattered frag-
ments. Again it is the particles emerging
at large angles to the direction of the
original beam that convey information
about the finest details of the internal
structure.

The modern experiments differ from
Rutherford’s chiefly in scale. The pro-
jectiles employed are not alpha particles
emitted during the radioactive decay of
a nucleus but electrons or protons raised
to high energy by an accelerator. Sec-
ondary beams of other particles, such
as neutrinos or pions, can also be creat-
ed. The most energetic collisions come
about when two beams of accelerated
particles are made to collide head on. At
high energy the particles do not merely
bounce apart; instead much of their en-
ergy goes into creating new particles
and antiparticles, often dozens of them,
which fly away from the point of impact
like debris from an explosion. The in-
struments that detect these particles are
not simple fluorescent screens (although
that principle is still in use) but elaborate
electronic “counters,” which not only
register the direction a particle takes but
also measure its energy, momentum and
electric charge. There is a difference of
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scale in another sense as well. With ener-
gies several thousand times greater, the
modern experiments can reveal struc-
tural features several thousand times
smaller. Indeed, the resolving power of
the highest-energy experiments is now
about 10-16 centimeter, which is rough-
ly a thousandth the diameter of the
proton.

This fine structure becomes visible
only in those collisions where some of
the energetic fragments emerge at a
large angle to the beam direction. As
in the earlier atomic experiments, such
“hard-scattering” events are compara-
tively rare. When two protons collide
head on, for example, the emitted parti-
cles are almost always confined to two
narrow cones centered on the axis de-
fined by the two colliding beams. Oc-
casionally, however, particles emerge
from the point of impact roughly per-
pendicular to the beam axis. If one such
particle is detected, at least several more
usually accompany it. What is most in-
triguing is that when a fragment is shot
to the side in this way, the particles are
not scattered randomly in all directions;
instead they are generally organized
into well-collimated spurts of particles,
which have been named jets. The wide-
angle jets have the same significance for
the structure of the proton as the wide-
angle scattering of alpha particles had
for the structure of the atom. They are
evidence for something small and hard
in the proton.

t has been known for some time that

the proton is not a pointlike particle.
It has a finite size, a diameter of about
10-13 centimeter. Although that is very
small—indeed, it is smaller than an atom
by a factor of about 100,000—it is still
measurable. The same cannot be said of
certain other particles, most notably the
electron. If the electron has any exten-
sion, it has not yet been detected, and for
now the electron can be regarded as a
mathematical point.

In 1970 an experiment at the Stanford



Linear Accelerator Center (SLAC) pro-
vided the first direct evidence that the
proton has not only size but also struc-
ture. In the two-mile linear accelerator
at SLAC electrons were raised to an en-
ergy of some 20 billion electron volts.
(One electron volt is the energy impart-
ed to an electron, or to any other particle

with one unit of electric charge, when it
is accelerated through a potential differ-
ence of one volt. A billion electron volts
is abbreviated GeV, the G standing for
the prefix giga-.) The accelerated elec-
trons struck protons and neutrons in
the atoms of a stationary target. Instru-
ments monitored the angular distribu-

tion of the scattered electrons and of
other particles created in the collisions.

Although most of the electrons passed
through the target with little change in
direction, the number of widely scat-
tered particles was greater than expect-
ed. It was greater than would be predict-
ed if the proton were diffuse and homo-
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JET OF PARTICLES emerges from a proton struck by a high-energy
neutrino. The event is recorded in trails of bubbles, which form in
superheated hydrogen along the path of a charged particle. The neu-
trino, which leaves no track because it has no charge, is transformed
by the collision into a negatively charged muon, which can be observed.
At the same time a stream of particles moves off in another direc-
tion. They are hadrons, a class of particles (such as the proton and the
pion) that are thought to be made up of the more fundamental entities
called quarks. From the curvature of the tracks in the magnetic field
that permeates the bubble chamber it can be deduced that three of the
hadrons carry a positive charge and two have a negative charge. In
addition at least one neutral pion is emitted; it cannot be seen, but the

products of its decay are pairs of electrons and antielectrons, or posi-
trons, which leave distinctive spiral tracks. In the frame of reference
in which the neutrino and the target proton collide with equal but op-
posite momentum, the scattered muon and the jet of hadrons would
appear to emerge almost back to back. Such wide-angle scattering
signals a violent process. The event can be explained by the hypothe-
sis that the neutrino collides with a hard constituent of the proton,
such as a quark; the quark is ejected, but as it escapes several other
quarks and antiquarks materialize, creating the jet of hadrons. The
photograph was made with the Big European Bubble Chamber at
the European Organization for Nuclear Research (CERN) near Ge-
neva. Some of the particle tracks are identified in the map below.
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geneous. The excess of widely scattered
particles implied that the proton has em-
bedded within it objects whose diameter
is no more than a fiftieth that of the pro-
ton as a whole. Richard P. Feynman of
the California Institute of Technology
supplied a name for these constituent
objects: partons.

What was revealed in the SLAC ex-
periments was the internal structure of
the proton as illuminated by electrons.
Since then similar studies have been
done in which the target is illuminated
by a beam of muons (which are much
like electrons but have a mass 200 times
as great) or by a beam of neutrinos
(which are particles related to the elec-
tron and the muon but lacking all mass
and electric charge). Electrons, muons
and neutrinos are collectively called lep-
tons, and they make excellent probes in
physics experiments because they them-
selves seem to be pointlike and without
structure. Deep-scattering experiments
with all three kinds of lepton have given
consistent results: occasional wide-angle
scattering can be explained by collisions
between the incident leptons and some
hard constituent of the proton.

The scattering of leptons by protons
gave the first experimental indication
that the proton has definite structural
constituents. Interactions among those
constituents were first observed clearly
in another series of experiments, begun
in 1972, in which protons were scattered
by protons. The experiments were car-
ried out by three groups working at the
Intersecting Storage Rings (ISR) of the
European Organization for Nuclear Re-
search (CERN) near Geneva. Collisions
of protons with protons gave rise to in-
frequent events in which energetic parti-
cles appeared at a wide angle to the axis
of the beams. These results were inter-
preted as evidence for the scattering of
a constituent object in one proton by a
constituent of the other proton.

»

Several years before the discovery of
the parton and before the ISR experi-
ments began, a structure had been pro-
posed for the proton entirely on theoret-
ical grounds. The proton and the neu-
tron are members of the large family of
particles called hadrons, which are dis-
tinguished from the leptons in that they
are susceptible to the strong, or nuclear,
force. It is the strong force that binds
protons and neutrons togcther to form
atomic nuclei, but the strong force has
no effect on leptons; they simply do not
“feel” it, much as an electrically neutral
particle does not respond to an electric
field. The proton and the neutron were
the first hadrons known; in the 1940’s
another was discovered: the pion. In the
1950’s a number of powerful accelera-
tors began operating, and an unexpected
multitude of new hadrons came to at-
tention. It was this multiplicity of had-
rons that stood in need of explanation; it
seemed unlikely that all these particles
could be equally elementary.

n explanation was proposed in
1963 by Murray Gell-Mann and by
George Zweig, both of Cal Tech, who
worked independently but reached sim-
ilar conclusions at about the same time.
They pointed out that all the known
hadrons could be explained as combi-
nations of just three kinds of more fun-
damental particles, which Gell-Mann
named quarks. Some of the hadrons,
including the proton and the neutron,
were to be made up of three quarks;
others, such as the pion, consist of one
quark and one antiquark. The properties
associated with the hadron as a whole
are given simply by adding up the corre-
sponding properties of the component
quarks. In this way all the known had-
rons could be accounted for as combi-
nations of quarks. What is more, every
allowed combination of quarks, with
one exception, corresponded to a known

e

WIDE-ANGLE SCATTERING is interpreted as evidence that particles have a grainy struc-
ture, or hard constituents. When large, diffuse particles collide, they are little deflected from
their paths. Such glancing collisions are also the most likely for particles that have hard con-
stituents, but in the rare instances when the hard objects meet head on, they ricochet sharply.
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hadron; the exception described a parti-
cle designated omega minus, which was
discovered in 1964.

The quark model was formulated to
explain the diversity of thc hadrons;
it says nothing explicitly about the in-
ternal structure of any particle. Never-
theless, when partons were discovered,
there was a natural tendency to identify
them with the hypothetical quarks. Sev-
eral propertics of the partons, such as
their intrinsic spin angular momentum,
have bcen mcasured and arc consistent
with the predictions of the quark model.
What is more, the quark model itself has
become more secure.

The three “flavors,” or kinds, of quark
proposed in 1963 were enough to con-
struct all the hadrons then known. It
was soon suggested, however, that therc
should be a fourth flavor, distinguished
by a new property of matter called
charm. The discovery in 1974 of the
hadron designated J or psi provided
strong evidence for the charmed quark,
and a rich spectrum of other charmed
hadrons was subsequently discovered.
Since then particles that carry still an-
other flavor have turned up. They are
thought to incorporate a fifth flavor of
quark; because the other four quarks
seem to be organized in pairs it is as-
sumed there is also a sixth flavor. All
these new hadrons follow the pattern
specified by the quark model. Each
hadron seems to consist either of three
quarks or of one quark and one anti-
quark, drawn from the set of five or six
possible flavors. No particle that would
require some other combination has
been observed.

In addition to their flavors each of the
quarks bears another distinctive propcr-
ty, which in the spirit of whimsy that
characterizes the quark nomenclature
has been given the name color. It is the
colors of quarks that govern their bind-
ing together to form hadrons. There are
three colors, and only certain combina-
tions of them seem to be possible.

he role of color in binding together

the quarks in a hadron is analogous
to the role of electric charge in bind-
ing together the particles that make
up an atom. A precise and well-tested
theory describes the latter interaction:
quantum clectrodynamics. It depicts
the attraction or repulsion between two
charged particles as being communicat-
ed by the exchange of photons, or quan-
ta of electromagnetic radiation. A theo-
ry constructed and named on the model
of quantum electrodynamics has been
formulated to describe interactions be-
tween colored quarks; it is called quan-
tum chromodynamics. Here the force
between the quarks is mediated by the
exchange of gluons, hypothetical par-
ticles that “glue” the quarks together.
Differences between electromagnetism
and the strong interactions of quarks
result largely from differences between



the photon and the gluons. In the first
place, whereas there is only one kind of
photon, there are eight kinds of gluon.
Furthermore, the photon communicates
electromagnetic forces between charged
particles but itself carries no electric
charge; as a result a particle can emit or
absorb a photon without changing its
charge. The gluons, on the other hand,
are themselves colored particles, and so
they are subject to the very forces they
transmit. Quantum chromodynamics
has made a number of successful pre-
dictions, but it is a difficult theory with
which to calculate precise results and it
has not yet been confirmed with a pre-
cision even approaching that of quan-
tum electrodynamics.

Theexistence of several hundred had-
rons that correspond to allowed com-
binations of quarks, and the failure to
observe even one hadron that cannot
be explained as such a combination,
represent powerful evidence for the
quark model. Nevertheless, what might
be considered the most direct and most
compelling confirmation of the theory
is still lacking: no one has yet isolated
a quark. This failure is all the more
puzzling in that deep-scattering experi-
ments show the quarks within hadrons
as moving about freely, as if they were
only weakly bound together. It seems it
should be easy to knock one out. When
that is attempted, however, by bom-
barding a hadron with high-energy par-
ticles, the fragments that emerge are not
quarks but ordinary hadrons, consti-
tuted of the standard combinations of
quarks.

A possible explanation of this para-
doxical behavior has been proposed in
the context of quantum chromodynam-
ics. It is hypothesized that the effective
strength of the force between quarks is
small at close range but grows much
larger when the quarks are separated by
more than about the diameter of a pro-
ton. This force law is just the opposite of
the one that governs the more familiar
forces of electromagnetism and gravita-
tion, where the forces become weaker
as the bodies recede from one another.
Because of the peculiar form of the col-
or force the quarks are little constrained
inside a hadron, but the energy needed
to extract a quark grows without limit
as the separation increases.

So far it has not been proved with
the tools provided by quantum chro-
modynamics that the quarks in a hadron
are permanently or absolutely confined.
There is still a possibility that experi-
ments at higher energy may release a
free quark. For now, however, physi-
cists must live with the consequences of
apparent confinement. One of these is
that quarks cannot be examined in isola-
tion; they must be studied in situ. Hence
our best access to them is through wide-
angle-scattering events in which a hard
collision between a quark and a probe
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HEAD-ON COLLISION OF TWO PROTONS yields several widely scattered hadrons. The
protons approach each other with equal speed along the horizontal axis and meet at the center.
A number of the emitted particles deviate little from the beam axis, but one particle emerges
with high momentum at an angle of almost 90 degrees. The detection of this particle triggered
the apparatus with which the event was recorded. The high transverse momentum of the trigger
particle is partly balanced by a jet of hadrons. Not all the particles in the jet have necessarily
been detected; the apparatus is not sensitive to electrically neutral particles, which generally ac-
count for about a third of the jet momentum. Only transverse jets are thought to result from
the hard-scattering of quarks. The collision was observed with the Intersecting Storage Rings
(ISR) at CERN. The length of each arrow is proportional to the momentum of the particle.
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JET IS DEFINED in terms of the momentum of the constituent hadrons. If only the directions
of the particles were recorded (by noting where they crossed a ring of detectors), they would be
widely distributed. The jet becomes more coherent, however, when it is noted that the com-
ponent of the momentum of a particle perpendicular to the axis of the jet seldom exceeds a
threshold. Thus particles with large momentum are always closely aligned with the jet axis.
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particle (which may be another quark or
a gluon) gives rise to a jet of hadrons.

Collisions between particles are most
easily visualized in the frame of ref-
erence where the center of mass of the
colliding particles is regarded as being
stationary. In this frame of reference the
colliding particles approach each other
with equal but opposite momentum; if
they have the same mass, they collide
head on with equal but opposite veloci-
ty. Like automobiles that collide head
on and come to a dead stop, both parti-
cles give up all their Kinetic energy.

In experiments where an accelerated
particle strikes a stationary target the
appearance of the event in the laborato-
ry frame of reference is quite different.
The center of mass is not stationary but
is swept along in the direction of the

2
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beam, even after the collision. As a re-
sult the appearance of the event is great-
ly altered; for example, a jet of particles
emitted at 90 degrees to the beam direc-
tion in the center-of-mass frame of ref-
erence is swept along with the moving
particles, so that it appears to diverge
from the beam by only a few degrees. In
order to see the event in its simplest
form one would have to race along par-
allel to the beam with the same speed as
the center of mass.. Although that is im-
practical, there are mathematical trans-
formations that accomplish the same
thing: they convert the directions and
energies of particles observed in the lab-
oratory into equivalent values in the
center-of-mass frame. We shall discuss
fixed-target experiments as if such trans-
formations had been carried out.
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PARTICLES WITH HIGH TRANSVERSE MOMENTUM are rarely emitted in proton-
proton collisions, but at the largest observable values of transverse momentum there is an en-
hancement in their numbers. The yield of particles is given in terms of a cross section, or ef-
fective area, which measures the probability of an interaction. At transverse momenta below
about 1 GeV (billion electron volts) the probability of emitting a particle declines steadily as
the transverse momentum of the particles increases. At higher values of transverse momentum
the probability continues to decline, but not as rapidly as would be predicted from an extrap-
olation of the results at lower transverse momentum. For example, the probability of observ-
ing a particle with a transverse momentum of 4 GeV is roughly 1,000 times greater than would
be expected from the extrapolation. Moreover, the probability at low transverse momentum
is almost independent of the energy with which the protons collide, whereas at high trans-
verse momentum the collision energy has a strong influence. The anomalously large yields of
high-transverse-momentum particles gave the first evidence for the hard-scattering of quarks
by quarks. It was reported simultaneously by three groups of experimenters at the CERN ISR.
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There is one type of high-energy-
physics experiment in which the center
of mass actually is stationary and the
collisions have their simplest form even
as they are observed in the laboratory
frame of reference. They are events in
which two particles are accelerated to
the same momentum and are brought
together head on. Such collisions can
be arranged with particle storage rings,
where beams of particles circulate in op-
posite directions and pass through each
other on each revolution. The energy
liberated by the collision is merely the
sum of the energies of the two beams.

Collisions between electrons and their
antiparticles, the positrons, are brought
about in storage rings at a number of
laboratories, including SLAC and the
German Electron Synchrotron (DESY)
near Hamburg. Both of these institu-
tions have been operating electron-posi-
tron rings since the early 1970’s, with
maximum collision energies of roughly
10 GeV; both of them have also under-
taken the construction of larger rings,
capable of collision energies more than
three times as great. The larger ring
at DESY, which is called PETRA, has
been operating since last spring. Still
higher energies can be reached in colli-
sions of protons with protons. The only
facility for such collisions that is now
operating is the ISR at CERN; it has a
maximum energy of 63 GeV, the high-
est center-of-mass energy that can be
reached by any instrument in particle
physics.

he result of a head-on particle colli-
sion is perhaps easiest to interpret

in the case of electron-positron interac-
tions. Because the electron and the posi-
tron are particle and antiparticle they
are both annihilated when they collide,
yielding a state of pure electromagnetic
energy. This state can be represented as
a high-energy photon, but it is a photon
with bizarre and paradoxical properties.
A fundamental law of nature states that
both energy and momentum must be
conserved in all physical processes. In
order for energy to be conserved in an
electron-positron collision, the photon
must carry off the several billion elec-
tron volts contributed by the annihilat-
ing particles. A photon can do that but,
moving at the speed of light, it also has
substantial momentum. The net mo-
mentum of the electron and positron,
however, is zero, since they are moving
with the same speed in opposite direc-
tions. Therefore the photon must have
zero momentum and cannot move at all.
A way out of this quandary is provid-
ed by the uncertainty principle of quan-
tum mechanics, which allows momen-
tary fluctuations in the energy and mo-
mentum of a particle, provided they do
not last too long or extend over too great
a distance. Hence the photon can exist
briefly even with its energy and momen-
tum out of balance, but it must decay



within a finite period into a set of parti-
cles that properly conserves energy and
momentum. Such a photon is called a
virtual particle, to distinguish it from a
real photon, whose lifetime is unlimited.

The virtual photon can decay into any
assortment of particles that conserves
energy and momentum and various oth-
er properties that also must remain in
balance, such as electric charge. These
requirements can be met most easily if
the virtual photon decays into a state
made up of two particles, one being the
antiparticle of the other. Energy can be
conserved as long as the combined mass
of the pair is no greater than the total
energy of the electron and the positron.
Momentum is conserved if the particle
and the antiparticle move apart at the
same speed but in opposite directions
(which need not correspond to the axis
of the electron and positron beams but
can have any orientation in space). Elec-
tric charge and similar quantities are
also conserved.

At low energy one of the commonest
decay schemes for the virtual photon
results in the regeneration of another
electron and positron, with the same
energy as the original pair. Another pos-
sible outcome is the creation of two mu-
ons, one with a positive electric charge
and the other with a negative charge.
If the interaction region is surrounded
by appropriate instruments, the electron
pair or muon pair can be detected, with
the characteristic signature of opposite-
ly charged particles moving in opposite
directions. A third possible decay se-
quence is of greater interest here. Pro-
vided the energy of the collision is suffi-
ciently large, the virtual photon can de-
cay to yield a quark and an antiquark.
Significantly, however, the quark and
antiquark do not, in their native state,
reach the detectors. What is seen instead
are two jets of hadrons, emitted back to
back from the point of collision.

Aly kind of hadron can appear in a jet,
but pions are by far the commonest
kind. At the collision energies available
today a dozen or more particles can be
emitted. Among them, in general, will be
both positively charged and negatively
charged particles as well as electrically
neutral ones. Because most particle de-
tectors rely on the ionization caused by
the passage of a moving electric charge,
the neutral particles escape detection in
some experiments. If the neutral parti-
cles can be accounted for, however, it is
always found that all conservation laws
are obeyed by the complete ensemble of
emitted hadrons. For example, the total
charge of the hadrons is zero and so is
their net momentum.

The conversion of a single quark-anti-
quark pair into a diverse array of had-
rons is the most mysterious process in
the creation of a jet. It may not be possi-
ble to describe it fully until the nature of
the color charge is better understood. It
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INTERSECTING STORAGE RINGS at CERN provide head-on collisions between protons
in two counter-rotating beams. Protons supplied by a synchrotron are injected clockwise into
one of the rings and counterclockwise into the other; they can then be maintained in a stable
orbit for many hours. Each beam has a maximum energy of 31.5 GeV, so that the total collision
energy is 63 GeV, Collisions take place in eight regions where the interlaced rings cross over.

is apparent that somehow the naked
quark and antiquark “dress” themselves
with other quark-antiquark pairs before
they emerge to macroscopic distances,
where they can be detected. As long as
all the particles created in this process
include equal quantities of matter and
antimatter all conservation laws will be
obeyed. Of course, there is still an ener-
gy constraint: the total mass of all the
created particles cannot exceed the en-
ergy brought to the collision by the anni-
hilated electron and positron.

The two kinds of quark that make up
all the hadronic constituents of ordinary
matter are designated u and d. Suppose
the primordial pair created by the decay
of the virtual photon consists of a u
quark and its corresponding antiquark,
which is labeled 7. Before these particles
have separated any appreciable distance
at least one more pair must be created.
Suppose it is made up of a d quark and a
d antiquark. The u quark can then be-
come associated with the d antiquark, a
combination that defines the structure
of a positively charged pion. The re-
maining d quark and # antiquark consti-
tute a negatively charged pion. In this
case the final state would consist of just
two particles, but in general there is ad-
ditional pair creation, leading to a more
complicated set of hadrons.

Quark pairs and muon pairs created
in electron-positron annihilation seem
to arise through the same process
(namely through the decay of a virtual
photon). It therefore seems reasonable
that their average angular distribution,
when it is calculated over many events,
should also be the same. In testing this
hypothesis we are handicapped because
we cannot measure the direction taken
by the quarks. It is known, however, that
the set of all the hadrons descended
from a given quark must conserve that
quark’s momentum. It is therefore pos-
sible to add up the momenta of all the
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hadrons in a jet in order to define the
momentum vector for the jet as a whole.
The direction along which this vector
lies is the axis of the jet, and it should
coincide with the direction of motion
of the original quark. Experiments at
SLAC and at DESY have compared the
angular distribution of the jet axes with
the distribution of muons, and they are
in good agreement.

The total number of events in which
muons are created and the number in
whichhadronsappear should also be re-
lated, and their relation should remain
unchanged as the energy of the collision
increases. In other words, the ratio of
hadron events to muon events should
approach a constant value regardless of
the collision energy. The expected value
of the ratio depends only on the total
number of quark types and on their elec-
tric charges, and so it can be calculated
directly from the quark model. Assum-
ing that there are just the three quarks
of the original Gell-Mann model, each
of which comes in three colors, the pre-
dicted value of the ratio is 2. At ener-
gies below about 3 GeV that prediction
is confirmed. Above 3 GeV significant
numbers of charmed particles are creat-
ed, so that the fourth, charmed quark
must be included in the calculation.
Adding the charmed quark (again in
three colors) changes the predicted val-
ue to 10/3, which has also been con-
firmed experimentally. This remarkable
accord between theory and observation
has been found again on the next energy
plateau, where another pair of quarks
is introduced.

A jet of particles does not always look
much like a jet at first glance. If the point
of annihilation were surrounded by a
spherical detector that would merely in-
dicate the position of each hadron as it
crossed the spherical surface, the par-
ticles making up each of the two jets
might well be spread out over a wide
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area. The configuration of the jet be-
comes more coherent, however, if not
only the direction but also the momen-
tum of each particle is indicated. In gen-
eral it turns out that the particles with
the highest total momentum are closely
aligned with the jet axis. The more wide-
ly scattered particles carry little mo-
mentum. Indeed, the jet can be defined
in terms of this relation. A particle is
considered to be part of a jet if the com-
ponent of its momentum perpendicular
to the jet axis is below a certain thresh-
old. Under this rule a fast-moving, high-
momentum particle must nearly coin-
cide with the jet axis for it to be includ-
ed, but for a slow-moving particle the
direction is less critical.

The tendency for the particle momen-
tum to be concentrated along the jet axis
becomes more pronounced as the total
momentum of the jet increases. This re-
lation could be deduced from the simple
observation that the number of particles
in a jet increases more slowly than the
total jet momentum. If the total momen-
tum is, say, doubled, the number of par-
ticles will rise, but by a factor of less
than 2. It follows that the average mo-

mentum per particle must be higher. If
the perpendicular component of the mo-
mentum is not to exceed a threshold,
thenthe momentum vectors of the parti-
cles must be more closely aligned, that
is, they must bend closer to the jet axis.

s it turns out, the average perpen-
dicular momentum of the particles
in a jet remains limited to about .3 GeV
regardless of the total jet momentum.
Although such a limit may seem myste-
riously arbitrary, there is a plausible ex-
planation for it: the perpendicular com-
ponent of the momentum and the com-
ponent parallel to the jet axis originate
in different processes, which are largely
independent of each other. The small,
perpendicular component apparently
results from interactions whose charac-
teristic scale of length is comparable to
the size of the hadron as a whole. The
larger parallel component is associated
with direct interactions of the pointlike
quarks. This distinction becomes clearer
in jets produced by proton-proton colli-
sions, where both the quarks and the
hadrons are present from the start.
So far we have been concerned main-

CROSSOVER ZONE at the ISR is instrumented with a large system of detectors for particles
with high transverse momentum. The two proton beams circulate in pipes that are obscured by
the magnets required to bend and focus the beams. The crossover itself is inside a larger mag-
net that makes up part of the detector system. The magnet bends the trajectories of the emitted
particles so that their momentum can be measured. Electronic detectors bristle from the sides
of the magnet and, at a greater distance, two large slabs of glass draped in black cloth serve as
triggering detectors. Blocks of concrete and lead provide radiation shielding when the rings
are operating. The experiment is being done by physicists from CERN and three universities.
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ly with experiments in which hadrons
are bombarded by leptons or in which
hadrons are created by the annihilation
of leptons. It stands to reason that the
quark structure of the hadrons should
also be evident when the colliding parti-
cles are themselves hadrons. A jet of
particles emerging from such a collision
with high momentum transverse to the
beam axis would then signal a direct,
close-range interaction of two quarks.
The most obvious interpretation of such
events is that one constituent is expelled
from each proton and subsequently
gives rise to a jet of hadrons.

Precisely because hadrons have an in-
ternal structure, proton-proton experi-
ments are more difficult to carry out and
more difficult to interpret than experi-
ments with leptons. When an electron is
employed as a probe of the structure
of the proton, at least the projectile is
simple, apparently pointlike and well
understood. A precise theory, quantum
electrodynamics, describes its interac-
tions. In proton-proton collisions both
the probe and the target are complicated
objects and the theory that describes
them, quantum chromodynamics, is it-
self under test. In spite of these difficul-
ties hadron jets in proton-proton colli-
sions have been investigated in a long
series of experiments over the past sev-
eral years. In fixed-target experiments
they have been studied with the large
proton synchrotron at the Fermi Na-
tional Accelerator Laboratory near Chi-
cago. The most violent collisions have
been observed with the ISR at CERN.

Given ideal apparatus an experiment
with head-on proton collisions might
not be too difficult. Detectors could be
made to surround the interaction zone
completely, so that every particle leav-
ing the region would be intercepted.
Every particle would be identified, in-
cluding both the charged particles and
the neutral ones, and their energy and
momenta would be measured. What is
more, every collision, no matter what its
outcome, would be documented in this
way, so that the interesting events could
be picked out later for detailed analysis.

Real apparatus requires a number of
compromises. The detector cannot en-
compass the entire solid angle surround-
ing the interaction zone and it cannot
identify every particle, and so the recon-
struction of events is often incomplete.
Furthermore, it is not practical torecord
the outcome of every collision and to
sort the results for interesting events af-
ter the fact. Even if the detector and the
computers with which it communicates
were capable of recording data at the
necessary rate, years of labor would be
required to sift the few hard-scattering
events from the millions or billions of
glancing collisions. Instead some criteri-
on must be established for identifying
a hard-scattering event as it happens.
Then the detector is triggered only for
those events that meet the criterion and



all others are ignored. In most of the
experiments conducted so far the trig-
gering event has been the emergence of
at least one particle with high momen-
tum transverse to the beam axis. If the
trigger threshold is set at 3.5 GeV, a few
events per million are selected. Raising
the threshold to 6 GeV reduces the frac-
tion to a few per billion.

One drawback of such a triggering
mechanism is that it rejects not only the
glancing collisions but also a substantial
number of head-on ones. If the thresh-
old is set at 6 GeV, a jet with a total
momentum of 6 GeV will be recorded
only in the unlikely circumstance that
all the momentum has been invested in a
single particle. It is more likely that the
momentum would be distributed among
several particles (for example, three
hadrons might have 2 GeV each), but
none of these particles would be ener-
getic enough to trigger the detector. The
result is a bias in the data toward unusu-
al events in which a single particle gets a
major share of the total momentum.

Another form of trigger has recently
been developed, first at Fermilab and
then at CERN. It employs a type of de-
tector called a calorimeter, which issues
a triggering signal not when a single par-
ticle exceeds a certain momentum but
when the total energy deposited in the
calorimeter exceeds a preset value. By
this means the rate at which acceptable
events are recorded is increased by two
or three orders of magnitude.

Although the study of jets is more
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VIRTUAL PARTICLES serve as interme-
diaries between scattered quarks and other
particles. Because virtual particles cannot
survive long enough or travel far enough to
be detected, their role must be deduced from
the products of the interaction observed at
long range. When an electron and a positron
collide (a), they can merely bounce apart by
exchanging a virtual photon. Alternatively the
electron and the positron can annihilate each
other, yielding a virtual photon that can then
decay into a new electron-positron pair or into
a positive and a negative muon (5). The virtu-
al photon can also yield a quark and an anti-
quark (c), but unlike the electrons and the
muons the quarks are never observed at long
range. What are seen instead are pions or oth-
er hadrons; somehow the quark and the anti-
quark “dress” themselves in other quark-anti-
quark pairs. Collisions’ between protons are
also mediated by virtual particles. If the colli-
sion is a glancing one (d), the exchanged parti-
cle might be a virtual pion. In hard-scattering
events, however, the quarks themselves rather
than the proton as a whole interact, and the
quantum exchanged is called a gluon. Again
pairs of quarks and antiquarks are created,
giving rise to jets of hadrons (¢). Symbols for
the particles are identified in the key above.
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straightforward in electron-positron an-
nihilations than it is in hadron collisions,
it is important that both kinds of exper-
iment be carried out. In the first place
there is great interest in cataloguing the
similarities and differences between the
jets produced by these very different
reactions. The hadron collisions are of
special interest because they provide a
direct view of the interactions between
quarks and gluons. For now the elec-
tron-positron storage rings yield jets of
higher energy, but that lead should soon
pass to experiments in which protons
and antiprotons are brought into colli-
sion at energies roughly 10 times greater
than those of the proton-proton colli-
sions at the ISR.

Even after a high-transverse-momen-
tum jet has been detected in the
wake of a proton-proton collision it is
not an easy matter to reconstruct the
events that gave rise to the jet. The inter-
action itself is much more complicated
than that of an electron and a positron.
More particles are generally emitted: an

10-%

average of about 16 at the highest ener-
gies employed with the ISR. The two jets
do not necessarily appear back to back,
even in the frame of reference defined
by the center of mass of the two col-
liding protons. The reason is that the
quarks are able to move almost indepen-
dently inside the proton, and so a given
quark does not carry a fixed, or even a
predictable, fraction of the proton’s to-
tal momentum.

The most disturbing influence on the
interpretation of the proton-proton data
is that the production of a transverse
jet is not the only process going on in
the collision. When an electron and a
positron come together, the collision
is either glancing or hard; when two pro-
tons collide, on the other hand, the colli-
sion can be both things at once! Glancing
collisions are of course the common-
est type. They result from interactions
that involve only the diffuse, large-scale
structure of the proton, and they give
rise to particles whose momentum devi-
ates little from that of the original, col-
liding particles. In other words, they
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ENHANCED PRODUCTION of high-transverse-momentum particles has been found in re-
cent experiments at the ISR to continue increasing at still larger values of transverse momen-
tum. The earlier results are shown in black; the new data, in color, depart significantly from
the rate of production extrapolated from the measurements at lower transverse momentum.
The further anomaly could indicate that hard-scattering of quarks and gluons has become the
dominant component of the proton-proton interaction. The data were recorded with the detec-
tor shown on page 72. The effect has been observed by two other groups working at the ISR.

74

© 1980 SCIENTIFIC AMERICAN, INC

give rise to longitudinal jets, which re-
main in close alignment with the beam
axis. Hard-scattering events are thought
to result from the direct collision of a
quark in one proton with a quark in the
other proton; a gluon may also collide
with another gluon or with a quark.
When quarks or gluons collide, how-
ever, the more diffuse parts of the pro-
tons still interact. As a result the trans-
verse jets appear in addition to the lon-
gitudinal ones rather than instead of
them. It is not always easy to decide
which process gave rise to a given scat-
tered particle.

At the lower collision energies and the
lower transverse momenta prevalent
until a few years ago, the existence of
jets could be demonstrated only by a
statistical technique: by analyzing the
correlations of hadrons appearing on
opposite sides of the beam axis. With
higher energies and with detector trig-
gers set at higher momenta the analysis
has become much simpler. It is possible
to see a jet merely by looking at a dia-
gram of the event. There is certainly no
longer any doubt that transverse jets ex-
ist, both in electron-positron annihila-
tions and in proton-proton collisions.

Analysis of the transverse jets ob-
served at the ISR suggests that quark
collisions have a number of similarities
to lepton collisions. For the particles
that make up the transverse jets (but not
for those in the longitudinal jets) the al-
location of momentum to components
parallel to the jet axis and perpendicular
to it is similar in lepton and in proton
collisions. This finding suggests that the
process whereby separated quarks dress
themselves in quark-antiquark pairs
may be the same in the two kinds of
experiment. Further work will be need-
ed, however, to confirm this conjecture.

The findings of the several experi-
mental groups at the ISR have already
provided strong evidence supporting a
much earlier conjecture, called Feyn-
man scaling (after Richard Feynman).
The scaling hypothesis holds that on the
average each hadron in a transverse jet
should carry a fixed proportion of the
total jet momentum (rather than a fixed
quantity of momentum) as the total jet
momentum increases. Thus the basic
form of the jet and the way it breaks up
into fragments should not vary with the
momentum.

ow that hadron jets are well estab-
lished, it is the nature of the con-
stituents that give rise to the jets and the
theory needed to describe those constit-
uents that have become the focus of in-
terest and controversy. Among theorists
there is some disagreement over wheth-
er the results of the proton-proton ex-
periments are in accord with the predic-
tions of quantum chromodynamics.
It seems fair to say that the events seen
so far are not in exact agreement with
any detailed calculations that can be



done today in quantum chromodynam-
ics. The discrepancy may result, how-
ever, not from a defect in the theory but
from the limitations of available mathe-
matical procedures. The strong forces
thatoperate between quarks make it dif-
ficult to calculate exactly the behavior
of a quark in many circumstances, even
though that behavior is determined in
principle by the theory. Detailed calcu-
lations are practical only in the special
case of quarks thatare very close togeth-
er, where the color forces become weak.
Collisions in which jets are emitted with
high transverse momentum probe the
quark structure at close range, but it
remains to be seen whether the range
achieved so far is small enough to be
described by the theory.

In essence the experimental results
observed up to now are more compli-
cated than would be expected for the
simplest possible interactions of point-
like constituents. Some theorists think
nonetheless that the events represent
collisions of individual quarks and glu-
ons and that the form of the jets will be-
come simpler when events are observed
at higher transverse momentum. Other
theorists have suggested that the depar-
tures from theory have a more funda-
mental cause and that the jets observed
so far reflect interactions of some more
extended structures inside the proton,
such as a bound system of a quark and
an antiquark.

Where the two factions are in agree-
ment is in their confidence that the form
of the jets will become simpler at high-
er transverse momentum. Hints of such
a simplification have already been ob-
served in recent proton-proton experi-
ments at the ISR, where the maximum
transverse momentum has been pushed
up to almost 14 GeV. For pions of the
highest transverse momentum (greater
than 6 GeV) the production rate was
found to be enhanced slightly over the
rate extrapolated from earlier results.
This finding is consistent with the theo-
retical model in which the scattering
of individual quarks and gluons obeys
quantum chromodynamics in its sim-
plest form.

he ultimate test of quantum chro-

modynamics will require experi-
ments with jets of still higher transverse
momentum; producing those jets will
in turn require particle beams of still
higher energy. New storage rings being
planned or built now will provide the
more energetic beams. At both CERN
and Fermilab plans have been made to
store counter-rotating beams of protons
and antiprotons, with energies of from
250 GeV to 1,000 GeV, in large syn-
chrotrons. A set of interlaced rings for
proton-proton collisions, similar to the
ISR in design but larger in scale, is under
construction at the Brookhaven Nation-
al Laboratory; it will have a maximum
center-of-mass energy of 800 GeV,
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THREE-JET EVENT was observed in electron-positron collisions at the PETRA storage

ring near Hamburg. Two of the jets

ist of five det

ted particles; the third has six tracks.

Broken lines indicate the axes of the jets, defined by the average momentum of the detected
particles. Like the two-jet events, the trijets are thought to originate with the creation of a
quark and an antiquark. One of these particles then emits a real gluon, which decays to yield
another quark-antiquark pair and hence another jet of hadrons. The event was recorded by
physicists operating the TASSO detector; other groups at PETRA have also observed trijets.

more than 10 times that of the ISR. A
still grander project being considered in
Europe is an electron-positron storage
ring, to be called LEP, with a circumfer-
ence of some 30 kilometers and a maxi-
mum center-of-mass energy of about
200 GeV.

In the meantime the PETRA stor-
age ring commissioned last year at the
DESY center has turned up the first
few specimens of a new kind of hadron
jet. Four groups of experimenters at
PETRA, each working independently
and with a different system of detectors,
have observed electron-positron annihi-
lations that give rise to three jets instead
of the usual two. Quantum chromody-
namics offers a possible explanation of
such trijets. As in other lepton-induced
events, a virtual photon decays to yield a
quark and an antiquark, but one of these
particles reduces its energy by spontane-
ously emitting a real gluon. The three
particles then continue to separate, and
each of them acquires its own escort of
quarks and antiquarks, eventually form-
ing a jet of hadrons.

In the 1950’s the hope was that high-
er energy would make the physics of
strong interactions simple. All the com-
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plicating effects that can now be attrib-
uted to the finite size of the hadrons
would fall away, and the strong force
would be as easily comprehended as
electromagnetism. In terms of the objec-
tives of the 1950’s higher energy is here
now, but the great simplification has not
arrived in the way that was expected. It
is only in those collisions where a large
quantity of momentum is transferred
from one particle to another that sim-
plicity has emerged. These are also the
collisions in which the structure of mat-
ter is probed at the smallest distances.
Further progress will require still higher
energies.

In the pursuit of this receding hori-
zon, however, much has already been
learned about the interactions, however
complicated they may be, observed at
energies accessible today. A new level in
the structure of matter has been discov-
ered. Hadron jets, together with other
phenomena, have made us rich in exper-
imental data. Quantum chromodynam-
ics, even if it is only a theory in the mak-
ing, has added a wealth of testable pre-
dictions. Enthusiasm runs high at the
prospect that the two lines of work may
soon converge.
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Eburacum, Jorvik, York

These three names refer to the same city of northern England through

Roman, Viking, medieval and modern times. A major archaeological

campaign is uncovering material evidence of its 2,000-year history

The city of York, witness to 2,000
years of British history, is a reposi-
tory of that history in the form of
archaeological strata as much as nine
meters deep. This wealth of material ev-
idence is the result of two accidents, one
geological and one economic. The geo-
logical accident is that the settlement
which became the city was built on im-
pervious glacial clays, so that a few
inches down the soil is permanently wet,
oxygen-poor and acid. This combina-
tion of conditions acts as an excellent
medium of preservation for perishable
organic materials such as wood, leather
and cloth and metallic materials such as
bronze and iron. The economic accident
is that the fortunes of the city have de-
clined in recent centuries, with the result
that the remains of hundreds of build-
ings of many ages have survived, undis-
turbed by the digging of foundations
and basements that has destroyed the
archaeological record in other cities of
ancient origin.

Preserved under the city is a record of
its development since the year of its
founding in A.D. 71 as a strongpoint for
the Roman Ninth Legion, commanded
by Petillius Cerealis. The principal re-
mains at York can be assigned to the
Roman period and later ones as follows.

Over some 350 years of Roman rule
the 50-acre legionary fortress, initially
built of timber and earth, was rebuilt
in stone and later reorganized several
times. The garrison town that grew up
around the fortress walls was called Eb-
uracum. Early in the third century A.D.
the town was rebuilt on a new site,
across the River Ouse from the north
bank where the fortress stood. When the
Roman province of Britain was divided
in two at the end of the second century,
the new town was named the capital of
Lower Britain; by the fourth century it
had become the seat of one of Britain’s
first bishops, who is known to have
crossed the English Channel in A.D. 314
to attend a church council at Arles.

The period of Roman withdrawal
from Britain in about A.D. 400 coincides
with a generally impoverished chapter
in the archaeological record of York.

76

by Peter V. Addyman

The buried history recommences, so to
speak, when the town and its surround-
ings emerged as the Anglian kingdom
of Deira in A.D. 560-80. By the end of
the sixth century this pagan realm had
grown and was known as Northumbria.
In 627 its ruler, Edwin, was converted
to Christianity and was baptized in the
town on Easter Day. A century later the
town was made an archbishopric, one of
only two in all England.

In 866, a century and a half later, the
town was captured by the Great Army, a
Viking force that had harried France
and the Lowlands for decades. A part of
the Great Army decided to settle there,
and by A.D. 876 the town was renamed
Jorvik. The Anglo-Scandinavian town, a
community of craftsmen and traders,
flourished under Scandinavian Kkings
and later under English earls for almost
two centuries. Then in the year follow-
ing the Norman victory at Hastings it
felt the hand of new masters. A Norman
castle, built at the confluence of the
Ouse and the River Foss, dominated the
town’s defenses. The Normans also re-
built the cathedral in a new location:
within the bounds of the original Roman
fortress, where it stands today.

Thereafter the town grew steadily,
reaching its medieval apogee in the 13th
and 14th centuries. Notable among the
great buildings added in this period
was the College of the Vicars Choral in
1252. The archaeological record contin-
ued to accumulate with each succeeding
century, so that today evidence is found
of events as recent as the 1644 siege of
the city in the Civil War.

he city of York now has a major pro-
gram of urban redevelopment of the
kind that has obliterated the archaeolo-
gy of other early urban sites in Britain.
As a result for the past eight years a

large team of rescue archaeologists has
been at work under the sponsorship of a
specially formed charity, the York Ar-
chaeological Trust. It is my purpose
here, as director of excavation and re-
search for the York Trust, to outline its
program and objectives and to describe
what has been accomplished so far in
salvaging the buried record of the city’s
long past.

Our research program has several
aims. The first is to determine the pat-
tern of land use in the area before the
first settlement was established and to
reconstruct the preurban topography of
the settlement site itself. Because the
Roman fortress and its garrison town
are heritages that still influence the
modern city plan, our second aim is to
determine both the original Roman plan
and the steps whereby the city grew to its
present size and character.

The city’s soil holds such an abun-
dance of archaeological evidence that
our research program has to be very se-
lective. As a minimum we have decided
that when any building of a unique char-
acter in the various periods of the city’s
past is threatened with destruction, it
will be excavated. The Roman amphi-
theater would be one such building, if
it is ever found. The York Trust also
aims to excavate, as opportunities pre-
sent themselves, a representative series
of commoner buildings: temples, shops
and warehouses in the Roman town,
churches and wharves of the Viking pe-
riod and guildhalls, colleges, friaries and
hospitals in the medieval city.

Beyond this a few extensive excava-
tions will be undertaken in areas rep-
resentative of entire districts in the
past: part of the Roman garrison town,
part of a street at the heart of the Vi-
king capital and three or four blocks
that should illustrate different aspects of

CORE OF HISTORIC YORK is defined by the confluence of the River Ouse, at left, and the
River Foss, a smaller meandering stream, at the bottom of the vertical aerial photograph on
the opposite page. York Minster, the cathedral built by the Normans within the old Roman for-
tification, is the cruciform building at the center. Clifford’s Tower, just above the medieval
castle near the rivers’ confluence, and Old Baile, a similar structure on the west bank of the
Ouse, are the two Norman fortifications that overlooked Anglo-Scandinavian York in 1068.
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the life of the medieval city. Running
through the entire program are the addi-
tional objectives of showing the impact
of urban man on his environment, the
environmental conditions in the city
throughout its history, man’s exploita-
tion of the natural and man-made re-
sources of a continually expanding hin-
terland and man’s dependence on trade

to supply the needs of what must surely
have seemed in Roman, in Anglo-Scan-
dinavian and in medieval times to be a
large and exceptional city.

In the eight years since we started
our work England has happened to have
several exceptionally dry summers. Aer-
ial photography during the dry spells
has revealed numerous markings in pat-

ROMAN MASONRY, complete with its supporting arch, lined the sewer that drained the
great legionary bath building within the fortress at York. The debris collected in the exca-
vation of the sewer included pollens that identify the source of the water supply for the bath.
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terns of crop growth on the glacial
ridges that run across the low-lying Vale
of York near the city. These markings
where disturbed soil underlies plowed
ground have revealed long-vanished
ditches, the foundations of ancient
farms, the patterns of field systems and
the lines of ancient paths and roads.
Some of these traces of human activ-
ity may belong to the Roman period.
Many, however, are older and indicate
that the legionary fortress was set down
in a mature inhabited landscape.

Although no traces of pre-Roman oc-
cupation have yet been found within the
bounds of the city itself, it is likely that
some exist. This is both because such
traces are ubiquitous in the surrounding
area and because the Roman settlement
was at the natural crossing point of the
Ouse: on the spur of land between the
river and its tributary the Foss, where
the two streams had cut through the gla-
cial ridges.

The location of the fortress chose it-
self. The correlation of data from com-
mercial boreholes, from trenches dug
for the laying of pipe and from our own
excavations shows that what is now a
relatively level city center was once a
plateau with steep scarps running down
to the two rivers. The Romans placed
their fortress on that plateau. The mili-
tary base had not only its natural defen-
ses but also a natural overland link with
the rest of Yorkshire by way of the gla-
cial ridges crossing the Vale of York and
by way of the navigable Ouse, which
gave access to the sea some 50 miles to
the east.

ome of the defenses of the Roman
fortress remain aboveground; the
best-known is a fourth-century multian-
gled tower at the west corner. Elsewhere
the defenses, although well preserved,
are buried deep below the debris of later
ages. One objective of our excavation
has been to reexamine the defensive sys-
tem. Close study of commercial excava-
tions has helped toward this end. For
example, one deep sewer trench in the
city center exposed a section of the ma-
sonry fortress wall that still stood 16
courses high above a finely chiseled
plinth supported by deep mortar-and-
cobble foundations and a substructure
of squared oak pilings.

We cut a trench elsewhere across this
line of wall at a point where the origi-
nal fortress earthworks were well pre-
served. It was possible to trace the tim-
ber strapwork that supported the piled
earth, the root-filled turf cuttings used to
strengthen the ramparts and the stone-
work with which these were resurfaced,
perhaps during the reign of the emper-
or Trajan. At another point we exam-
ined the ditch systems that flanked the
fortress walls. We uncovered the re-
mains of a timber defensive tower and



its monumental fourth-century mason-
ry replacement, a projecting multian-
gled tower. Also uncovered were certain
of the civilian buildings and streets that
lay outside the Roman defenses at vari-
ous periods.

Several opportunities to excavate
within the fortress have arisen in recent
years. Its buildings seem to have been at
first constructed of timber and then re-
built in stone, on a new layout but within
the same defense line, early in the sec-
ond century. The site was already a
permanent base by the time the Ninth
Legion was withdrawn from Britain in
about A.D. 110. The Ninth Legion was
replaced by the Sixth, which had garri-
soned and helped to build the Roman
northern defense: Hadrian’s Wall.

Parts of the fortress barracks have
been investigated along with a section of
one of the houses provided for the five
military tribunes, important legionary
officers. A complex tunneling operation
has also exposed the monumental Ro-
man sewer system that served the great
legionary baths. In addition to revealing
the sophisticated engineering of the Ro-
man system, the York Trust team recov-
ered a series of artifacts eloquent of life
in the fortress: glass bottles for the oil
with which the bathers anointed them-
selves, gold amulets lost by the bathers
and gaming counters that are evidence
of the social function of the baths. Or-
ganic remains from the sewer include
beetles and other insects, seeds and pol-
len. They indicate the purposes served
by adjacent buildings, the environment
of the fortress and even the source of
supply for the water of the baths. The
excavation suggests that the great bath
building itself must have covered a
square block measuring some 85 meters
on a side.

wo excavations have been made in

the civilian settlement outside the
fortress walls and a third is about to be-
gin. In one area small-scale industry
had grown up along blocks defined by
a street system that became established
soon after construction of the fortress
itself. The industries seem to have been
both official and unofficial. In the first
category were pottery and tile making.
The kilns produced stamped tiles for the
Ninth Legion and pottery characteristic
of that found here and in other British
legionary fortresses in the first and sec-
ond centuries. (The York variant is now
known as Eburacum ware.) By the third
century a highly unofficial industry also
existed: the counterfeiting of denarii,
Roman siiver coins, for which we found
a variety of casting molds.

In another area, by the banks of the
Ouse, we have uncovered warehouses
that were already in service by A.D. 75,
doubtless housing supplies for the Ninth
Legion. Here we found evidence of their

FORTRESS WALL, standing 16 masonry courses high above a chiseled plinth that is support-
ed by a mortar-and-cobble foundation resting on oak piles, is another relic of Roman York
uncovered by chance during commercial excavation for a deep sewer in the center of the city.

use for grain storage and also of a disas-
ter that soon struck one of them. In the
older of the two warehouses we exca-
vated we found no evidence of grain but
we did uncover a thick layer of carbon-
ized grain beetles, millions of them per
square meter. The structure had clearly
burned down. Its ruins were then bur-
ied under a layer of clay, and a similar
warehouse was built over them. The sec-
ond warehouse contained few grain bee-
tles and ample evidence of grain storage,
including some grain of nonlocal origin
(indicated by the weed seeds it con-
tained). Evidently a massive infestation
of grain beetles had been dealt with by
the deliberate burning of the first build-
ing. The reconstruction of this dramatic
story exemplifies the usefulness of two
fast-growing archaeological disciplines:
paleoentomology and paleobotany.
The York Trust has selected two areas
of the later Roman town for excava-
tion. In one area the development of riv-
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erside roads was investigated. The roads
were established late in the first century
or early in the second century on land
that had recently been cleared of brush
by the simple slash-and-burn method.
Interestingly, the land showed little sign
of the flooding that nowadays affects
central York almost every year. The
modern flooding problem may there-
fore stem almost entirely from later
works of man that have narrowed the
river valley and increased the rate of
upstream runoff by deforestation and
“improvements” to drainage. Near the
riverside roads and on the natural river
terrace above them stood the fine resi-
dences of the Roman capital. Parts of
several have now been excavated.

A feature of one of these houses was a
sophisticated water supply. A deep well
had been sunk; its shaft was supported
by elaborate shoring as a square tim-
ber lining was inserted. The lining was
stepped inward near the base to provide

79



LEGIONARY FORTRESS

AvER S

On._

+ BRIDGE

Vs

ROMAN YORK consisted of a rectangular fortress, enclosing 50
acres, on a natural plateau between the Ouse and the Foss. The civil-
ian settlement, Eburacum, once clustered around the fortress walls
but then was relocated across the Ouse early in the third century.

VIKING YORK, as it may have appeared in the 11th century, was
still largely confined within the old Roman lines. Street grid is con-
jectural. Excavations of workshops in the heart of Jorvik, as the Vi-
kings called the town, suggest that it was a smelly but lively place.

NORMAN YORK was dominated by two castles on opposite sides
of the Ouse: Old Baile and York Castle, now known as Clifford’s
Tower. The Normans also built the cathedral church, York Minster,
on the site within the old Roman fortress that it occupies to this day.
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MEDIEVAL YORK was the largest and most prosperous city of all;
it reached its apogee, second in rank only to London, in the 13th and
14th centuries. The Minster was enlarged, a new York Castle was
constructed and a moated perimeter wall was added on the southeast.
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an efficient means of rapidly refilling the
well. The lining had braced corners near
the top to give horizontal stability and
perhaps also to provide access by ladder
for cleaning. A variety of normally per-
ishable objects, for example leather
shoes, had fallen into the well, which
was probably filled in during the fourth
century. They were preserved in the wa-
terlogged fill.

Perhaps the most important find,
some nine meters below the ground lev-
el today, were several specimens of the
black rat, Rartus rartus. This species is
notorious as a carrier of the primary
vector of the bubonic plague: the flea
Xenopsylla cheopsis. Black rats had not
heretofore been recorded in England
earlier than the later Middle Ages.
Doubtless these specimens came ashore
from some ship of Mediterranean origin
that had called at the late Roman town.

he town houses of the civilian com-

munity flourished to the end of the
Roman period. The York Trust’s exca-
vations haverevealedbuildings with mo-
saic floors, elaborately painted plaster-
work and fine contents, along with evi-
dence that additions were being made to
the structures late in the fourth century.
It was a time when the town may well
have been not only the provincial ad-
ministrative headquarters but also head-
quarters for the Dux Britanniarum him-
self, the supreme commander charged
with the defense of Roman Britain. It
is therefore surprising that so little has
been found, either in our excavations or
in the century of earlier investigations at
York, indicating occupation in the peri-
od immediately afterward: the fifth and
sixth centuries. There were communi-
ties of Germanic settlers nearby, as the
discovery of their cemeteries demon-
strates, but evidently no large popula-
tion remained in the town.

The new techniques of environmental
archaeology are beginning to confirm
that this period was a low ebb in the
town’s history. The findings hint at an
ecology of the kind one might expect in
decaying buildings, streets covered with
weeds and little in the way of urban ac-
tivity. Such evidence of occupation as
there is bespeaks breakdown: thick lay-
ers of dirt and rubbish overlying former-
ly well-kept Roman streets, and squat-
ter occupation of dwellings, with rough
hearths cut into the Roman floor mosa-
ics. Even so, some buildings were kept
in good repair. Evidently the legionary
headquarters building collapsed only in
the ninth or the 10th century, and it is
conceivable that the town at this period
was the administrative center of a Brit-
ish kingdom, perhaps maintained at first
by Germanic mercenaries, that eventu-
ally served as the nucleus for the Ger-
manic successors who formed the An-
glian kingdom of Deira and eventually
Northumbria.
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SEVENTEENTH-CENTURY YORK was a city in decline, It was heavily defended, as is in-
dicated by this moat-and-wall plan taken from John Speed’s map of 1611. In the Civil War
the city was besieged by Cromwellian troops early in 1644 and finally surrendered in July. The
absence of much industrial and commercial development in the 18th and 19th centuries has
preserved many aspects of the city’s earlier history from obliteration during urban renewal.

The town was certainly playing such
a role by the seventh century. It was
here that the missionary Paulinus found
and converted the Northumbrian king,
Edwin, here that Edwin was baptized in
627 in a “little wooden church dedicated
to St. Peter,” here that the refounded
church flourished until in 735 it became
an archbishopric, as it is today. Alcuin,
an eighth-century alumnus of the town’s
cathedral school and a scholar at Char-
lemagne's court in Aachen, wrote a
poem of praise that described the town
as one of fine buildings, many Roman
in origin, and of great churches. By im-
plication the town was populous and
rich, as numerous archaeological finds
in the past century have indicated. Alcu-
in also bemoaned early raids by the Vi-
kings, but the town seems not to have
suffered from them.

The town was nonetheless the key to
northern England, and when Viking
aims changed from raiding to conquest,
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it was to here that the Great Army
turned. In a well-documented attack the
town was captured in 866. In 876 the
Danish warriors decided to settle in
Northumbria. They called their colony
“the kingdom dependent on Jorvik.” Ar-
chaeological confirmation of the Viking
takeover comes from the large number
of coins dating to about 866 that have
been found in coin hoards in the city
over the past century.

Evidence of the Viking’s exploitation
of their great prize has been seen in-
creasingly in the excavations of recent
years. The walls of the town were built
higher and were topped by timber pali-
sades that may have extended along
them for several kilometers. Apparently
by this time the decayed Roman bridge
across the Ouse had been replaced by
one at a different place, and a new town
street plan had formed around the roads
leading to the new bridge. York streets
still bear names of Scandinavian origin,
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WORKSHOP IN VIKING YORK is one of several excavated along Coppergate, as the wood-
workers’ street was called. The wet subsoil has preserved the 1,000-year-old timber walls of
the shop by saturation. Here the excavators found lathe-turned wood bowls and waste cores.

ADJACENT VIKING STRUCTURES of the ninth century were separated from each other
by wattle-and-timber fences. The trace of one such fence lies midway between the structure
at the bottom and the structure at the center. These fence lines lie deep under the lines of mod-
ern walls, evidence that modern property patterns are artifacts of Anglo-Scandinavian York.
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many with the suffix “gate,” from the
Old Norse gata, meaning path or street.
The new plan meant that the business
center of the town shifted downstream
nearer the confluence of the two rivers,
perhaps to take advantage of the good
wharfage facilities. For modern archae-
ology the move was a blessing: it took
the town into wet areas where the condi-
tions for preservation were excellent. It
is therefore in this part of York that the
York Trust’s recent efforts have been
concentrated. Here for the first time in
England a large part of a Viking town
has been exposed.

The initiative for the work came after
some nine meters of archaeological de-
posits were encountered as a city bank
began constructing new vaults under its
splendid 18th-century premises. In the
course of the excavation the York Trust
recovered 10 successive timber build-
ings of the Viking age: the Anglo-Scan-
dinavian period, to use the archaeologi-
cal terminology employed at York. The
occupants of each building seem to have
been engaged in leatherworking, either
tanning leather, making shoes and gar-
ments or simply cobbling, that is, mend-
ing shoes. The presence of seeds, other
plant remains and insects vividly dem-
onstrates the conditions under which the
craftsmen worked: damp, smelly, fly-
ridden and rubbish-laden. It is a picture
that corroborates one contemporary de-
scription of the town: a “dank demesne.”

ork is now preparing a major devel-

opment scheme for a four-acre area
not a stone’s throw from the site of the
bank-vault excavation. Over the past
four years the York Trust has been ex-
cavating half an acre of this huge and
archaeologically vital area before new
building destroys it. Our salvage work
has taken place in what is called Cop-
pergate: the Scandinavian name for
street of the coopers, or woodworkers.
Here we have excavated four of the
long, narrow properties that ran back
from the ancient street front in this part
of thetown. The modern properties prove
to follow the lines of plots laid out 1,000
years ago. The excavation has exposed
the wattle-and-timber fences of Viking
age that lay deep under the lines of mod-
ern walls. With this knowledge we are
able to interpret other isolated stretches
of fence, noted in commercial excava-
tions on nearby properties, as evidence
that a large part of the property pattern
in modern York is an artifact of the Vi-
king period: a fossil record of the an-
cient town plan.

Within the properties excavated in
Coppergate were timber buildings, set
gable end to the street and built back
down the slope from Coppergate to the
banks of the nearby River Foss. Several
of these buildings were partially sunk
into the sloping ground, like half cel-
lars. This had ensured the survival of



their timbers in excellent condition. We
found the walls, made of horizontal
planks set behind squared oak posts,
preserved to a height of 1.7 meters. Also
well-preserved were the internal fittings,
including doorways, plank-lined drains
and (in the buildings on the street front)
hearths. Evidently there was a differ-
ence in function between the street-front
buildings and the buildings back of
them. The front buildings may have
been shops and living quarters; the back
ones seem more likely to have been
workshops. One of the back buildings
was filled with wood chips and shavings
and the discarded cores of wood bowls
and cups turned on a pole lathe. Wood-
working tools too were evidence of the
profession that gave its name to the
street.

he neighboring property may have

accommodated jewelers; it yielded
much amber and jet in the form of fin-
ished articles such as pendants and
beads and of unworked materials and
by-products. One jeweler seems also to
have been a die-cutter in the employ of
coinmakers. This is suggested by a strip
of lead that bears trial strikings from
fresh obverse and reverse dies of a coin
of the English king Edwig minted by the
moneyer Frothric. The dies were cut be-
tween 955 and 959.

These excavations and others in the
center of York show that a multiplicity
of trades and crafts were pursued in
the Anglo-Scandinavian town. Workers
in bone and antler produced pins and
composite combs of the hog-backed Vi-
king type; we found some of them still
in their case. Glassworking was anoth-
er activity, mainly for the production
of beads and rings. Other craftsmen
worked in iron, bronze and lead. Brooch-
es made of lead alloy seem to have been
a popular product in the town’s mar-
kets. Our recovery of the mold for a fine
trefoil brooch demonstrates that local
craftsmen also made cast bronzes of the
Scandinavian type.

Jorvik therefore emerges from the
excavations as a large town of tightly
packed wood buildings, with craftsmen
of all kinds turning out the requirements
not only of the town itself but of the
Viking kingdom it served. Moreover,
the town provided its inhabitants with
products other than local ones. Our ex-
cavations have turned up numerous ar-
tifacts of foreign origin. Honing stones
made of mica schist, imported from
Eidsborg in the Telemark district of
Norway, are common finds at York.
Presumably they were shipped here in
boats like one recently found at Kldstad
in Norway, which was loaded with Eids-
borg honing stones. Bowls of soapstone
also arrived in the town, perhaps from
Shetland, and so did millstones of lava
from the Mayen region of the Rhineland
and wine in Rhenish amphoras. Silk

WOODWORKERS’ PRODUCTS, these bowls were turned by means of a pole lathe, a spring
device that rotates the workpiece. Top-shaped objects at the left are two of the waste cores.

AMBER JEWELRY was another product of Anglo-Scandinavian Jorvik. At top are pendants
(one pierced for suspension), a bead and a ring fragment. Below them are bits of raw amber.
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came to the cloth markets of the Viking
town from even farther afield to com-
pete with the homelier woolen fabrics
we have found in great variety in our
excavations.

tery was brought down the River Trent
and up the Ouse from Lincolnshire.
Fish, oysters and other seafoods were
brought up the Ouse in vast quantities
from the North Sea fisheries, a mini-

Other commodities, from the town’s
own hinterland, were also for sale. Pot-

mum of 50 miles away, to help feed the
10,000 inhabitants (at a conservative es-

10 METERS
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ROMAN MOSAIC

GROWTH OF A CHURCH, St. Helen-on-the-Walls, is traced in this series of plans. The
first two phases were the construction of a small chapel over an abandoned Roman mosaic
floor in the 10th century (black) and the addition of a chancel (color) in the 12th century.

- -
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THIRD PHASE of construction, in the 12th or 13th century, consisted in a lengthening of
the recently added Norman chancel. The additional construction made St. Helen-on-the-
Walls excessively long and narrow, which proved inconvenient for its medieval congregation.

WEST ADDITION

o ———m

i

FINAL PHASES of construction took place in the 14th century, when St. Helen-on-the-
Walls was almost entirely rebuilt. The reconstruction placed the building on a new alignment
(black). The work was further extended in the 15th century by an addition to the west (color).
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timate) of this rich trading, manufactur-
ing and administrative town, the royal
and archiepiscopal center of its day.

Such a flourishing locality was inevi-
tably important during the Nor-
man conquest of England. Indeed, the
troubles that William the Conqueror
encountered after building a castle in
York in 1068, garrisoned by 500 picked
knights, were so severe that he ordered
the construction of a second castle the
following spring. In that year a com-
bined Anglo-Danish force destroyed
both Norman strongholds. William re-
sponded by spending Christmas of 1069
here, rebuilding both castles and ravag-
ing the town and the countryside so
thoroughly that his campaign is known
in history as the Harrying of the North.
In the process approximately half of the
town’s residences were destroyed or left
derelict. Norman builders meanwhile
erected York Minster, the cathedral, on
its present site, added monasteries and a
mill and replanned part of the town cen-
ter. The town’s ancient prosperity soon
returned. It reached its apogee in the
13th and 14th centuries.

The York Trust intends to examine
something of this great period, and sev-
eral large areas of the city center have
been selected for detailed study. For ex-
ample, at Skeldergate near the wharves
of the Ouse a pair of riverside properties
have already been surveyed. At Copper-
gate we have uncovered fine town hous-
es built of timber and stone and com-
mercial buildings at the heart of the lat-
er medieval city. They stood on ancient
plots; between them alleys ran steeply
down from Coppergate to the Foss.

The floors and rubbish pits of the
town houses have yielded a huge num-
ber of artifacts. One barrel-lined well
contained a bucket and chain in a re-
markably good state of preservation.
Two latrines were uncovered, complete
with hole-in-plank seats. The water-
logged debris included evidence of the
commodities brought in to the city for
sale and the kind of food available to
the medieval citizen. A vivid picture
emerges of the environmental condi-
tions in the city center. Standards of hy-
giene and municipal cleanliness had evi-
dently improved greatly since Viking
times, even if contemporary records do
complain of York’s being the dirtiest
city in the kingdom.

We have sampled a third and rather
marginal area of the medieval city
that proved to have accommodated the
smelly pottery and tile industry. Pewter-
ers also worked here. A fourth sample
area, flanking an alley off Goodramgate
in the shadow of York Minster, accom-
modated another noxious industry in
the form of a bell foundry right in the
middle of the city. The main structure
of the foundry, rebuilt several times be-



tween the 13th and the 15th century,
housed a furnace, a fuel store and a bar-
rel-lined well of a type found frequently
in the city. Nearby were smaller work-
shops. On and around the premises and
in the street outside were some 13,000
bell-mold fragments. The archaeologi-
cal evidence demonstrates the practices
and technology of an industry hitherto
known only from the registration (in the
freemen’s register of the medieval city)
of a bellmaker in each of several succes-
sive generations.

The York Trust has made progress in
its aim to excavate individual examples
of various common buildings in the
medieval city. A hospital at the edge of
the city will have to stand for the 23 that
existed in medieval York. A small nun-
nery is similarly representative of the
city’s eight monastic houses. Of the 44
medieval churches, only one has been
excavated in detail: St. Helen-on-the-
Walls, named for its being tucked into
the city ramparts. That one church,
however, tells a remarkable story.

In the 10th century a little stone chap-
el was built over the mosaic floor of a
small Roman town house. In the 12th
century it was given a chancel, which
was soon lengthened. The church, by
now somewhat long and inconvenient,
was rebuilt in the 13th or the 14th centu-
ry and was finally lengthened to the west
toward the end of the Middle Ages. The
cemetery associated with St. Helen-on-
the-Walls developed in a similar way,
and more than 1,200 individual burials
have now been recovered from it. Stud-
ies of these remains are now complete.
They reveal the physical characteristics
of the people of medieval York and hint
at a change in genotype in the 11th or
the 12th century. The studies have also
provided the first statistics on the inci-
dence of several deficiency diseases, of
diseases with an occupational or envi-
ronmental cause, of various forms of
dental disease and of other conditions
that leave their mark on the skeleton.
Now the York Trust awaits the opportu-
nity to excavate other cemeteries of sim-
ilar size to get statistically acceptable
samples for the Roman, the Anglo-Sax-
on and the Viking periods. The findings
would add importantly to the demo-
graphic data obtainable in documentary
sources from the 16th century on.

One further great institution of the
city has been revealed in perhaps the
most comprehensive area excavation
ever undertaken in a medieval city. A
six-year campaign, now nearing com-
pletion, has uncovered almost the entire
plan of the College of the Vicars Choral,
a group, originally 36 in number, who
served as deputies for the cathedral
canons. The college was established by
Archbishop Walter de Grey, chancellor
of England, in 1252. Its 14th-century
hall and chapel still survive, and our ex-
cavation has shown how the rest of the
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DIE-CUTTING was another craft practiced in Anglo-Scandinavian Jorvik. Seen here are two
test strikings for a coin, impressed on a strip of lead. The coin was to be minted for Edwig, a
great-grandson of Alfred the Great, who ruled from 955 to 959. His name, spelled Eadwig,
appears on the obverse (leff). The name of the coinmaker, Frothric, is on the reverse (right).

college developed. Initially there was a
large, open collection of buildings, per-
haps taking their inspiration from the
plan of contemporaneous monasteries.
Later these structures were replaced by
buildings of a more domestic aspect. In
the 15th century the college had a court-
yard almost like that of a university,
flanked by a hall on one side, a kitchen
and brewhouse on another and domestic
accommodations on a third. The tim-
ber-framed buildings surrounded a gar-
den, and behind them lay orchards. Lat-
er the Vicars Choral were accommodat-
ed in small individual houses along an

adjacent street; each had its own hearth
and two or three rooms, and most had a
latrine.

Details of a not uncomfortable way of
life have been revealed by a study of the
contents of the college’s rubbish pits.
For example, one pit held a large quanti-
ty of fig seeds. Adding to this picture is a
wide range of personal trinkets and jew-
elry, among them seal stamps and a gold
ring set with sapphires. The excava-
tion gains considerably from having the
guidance, on the one hand, of surviving
architectural elements of the buildings
and, on the other, of a remarkably com-

LATRINE SEAT of the period after the Norman Conquest was found in situ by the York ex-
cavators. The contents of this 12th-century latrine and others have provided paleobotanists and
paleoentomologists with data on human diet and parasites at this stage in the city’s history.
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plete series of medieval building ac-
counts and leases that help to explain
the function and rationale of both the
excavated and the surviving buildings.

The work of the York Trust since
1972 has added flesh to the bones of the
city’s 2,000-year history. Perhaps the
most significant result of the work is

PRE-CONQUEST CHURCH, St. Helen-on-the-Walls, is seen ex-
cavated to the level of its first phase, a small 10th-century chapel.
A chancel added in the 12th century appears in the foreground. Re-
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the progress it has brought in the sys-
tematic application of the methods of
the natural sciences to the solution of
the problems confronting the urban ar-
chaeologist. Our permanent team in-
cludes an entomologist, a zoologist, a
botanist, a soil analyst, a physical an-
thropologist and several conservators in
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addition to archaeological specialists of
the more traditional kind. They normal-
ly work in collaboration on common
problems, and their joint results create a
new expectation that the techniques of
archaeology can define and relate the
story of that most complex and change-
ful of human artifacts, a living city.

mains of a Roman mosaic lie just beyond the measuring rod at the
center. Most of the oblong cuts through the mosaic are graves of lat-
er periods; several burials outside the church appear at the top right.




If it hadn’t been for a move George
Eastman made in 1912, who knows?
We could have vanished like so many
other of the big names of that day.
What has preserved and prospered us
was a weird business idea that Eastman
bought that year: If Kodak will support
Science, Science will return the favor.

Eastman had to buy this preposter-
ous proposition if he wanted the ser-
vices of a certain loud, cocky, 30-year-
old Englishman who looked upon
industry as a fun place in which to do
science. Eastman wanted the services.
The young man wanted the admiration
of the astronomical world. However,
he also had to deliver things to earn in-
come for his employer from the
99.999+% of the population that does
not work professionally in astronomy.
He and Science delivered mightily. In

Mr. Eastman

recognition of the bargain struck, we
still keep up the payments in the form
of certain products short on appeal to
the world at large. We wouldn’t haveto
if the photographic emulsion were as
outmoded in astronomy as outsiders
might think. Therefore:

1) Announcing: two new electrono-
graphic emulsions for astronomy: Pho-
toelectric and photographic detection
of the photons from afar are combined
by exposing a nuclear-track type of
emulsion to accelerated electrons in an
image tube. The various electrono-
graphic cameras protect their photo-
cathodes in different ways from vapors
released in high vacuum by photo-
graphic emulsion and its support. This
requires us to provide material to vari-
ous physical specs and a choice be-
tween a high-speed emulsion with a

grain size around 0.34 um and a high-
resolution emulsion around 0.15 um.

2) Announcing: a film version of the
plates that astronomers hypersensitize
Jjust before exposure: Speed gains as
much as 6X are achieved by soaking in
warm gases to reduce low-intensity
reciprocity failure, the phenomenon
that reduces photographic effect froma
given number of photons when deliv-
ered at a low rate.

3) Announcing: films for use beyond
the confines of Earth, to record in the
wavelength range from 50 A to 2000 A.
The silver halide grains must protrude
from the gelatin that holds them in
place but is pitch-black in this spectral
range. Mechanical contact can make
them developable. Therefore, we coat
rails of polystyrene beads along the
edges on the emulsion side to keep the
convolutions of the roll 150 um apart.

Not available over any counter. For
initiation into the mysteries, one states
one’s problems and needs to Kodak,
Scientific & Technical Photography,
Rochester, N.Y. 14650, phone (716)
724-4139. The part of the factory where
these products are manufactured finds
other things to do pending receipt of a.
firm order.
© Eastman Kodak Company, 1980

It worked! It’s still working! Who would have believed it!

1850 {@ 1980
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SCIENCE AND THE CITIZEN

Death Takes a Holiday

The death rate in the U.S. for dis-
eases of the heart and blood ves-
sels continues to decrease—and so
far no one has been able to establish
how much of the decline can be attribut-
ed to areduction in the incidence of car-
diovascular disease and how much to
better patient care. Participants at a
meeting on coronary heart disease held
last fall by the National Academy of
Science’s Institute of Medicine agreed
that the reduction in mortality is strik-
ing but disagreed about the causes of
the decline. Probably both primary pre-
vention and improved treatment have
played a part, but their relative roles
cannot be determined because there are
inadequate data on the nationwide in-
cidence of nonfatal heart attacks and
strokes. Meanwhile, however, increas-
ing attention is being called to the fact
that the decline in cardiovascular deaths
is part of a broader trend: the steady
reduction in the overall U.S. mortality
rate. Among the major causes of death
only cancer, suicide, homicide and a cat-
egory labeled chronic obstructive pul-
monary disease have taken an increas-
ing toll since 1968.

From 1968 to 1978 the age-adjusted
mortality rate for cardiovascular dis-
ease declined by 24.6 percent; for coro-
nary heart disease the 10-year decline
was 25.2 percent and for cerebrovascu-
lar disease (stroke) it was 37.7 percent.
Why? Better control of hypertension
(high blood pressure) is suggested as
one important reason, but there are in-
dications that the decline began before
moderate hypertension was aggressively
treated in otherwise well people. The
drop correlates rather well with a re-
duction since the mid-1960’s in the pro-
portion of men who smoke cigarettes,
but women’s coronary-disease mortali-
ty is decreasing faster than men’s, and
in many age groups more women are
smoking now than were smoking 10
yearsago. The impact of changes in diet
and exercise is similarly uncertain.

The death rate from cancer increased
over the 10 years by 3.1 percent. As
Lester Breslow of the School of Public
Health of the University of California at
Los Angeles has pointed out, however,
that is largely owing to the sharp in-
crease in respiratory (mostly lung) can-
cer: “If it were not for lung cancer, mor-
tality from cancer as a whole would be
falling.” The death rate for respiratory
cancer rose by 31.2 percent in the 10
years, whereas the overall rate for all
other cancers has fallen by 4.1 percent,
The lung-cancer death rate among men
has been increasing for several decades,
a rise that is generally attributed to the
large increase in men’s cigarette smok-
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ing after about 1920; women began
smoking in large numbers later, and
now their lung-cancer death rate is ris-
ing steeply. Breslow noted that a reduc-
tion in cigarette smoking appears to be
reflected more quickly in lower coro-
nary-disease mortality than it is in lower
lung-cancer mortality, so that the long-
term lung-cancer increase and the recent
heart-disease decrease are consistent
with a role for cigarette smoking in both
diseases. The increase in a broad group
of chronic lung conditions that includes

emphysema might also be attributable

to the long-term increase in smoking.

The U.S. mortality rate from all caus-
es appeared to have reached a plateau in
the 1950’s and early 1960’s. Then it be-
gan to fall again at an appreciable rate;
the overall decline in the age-adjusted
death rate was 18.6 percent from 1968
to 1978. That, of course, raises a new
question: Why is the country generally
so much healthier? General economic
improvement and better access to medi-
cal care may be among the major rea-
sons. The possibility is supported by the
fact that the reduction in the overall
mortality rate, and particularly in the
infant-mortality rate, is significantly
less for blacks than it is for the popula-
tion as a whole.

Vanishing Point

he idea of the mathematical point, a

point with no size or extension, is
a long-standing challenge to the imagi-
nation. The challenge is all the greater
when the point represents not a mathe-
matical abstraction but a physical ob-
ject, such as an elementary particle of
matter. In mathematics a point has only
one attribute: position. A physical par-
ticle, on the other hand, can have prop-
erties such as mass, electric charge
and intrinsic angular momentum, all of
which must somehow be embodied in a
region of zero volume.

As a conceptual device the point par-
ticle has long been useful in physics be-
cause a number of fundamental laws
have their simplest form when forces act
at a point. Celestial mechanics, for ex-
ample, is greatly simplified if the planets
are treated as though they were point-
like. This description is obviously con-
trary to fact, and so calculations based
on it give only approximate results. At
least one class of physical objects, how-
ever, seem to be truly pointlike: they are
the leptons, the family of elementary
particles that includes the electron. In
the theory that describes electromagnet-
ic interactions of the leptons—quantum
electrodynamics—it is assumed explicit-
ly that the electric charge of a lepton is
confined to a dimensionless point. If that
assumption is only an approximation, it
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must be a quite good one, because quan-
tum electrodynamics has been verified
to greater accuracy than any other phys-
ical theory. All experimental tests of it
carried out so far indicate that it is an
exact theory of the leptons.

The electron is the only lepton famil-
iar as a constituent of ordinary matter.
“Lepton” derives from a Greek word
meaning “small” or “light in weight,”
and the electron fits that specification
well. Its mass (expressed in energy units)
is about 500,000 electron volts; the oth-
er constituents of the atom, the proton
and the neutron, are almost 2,000 times
heavier. A second kind of lepton, the
muon, was first observed 40 years ago in
cosmic rays; with a mass of about 100
million electron volts, it also qualifies as
a comparatively light particle. The third
lepton, however, which was discovered
five years ago, has made nonsense of the
classification of particles according to
mass. The new lepton, designated tau,
has a mass of 1.8 billion electron volts,
which is almost twice that of the proton.
Indeed, the tau has been given the oxy-
moronic label “heavy lepton.”

The electron, the muon and the tau
can each have an electric charge of ei-
ther +1 or — 1. (The positively charged
electron is often called a positron.)
There are also three electrically neutral
leptons, or neutrinos, each associated
with one of the charged leptons. The
neutrinos are the most ephemeral of all
particles. It seems they lack not only all
size and electric charge but also mass;
they are the great nonentities of the sub-
atomic realm. Nevertheless, the neutri-
nos clearly do exist, and each kind of
neutrino can readily be distinguished
from the others.

All six of the leptons are thought to be
pointlike. It should be emphasized that
the same cannot be said of many other
particles. The proton and the neutron,
for example, have a diameter of some
10-13 centimeter. Although that is very
small (smaller than the diameter of an
atom by a factor of 100,000), it is defi-
nitely greater than zero, and it can be
measured. The proton and the neu-
tron are not elementary particles but in-
stead have a complex internal structure.
They are thought to be composites of
the more fundamental particles called
quarks, which may be pointlike.

In order to measure the size of a parti-
cle it is necessary to bring a probe parti-
cle within close range of it. Forcing two
particles together in this way requires
that they approach each other with high
energy. For this reason the lower limit
that can be set on the size of the leptons
depends on the energy available for
accelerating them. In the past year a
new device for causing leptons to col-
lide at high energy has begun operating:



Mumm5 the word.

For 150 years now, people who know how to live have been celebrating life with
Mumm premium Champagne, imported from France.
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Qwip Two facsimile
machines can send or

Wdec 4000 senes word receive words, pictures,
processors feature the charts and graphics over
world's first two-full-pace the telephone in just
display screen two minutes

Qyx, The Intelligent Typewriter
lets you add memaory, Zilog MCZ-1/70 microcomputers
display or communications can support five terminals

50 Qyx can grow smarter qiving multiple users

without growing larger access to the same information
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WE'RE MAKING IT
EASIER FORYOU TO
DO BUSINESS.

We are Exxon Information Systems companies. Wdec, Qwip,
Qyx, and Zilos.

Into our products go the most advanced technologies
in information processing, communications and storage. Out
of them come easier, faster more efficient ways for you to do
business.

Wdec® for example. Wdec, Inc. just introduced the
Wdec 4000 series...the first 19-inch two-full-page display
word processor. The 4000 lets you work with up to 6,000
characters on the screen at one time.

Qwip® facsimile machines speed paperwork across
town or cross-country in just two minutes. Because Qwip is
used with your telephone, sending copies from “here” to
“there” is as simple as dialing your destination.

Qyx? The Intelligent Typewriter,” has electronic modules
that let you add memory, display or communications. So Qyx
gets smarter without getting bigger.

Zilog, Inc. makes highly flexible microcomputer systems
that can use five high-level languages. So Zilog® microcom-
puters have the versatility for a broad range of business and
industrial applications at a very low cost.

To learn more about our products and how they can
make it easier for you to do business, just call 800-631-8181
toll free. In New Jersey, call 800-452-9300.

EX¥ON Information Systems
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What if you chose HP products to

For example: a very BASIC computer with interactive graphics,
expandable memory, optional peripherals, and interfacing potential
disproportionate to its modest price, designed to give your personal
productivity a lift.

Basically, the new HP-85 is

e a fully integrated computer
(keyboard, display, CPU, magnet-
ic tape data storage, and thermal
printer) in one package small
enough to fit a corner of your desk
or lab bench, or to take home.

e a computer that is easy to use
because of HP’s BASIC language,
and that requires no computer ex-
pertise (it instructs the user).

e a computer with 16K bytes of
memory (expandable to 32K
bytes), able to invert a 10 X 10
matrix. It will generate graphic de-
signs on its CRT display interac-
tively under your control, then
transform the display to hard copy
on its built-in printer.

e a computer that views technical
and business problem solving
with fair impartiality.

e a computer that can interface
with instruments and operate as a
computing controller through
HP-IB and other communication
protocols available later this year.

e a computer whose versatility
can be enhanced with optional
peripherals through HP-IB inter-
face: a high-speed, full-widthline
printer, a full-sized plotter, flexi-
ble disc drives for data storage.

e a computer with a starting re-
pertoire of 10 application pacs in-
cluding technical, graphics, statis-
tics, and business.

e acomputer that costs just $3250*.

The HP-85 is the product of HP’s
proprietary LSI circuit technology
and about 14 years of computer
experience. Naturally, it carries
the assurance of an HP warranty,

software support, documentation, The HP-85 is a fully integrated computer that weighs
and service. a mere 20 pounds (9 kilograms).
92
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enhance your productivity?

For example: a patient information center for intensive and critical
care environments that brings substantial improvements to hospital
patient monitoring—including cost.

Monitoring the ECG and vital
signs of the critically ill is hardly
new—we’ve been making patient
monitoring systems for years. But
the new HP 500 series patient in-
formation center improves the
basic monitoring functions sig-
nificantly, enhances the produc-
tivity of the critical or intensive
care staff, and offers some tidy
economic advantages.

e It detects abnormal heart rates,
sounds an alarm, and generates a
recording of the ECG data. Its
sophisticated software cardiotach
radically reduces the chance

of a false alarm from patient
movement or extraneous
electrical noise.

e It doesn’t take itself for granted.
A built-in fault monitor plus three
other levels of self test and
diagnosis ensure that any mal-
function will be quickly and
easily detected—a comfort to

the nurse on duty when a bio-
engineer isn’t at hand.

e It is compatible with all HP
bedside monitors. That means it’s
designed to forestall obsolescence.

e It uses HP’s latest silicon-on-
sapphire microprocessor technol-
ogy to bring its many functions

under the simplified control of just
eight keys—in contrast to the
more usual 50 or 60 function keys.
These eight “soft keys” call up a
menu of possible control func-
tions, and changing key labels
that appear on the video screen
guide the user through each step.

e Its modular design makes it
easy to configure or expand to
meet an ICU’s precise needs, in 4-
and 8-patient increments, for
ECG, heart rate, pressure, and
trending—displaying the results
as waveforms or numbers.

\ A

\‘H-

e Its price—beginning at
$15,700*—puts the HP 500 series
within the financial reach of
even small hospitals, and de-
livers a level of capability
unmatched by central stations
costing much more.

For more information, mail the
coupon to Hewlett-Packard, 1503
Page Mill Road, Palo Alto, CA
94304. Or call the HP regional of-
fice nearest you: East (201) 265-
5000, West (213) 970-7500, Mid-
west (312) 255-9800, South (404)
955-1500, Canada (416) 678-9430.

These are only two of many thousand product reasons for choosing HP.

K

HEWLETT
PACKARD

Mail to: Hewlett-Packard, 1503 Page Mill Road, Palo Alto, CA 94304\
Please send me further information on

| (

) HP-85 computer
() HP 500 series patient information center

Company

Address

City

State Zip

*Domestic U.S. prices only
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CASIO QUALITY
AND MORE AT SUCH
A LOW PRICE!

Dual Time e 12/24 Hour
Stopwatch e Chronograph
4 Year Lithium Battery
Water Resistant

The Price Breakthrough
of the Decade Only

$39*

in Stainless
Steel.

Two time
zones allow

user to view local
time and any other
time zone in the world.

QUALITY, RELIABILITY, AND FEATURES!

Casio has introduced the perfect watch. Quality, such as a
mineral glass lens impervious to scratches, 100% quartz
reliability, and accuracy to = 15 seconds per month,
combine with unequalled features to rival the most expen-
sive watches at a portion of the cost. Casio quality, reliabil-
ity, and features at $39.95 make the 95QS watch an ex-
traordinary value and gift idea!

Check These Features:

o Display hours, minutes, seconds, AM/PM, month, date,
and day of week. Also has a light for night viewing.

® Works on both 12 and 24 hour system.

© ‘Always visible’ LCD digital timekeeping.

o Stopwatch functions: On command stopwatch dis-
play freezes to show intermediate (split) times while
stopwatch continues to run. Can also switch to and from
timekeeping and stopwatch modes without affecting either
operation.

o Electronic stopwatch in minutes, seconds, and hun-
dredths of seconds up to 7 hours. Separate ‘time out’
feature permits stopping and re-starting of timer.

© Long life lithium battery gives up to four years of
continuous use before replacement is necessary.

o Water resistant and shock resistant, includes battery.

® One year manutacturer's warranty.

Why Shop By Mail?

Shopping by mail is convenient, easy,and fun. We ship all
orders promptly to your home or office. You can charge your
order to any major credit card. Most of our products are
not available at your local store. Andifthatisn't enough,
you have a 30 day no riskmoney back guarantee:

“Try any one of our products for 30 full days and if you are
not happy with the performance, features, or for any
reason wish to return a product, we will refund your full
purchase price!”

CREDIT CARD BUYERS: TO ORDER CALL TOLL FREE
24 HOURS A DAY
To order in California call toll free (800) 432-7451
>

V3 (800) 854-3831

DWS marketing international, Dept. $4, 350-A Fischer Av-
enue, Costa Mesa, California 92626 (714) 540-4444
Call our toll-free number for quickest service or send your check, Money
Order, or credit card info to us. Please allow ample time for checks to
clear. We accept Am. Ex., Carte Blanche, Diner's Club and all major credit
cards. Add $2.50 for insured postage & handling for first product & $1.00
for each additional product. Calif. addresses add 6% Sales tax.
©DWS marketing international 1980
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the PETRA storage ring at the German
Electron Synchrotron (DESY) near
Hamburg. A series of measurements
setting a new limit on the lepton ra-
dius was recently completed there by
57 physicists from West Germany, the
U.S,, the Netherlands and China. Their
findings are published in Physical Review
Letters.

In the PETRA storage ring electrons
and positrons collide head on, annihilat-
ing each other and thereby giving rise to
other particles. Among the many possi-
ble outcomes of such a collision three
are of interest in the measurement of the
lepton radius: the energy of the annihi-
lated particles can rematerialize as an-
other electron and positron, as a pair
of muons with opposite charges or as a
pair of tau leptons, again with opposite
charges. Each of these reactions has a
different probability, and the probabili-
ties change with the energy of the collid-
ing particles. The probabilities and their
dependence on the collision energy can
be calculated in quantum electrody-
namics, making use of the assumption
that the leptons have zero radius. If the
leptons actually have some size greater
than zero, then the observed reaction
rates should depart from the predictions
of quantum electrodynamics. The dis-
crepancy would be detected only when
the collision energy reached a level high
enough to bring the particles within a
few diameters of each other. Hence the
plan of the experiment is simply to mea-
sure the rates at which electrons, muons
and tau leptons are emitted at various
energies and to compare the results with
the predictions of quantum electrody-
namics.

Certain experimental difficulties are
encountered in such a measurement. Al-
though the region where the electron
and the positron collide is surrounded
by a dense array of electronic detectors,
not all particles emitted in the aftermath
of a collision can always be registered.
Moreover, not all the particles detected
at any moment necessarily derive from
the same collision. In the case of the tau
there is an additional complication: the
tau survives too briefly for it to reach the
detectors, and so it must be identified
by its decay products. Similar problems
arise in many other experiments in high-
energy physics, and techniques have
been developed for overcoming them.

The PETRA measurements extend-
ed to an energy of 31.6 billion electron
volts, roughly three times the maximum
that could be reached with earlier in-
struments. At that energy the distribu-
tion of the electric field surrounding a
lepton is examined at a scale of about
10-16 centimeter. No departures from
the predictions of quantum electrody-
namics were detected. Thus if any of the
charged leptons has a size greater than
zero, it cannot be greater than 10-16 cen-
timeter. That is a thousandth the diame-
ter of the proton. All the data are consis-
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tent with the hypothesis that the leptons
are perfectly pointlike.

Warmed-over Chips

he silicon chip of a microelectronic

device must be selectively “doped”
with a relatively small number of atoms
of other elements if its various areas are
to have the appropriate electrical prop-
erties. One of the best ways to accom-
plish the doping is by ion implantation:
driving the dopant atoms into the silicon
with an ion accelerator. A drawback
of ion implantation is that the energet-
ic ions frequently disrupt the orderly
three-dimensional lattice of the silicon
crystal and spoil its electrical properties.
Therefore after ion implantation the sil-
icon is usually annealed, or reheated, to
restore the lattice. The annealing itself,
however, tends to move the dopant at-
oms out of an optimal configuration. It
now appears that if the silicon is an-
nealed not in a furnace but by having
only its surface heated with a laser or
electron beam, this considerable draw-
back is overcome: not only is the three-
dimensional lattice restored but also the
dopant atoms take up an even more op-
timal configuration than before.

Annealing with a pulsed laser beam
was introduced in 1974 by two Russian
groups, one at the Kazan Physical-Tech-
nical Institute, the other at the Institute
of Semiconductor Physics in Novosi-
birsk. More recently a group at Stanford
University including James F. Gibbons,
Fabian Pease and Thomas Sigmon has
worked with both laser light and elec-
trons, supplied not in pulses but by a
continuous finely focused beam that
scans the surface of the silicon wafer
out of which chips are cut. The ener-
gy of the scanning beam can be made
high enough to excite strong vibrations
among the atoms in the disrupted sur-
face without actually melting it. The
crystal lattice reconstitutes itself in the
pattern of the undisrupted lattice under
it. The vibrations also tend to shake the
dopant atoms out of what are called in-
terstitial sites to sites where they sub-
stitute for atoms of silicon. Here they
can play their part in the electrical be-
havior of the semiconductor.

The laser or electron annealing en-
hances the advantages of ion implanta-
tion over an older method, in which the
wafer is heated in the presence of a va-
por of a dopant so that the atoms of the
dopant can diffuse into it. In the course
of ion implantation the wafer can be
metered for charge in order to monitor
the total amount of the doping. This
cannot be done in a furnace. Moreover,
ion implantation can be confined to par-
ticular parts of the surface by masking,
and the effects of the masking are pre-
cise. In the diffusion method atoms that
have diffused into a wafer can also dif-
fuse sideways under a mask.

Such annealing has other uses. For
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Every year at the Scotti School of Defensive
Driving some of the best drivers in the world get
even better. Theyre not race car drivers. But people
like police officers and chauffeurs of diplomats
whose driving skills can mean the difference
between life and death.

As part of their training, students go through
the schools’ slaloms, high-speed turns and evasive
maneuvers in many different kinds of cars. Every-
thing from big domestic limousines to the most
famous European performance cars. But according
to Tony Scotti, the car the drivers handle themselves
best in, is a Volvo GT.

While this may raise the eyebrows of some
people, it comes as no surprise to us at Volvo.

“YOU'LL PROBABLY FIND
IT HANDLES BETTER THAN
CARS MORE FAMOUS FOR

—TONY SCOTTI
SCHOOL OF DEFENSIVE DRIVING
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The Volvo GT is built with something the makers
of many other performance cars seem to have over-
looked. Predictability. So unlike those other cars,
the GT offers no surprises. It behaves at high speeds
exactly the way it does at normal speeds. Which
means you don’t have to have the skills and reflexes
of a Grand Prix driver to be able to handle it.

And after all, as Mr. Scotti says, “How can you
enjoy driving a performance car at the limit, if you
have no idea what the car will do next?”

If you just want to be able to say you own a
famous performance car, there are any number you
can buy. But if you want to be able to say you can
perform in one, buy the Volvo GT. VOLVO
A car you can believe in.
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example, the Stanford group has found
that heating a surface consisting not of a
disrupted crystal lattice but of numer-
ous small crystals transforms the small
crystals into larger ones. Semiconductor
devices fabricated on these polycrystal-
line surfaces have properties similar to
those of devices made on single-crystal
material. Furthermore, “islands” of sin-
gle-crystal material in the polycrystal-
line surface have dimensions suitable
for the fabrication of high-density mi-
croelectronic devices. The implantation
of dopants with suitable masking would
make an island a transistor. Repeating
the process with layers of silicon laid
down on top of the first layer might
make it possible to fabricate a micro-
electronic device in three dimensions in-
stead of the usual two.

Voices in the Light

or nearly 20 years the Bell System

has been working to develop the
technology of optical communication,
in which information is transmitted at
the frequencies of light (instead of at
the much lower frequencies of electri-
cal and radio waves) over thin, highly
transparent glass fibers (instead of met-
al wires.or radio beams). The optical
system offers the advantages of a far
greater carrying capacity and less inter-
ference. Bell tested an optical telephone
system successfully in Atlanta in 1976
and in Chicago from 1977 to 1979.
Now the Bell System is preparing to
start up the first standard commercial
installation, which later this year will
link three central offices in Atlanta. The
plans are described in Bell Laboratories
Record by Ira Jacobs, director of the
Wideband Transmission Facilities Lab-
oratory at Bell Laboratories in Holm-
del, N.J.

The Atlanta installation will be digi-
tal. In a digital light-wave system the
light source, which is either a small laser
or a light-emitting diode, emits pulses
of light of equal intensity rather than a
steady beam of varying intensity. Each
second is divided into 44.7 million seg-
ments, and the light source inserts one
bit of information into each time slot by
either flashing on or remaining off. The
receiver, a small photodetector, senses
in each time slot either a pulse or the
absence of one. If it senses a pulse, it
registers a 1; if it senses the absence of a
pulse, it registers a 0. Eight such bits of
information make up a digital word (for
example 11010010), and from a series
of such words other elements of the
transmission system can reconstruct the
original voice signal.

A person making a telephone call is
typically connected to a central office by
a single pair of wires called a loop. At
the central office the call is dispatched
(along with many other calls) over high-
capacity transmission links to the cen-
tral office serving the recipient. It is this
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communication among central offices
that will be achieved by the light-wave
installation in Atlanta, which will serve
alongside (and as an expansion of) the
conventional cable network that links
the three offices now.

One of the problems in developing the
technology of light-wave communica-
tion was that the glass had to be made
transparent enough to carry a strong sig-
nal over a considerable distance with-
out the need of repeaters to regenerate
the pulses. The technology has now ad-
vanced to the point where the fibers can
maintain an adequate signal for several
miles. Since most central offices are clos-
er together than that, glass-fiber cables
can serve them without repeaters. Al-
though the first standard light-wave in-
stallations will serve central offices, the
Bell System plans to expand the con-
cept to include short-haul and long-haul
trunk lines and submarine cables.

From Reckoning to Writing

hat gave rise to writing on clay

tablets, the earliest writing
known? A leading hypothesis is that
both the form and the meaning of the
characters on the tablets evolved from
special counters, or “tokens,” used in
keepingrecordsin the ancient Near East
(see “The Earliest Precursor of Writ-
ing,” by Denise Schmandt-Besserat; Sci-
ENTIFIC AMERICAN, June, 1978). The hy-
pothesis has now been strengthened by
the clarification of another puzzle relat-
ed to the origin of writing. The puzzle
had its beginnings at the turn of the cen-
tury with the discovery at Susa, an an-
cient proto-Elamite city site in south-
western Iran, of what remain the ear-
liest inscribed clay tablets known. The
tablets bear various kinds of crude im-
pressions that are neither pictographs
nor writing such as cuneiform. Work at
Uruk, a nearby Sumerian city site, in
the 1930’s uncovered similar impressed
tablets. Their discoverer, the German
archaeologist Julius Jordan, interpreted
the impressions as being numerical no-
tations. Since then such impressed tab-
lets have been unearthed at seven oth-
er sites in Iran, Iraq and Syria; 183 of
them, complete or fragmentary, are now
known.

Recently Joran Friberg of the Univer-
sity of Go6teborg, who has been study-
ing early Sumerian and proto-Elamite
mathematics, found that both of these
peoples had different systems for enu-
merating different categories of com-
modities. One system was used to keep
track of grain, another to deal with live-
stock and a third to enumerate land-
holdings. Friberg’s discovery of this
three-way division of quantitative sys-
tems was immediately suggestive to
Denise Schmandt-Besserat of the Uni-
versity of Texas at Austin.

A student of prehistoric and early his-
toric clay artifacts in Southwest Asia,
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Schmandt-Besserat had just begun to
analyze the repertory of impressions ap-
pearing on the early tablets. She did so
because of their similarity to certain Su-
merian efforts to reproduce, by impress-
ing and inscribing, the distinctive three-
dimensional shapes of the tokens then
widely used for record keeping. She
found that the impressed tablets includ-
ed 18 different kinds of signs that resem-
ble seven categories of three-dimension-
al tokens. For example, she equated
deep circular punch marks with spher-
ical tokens. Larger, shallower punch
marks she equated with disk-shaped to-
kens, long wedge-shaped marks with cy-
lindrical tokens and short wedge-shaped
marks with cone-shaped tokens.

The commonest impressions are those
equated with cones and spheres. Deep
circular punches (spheres) appear on 88
tablets and short wedges (cones) appear
on 69. Next most frequent are long
wedges (cylinders) and broad shallow
punches (disks); they respectively ap-
pear on 30 and 15 tablets. Less frequent
are impressions equated with such to-
kens as triangles, ovoids and cones at-
tached vertex to vertex.

Proposing a five-step series for Fri-
berg’s barley measures, symbolized by
the successive punch signs for a triangle,
a small cone, a sphere, a large sphere
and a large cone, Schmandt-Besserat
has assigned to the second punch sign
the Sumerian unit (a ban) equivalent to
six liters and to the third punch sign the
Sumerian unit (a barriga) equivalent to
36 liters. Thisenables her to offer aread-
ing for an impressed tablet from Tepe
Sialk, a site in Iran, that shows one row
of six sphere signs above a second row
of three small-cone signs. Schmandt-
Besserat’s reading is ‘“six barrigas and
three bans [234 liters] of barley.”

Schmandt-Besserat has further pro-
posed a three-step series for Friberg’s
livestock counts, symbolized by the suc-
cessive punch signs for a cylinder (with
the value of 1), a disk (with the value of
10) and a pair of cones attached vertex
to vertex (with the value of 100). On this
basis she offers a reading for one im-
pressed tablet from Susa (“21 sheep”)
and for another (“four sheep”). Finally,
with respect to a five-step series pro-
posed for land measurements she reads
a fragmentary tablet from the Iranian
site of Tall-i-Ghazir as “10 burs and
four ikus [648,072 square meters].”

At a recent meeting of the Archaeo-
logical Institute of America, Schmandt-
Besserat suggested that the impressed
tablets are further evidence of the shift
from reckoning to writing in the fourth
millennium B.c. This, she pointed out, is
in agreement with the evolutionary se-
quence leading to literacy proposed by
Jordan on the basis of the stratigraphic
sequence at Uruk: first, impressed tab-
lets; second, incised pictographs; third, a
shift to phonetic values, and last, the ac-
quisition of full syntax.



George Wendt,
rapids-shgoting philatelist.

George Wendt, white water
expedition guide, has found some-
thing exciting to do on dry land.
He collects stamps.

George finds that collecting
U.S. Commemoratives lets him
explore the thrilling panorama of
America. He discovers new places
and things, meets fascinating
people and relives exciting events
in our history.

You can start the adventure
of stamp collecting with U.S.
Commemoratives. It’s easy and
affordable. Every few weeks,

there are new, beautifully
designed issues at your local Post
Office. You’ll also find an infor-
mative, colorful guidebook
called Stamps & Stories to help
you get your feet wet. And the
new 1980 Olympic Stamps
are an exciting place to begin.
“Collecting U.S. Commemora- ™%
tives is a special kind of thrill,” says =
George. “Andit’sone adventure I =
can share with my family.” ]

U.S. Postal Service %

©1980 U.S. Postal Service

by i i A DA S A P b A
Olympic Winter Events (Available now.)

Start the adventure of stamp collecting with U.S.Commemoratives.
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PROLOGUE: In 1978. Polaroid revolutionized photo-
graphic technology (again) by introducing ultrasonic auto-
matic focusing. At the touch of a button. the Polaroid
SX-70 Sonar Land camera sends an ultrasonic pulse
toward the subject, receives the pulse echo. times
the round trip. converts time to distance. and automat-
ically spins the lens to a precise setting. The entire
process takes only 0.06 second for a subject 5 away.

It is a performance that caused a highly respected
product testing organization to state that our system
“calculated distance to subject with uncanny precision.”

Our rangefinder represents a vast improvement over
conventional sonar devices in terms of size as well as
measuring precision. (We have miniaturized the bulky
sonar system until it tucks neatly into our camera.)

Briefly, the Polaroid ultrasonic rangefinder operates as
follows: At the touch of a button, a 420 KHz quartz crys-
tal clock is activated. It generates a 4-frequency chirp of
1 millisecond duration, feeds it to a transmitter which
amplifies it and broadcasts it through a highly sophisti-
cated transducer. After waiting 0.6 milliseconds for the
transducer’s diaphragm to damp down. the receiver
starts to listen for the echo. (The echo will return from
an object as sound-absorbing as foam rubber, and as
small as a flower stem.) To compensate for echo decay
over longer distances, receiver sensitivity is enhanced by
ramp gain and a Q filter. Echo travel time is monitored
by the clock and converted to distance by a calculator.

THE STORY: There are many companies working to
solve problems involving object detection, measure-
ment. or range-finding. (Maybe yours is one of them.)

We have decided to sell Polaroid ultrasonic range-
finding_transducers to those companies that can use
them for non-camera applications.

©1980 Polaroid Corporation “Polaroid” and “SX-70"®

In order to help companies decide whether they can
use our transducer invention, we've put the appropriate
hardware into an experimenting kit for design engineers
and product designers. As a result of sending out a
number of sample Kits. the following projects are now
well under way:

A “seeing eye” cane for the blind. An electronic

“dipstick” for sensing liquid levels in storage tanks. A pre-

cision landing device for helicopters that have to set
down on wave-tossed oil-drilling ships. There are many
other examples, but by now you have grasped the fas-
cinating potential.

The material in our Ultrasonic Ranging Designer’s Kit
will permit you to detect and measure the presence and
distance of objects within a range of 0.9" to 35.” The
transducer updates measurements 5 times per second
and displays results on a digital readout screen. The kit
contains a technical manual, 2 instrument grade
Polaroid electrostatic transducers, a modified Polaroid
ultrasonic circuit board, a Polaroid circular polarizer, 2
Polaroid Polapulse 6-volt batteries, a battery holder, and
assorted wires and connectors.

If you would like to find out what our transducer in-
vention can do for you. send $125* by check or money
order for each kit to: Polaroid Corporation, Ultrasonic
Ranging Marketing. 20 Ames Street. Cambridge. MA
02139.Then you can write your own EPILOGUE.

Jurmvenbons
can be yourcomponents.

FOLAROID
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time, to reduce harrnful ex-

hapst gas emissions. And these
objectives seem to be mutually
exclusive.

An engine whose carbu-
retor and spark timing are

; I I. l' ' g r 4
1gh arnaunt offuel at
oty the nght moment. But

what is ‘nght” depends on a

whole complex of constantly
changing factors, including

terrain, engine and air tempera-

ture, barometric pressure, and
the load and speed of the car.
It would take a genius to
juggle all those factors.
Fortunately, Motorola has been
working on the problem for
some time, and has in fact

© 1980 SCIENTIFIC AMERICAN, INC

It's an electronic engine-man-
agement system, controlled by
a microcomputer that thinks
like a first-rate automobile
mechanic. It lives inside the car,
and because it can make a mil-
lion calculations each second, it
can automatically regulate car-
buretion, spark timing, and
the recirculation of exhaust
gases through the engine. It
makes all these adjustments
continuously, so you get as
much performance with as Iittle
pollution as possible, whatever
the driving conditions are at
that particular moment.

It's a real computer in




the ability to manipulate what it
learns in terms of what it al-
ready knows. It works so well
that car and heavy-duty-equip-
ment manufacturers in
America and Europe plan to
use it, some as early as the
1980 model year.

IMPOSSIBLE WITHOUT
ELECTRONICS.

Such precise, continuous en-
gine management would be 1m-
possible without the integrated
circuit, an electronic micro-
cosm that contains the equiva-
lent of twelve thousand
transistors and measures about
5mim square. These small
miracles are the central nervous
system of Motorola's electronic
engine-management system,

miniature, with a memory and | and they're a remarkable but

notunique Ve 0 longer m

demonstration - [T setshereatall. _

of the Kinds of ~ (HRIIM (IR We make microelectronics

things Motorola L_ i carry telephone services o

s dong with  (CSuaDf places where there are no

microelectron- A mepocamputer phone lines. Transmit electro-

ics today. il cardiograms and voice mes-

sages simultaneously from the

IMAGINATIVE scene of an accident to a near-
ELECTRONICS. by hospital. Help the energy in-

dustries develop the resources
of the earth, the sea and the sun.

And we help make auto-
mobile engines think about how
they use precious fuel.

Motorola is not only one of the
world’s largest manufacturers
dedicated exclusively to
electronics, but also one of its
foremost designers of custom
and standard semi-
conductors.

We've come a long
way from the time when
we put radios into cars
fifty years ago, and TV sets
into America’s living rooms.
Now we make hundreds of

@ MOTOROLA
Making electronics history
since 1928. -

For turther information, write Public Affairs Office,
Corporate Offices, Motorola, Inc., 1303 £
Algonquin Road. Schaumburg. lllinois 60196.

Motorola and & are registered tradermnarks of
Matorola, Inc.
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Diseases Caused by Impaired
Communication among Cells

The activities of the cells of the body are integrated by mediator

substances that interact with specific receptors. It appears that

many diseases are attributable to errors in such communication

and intellectually satisfying when

the mechanism underlying a mys-
tifying disease or group of diseases is
revealed. Recently it has become ap-
parent that a number of human diseas-
es, among them such diverse disorders
as cholera, hyperthyroidism, myasthe-
nia gravis and certain types of diabe-
tes, arise from a common mechanism:
faulty communication among cells. The
recognition of this mechanism has led to
the formulation of important new con-
cepts about a system involved in the
self-government of the body. The prin-
cipal components of this system are
chemical signals, called mediators, and
the cellular structures with which they
interact, called receptors.

Cells communicate with one another
by releasing mediators that travel vari-
ous distances, sometimes only to an ad-
jacent cell and at other times through
long journeys in the bloodstream to oth-
er parts of the body. The messages are
picked up by the receptors, which relay
the information to structures within the
cell where the incoming signal triggers a
biochemical response.

When the mediators are steroid hor-
mones, the information they carry trav-
els in most instances directly to the nu-
cleus of a cell in the target tissue, where
interaction with the genetic material of
the cell gives rise to the synthesis of new
proteins. This process of interaction and
synthesis takes a certain amount of time.
When the mediators are peptide hor-
mones or catecholamines, the informa-
tion they carry leads to the modification
of previously assembled proteins stored
in the cytoplasm of the target cell. This
process does not take much time and
the biological response can be quick. In
many such systems the relay signal is
cyclic adenosine monophosphate (cyclic
AMP), which is produced when two
of three phosphate groups are cleaved
from its ubiquitous precursor, adeno-
sine triphosphate (ATP), by the enzyme
adenylate cyclase. The free end of the

In medicine it is both clinically useful
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by Edward Rubenstein

remaining phosphate group combines
with carbon atom No. 3 in the ribose
(five-carbonsugar) of the ATP to form a
ring, hence the term cyclic. The concen-
tration of cyclic AMP is increased by
the level of adenylate cyclase and de-
creased by the level of the enzyme phos-
phodiesterase.

The diverse effects of cyclic AMP are
attributed to its ability to convert cer-
tain inert proteins into functioning ones
known as kinases. The kinases modulate
the metabolism of the cell. They switch
systems on or off by activating or deacti-
vating enzymes through the process of
phosphorylation. For the discovery of
cyclic AMP and the elucidation of its
central role in the metabolism of cells
the Nobel prize in medicine was award-
ed in 1971 to Earl W. Sutherland, Jr.,
of the Vanderbilt University School of
Medicine.

More recent studies have indicated
that receptors on the cell’s outer mem-
brane communicate with adenylate cy-
clase through an intermediary protein
binding guanosine triphosphate (GTP).
This protein not only activates the cy-
clase but also may diminish the affin-
ity of the receptor for the mediator.
Such a mechanism would partly explain
the fact that high levels of mediators
tend to reduce the response of their re-
ceptors. For example, the administra-
tion of certain adrenergic drugs to pa-
tients with asthma reduces the number
of adrenergic receptors on their white
blood cells. Insulin has a similar dimin-
ishing effect on its receptor, whereas
estrogen increases the number of re-
ceptors for progesterone and thyroid
hormone increases the number of beta-
adrenergic receptors in some tissues.

The initial mediator is sometimes
called a first messenger and cyclic AMP
and other relay substances, which shut-
tle from the vicinity of the receptor to
other sites in the cell, are called second
messengers. The terminology is some-
what misleading, because most first
messengers are not initiators in the strict
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sense. They are released in response to
prior orders, many of which originate in
the central nervous system as a conse-
quence of processes ranging from the
perception of a sensory stimulus to the
dawning of an idea. The concept is a
major extension of the field of neuro-
endocrinology, with some unexpected
twists.

Mediators, Receptors and Membranes

The mediators are molecules ranging
in size and complexity from amino acids
(consisting of from 10 to 27 atoms) to
insulin (consisting of some 925 atoms).
The receptors are huge aggregates of
many molecules, arranged in an assem-
bly that gives each kind of receptor a
unique structure. In general hydrophil-
ic (water-soluble) chemical mediators
cannot diffuse across the cell membrane
to enter the interior of the cell; their
receptors are on the cell surface. Hydro-
phobic (fat-soluble) compounds seem to
diffuse across the cell membrane; their
receptors are inside the cell.

One therefore sees that the cell mem-
brane is an important component in the
system of communication among cells.
The membrane consists of a double lay-
er of phospholipid molecules, arranged
so that water-soluble groups point out-
ward toward the exterior and interior of
the cell and fatty-acid chains point in-
ward from the water-soluble groups.
Interspersed among the phospholipid
molecules are flat, rigid molecules of
cholesterol, which are aligned with the
fatty-acid chains.

Assemblages of protein molecules,
many of which are thought to be recep-
tors, float in or are attached to the mem-
brane. Some of them extend across the
thickness of the membrane; others are
on the inner or outer surface. A few
of the latter proteins are probably gat-
ed conduits through which fat-insoluble
substances gain entrance to the interior
of the cell. Fat-soluble compounds, such
as androgens, estrogens, corticosteroid



A CELL-COMMUNICATION MECHANISM is evident in these
electron micrographs made by Richard G. W. Anderson, Joseph L.
Goldstein and Michael S. Brown of the University of Texas Health
Science Center at Dallas. The upper micrograph shows a pit in the
membrane of a human fibroblast, a cell of the connective tissue. The
pit is lined with receptors for low-density lipoprotein, a large mole-
cule that is manufactured in the liver and circulates in the blood car-
rying cholesterol, which cells need to maintain the structure of their
membranes. The black spots above the surface of the pit are parti-

cles of low-density lipoprotein bound to the protein ferritin, which is
dense in electrons and so enhances the visibility of the particles in the
micrograph. The lower picture shows such a pit closed over the parti-
cles, forming a vesicle that is delivered to the interior of the cell, where
the cholesterol is put to use. A failure of this mechanism is responsible
for familial hypercholesterolemia, an inherited disorder in which cell
membranes do not have enough receptors for low-density lipopro-
tein. The victim therefore suffers the pathological effects of excess
cholesterol in the blood. The enlargement is about 227,000 diameters.
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hormones and fat-soluble vitamins, are
believed to diffuse across the fatty mem-
brane of the cell and to encounter their
specific receptors in the cytoplasm. The
receptor for thyroid hormone is proba-
bly in the cell nucleus.

Water-soluble compounds, such as
the protein hormone insulin, cannot pas-
sively cross the hydrophobic barrier,
and therefore their receptors are situat-

' MEDIATORS

L

CELL
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CELL COMMUNICATION of a normal type (top) and of an abnor-
mal one in cholera (bottom) is depicted schematically for a cell of the
small intestine. In normal communication a receptor, which is situ-
ated in the membrane of the cell, encounters many kinds of media-
tors, or cell-communication substances, flowing past it in the blood-
stream. It responds only to a specific mediator released when food is
delivered to the small intestine from the stomach. The interaction of
the mediator and the receptor activates a relay system consisting of
hate (cAMP), which is manufactured in
the cell from adenosme tnphosphate (ATP). The cyclic AMP in turn

|_

cyclic adenosine m

ECE PTOR / MEMBRANE

ed in the cell membrane. Recent studies
have shown that the membrane-bound
receptors for insulin and other hor-
mones enter the cell after they have
combined with their mediators and then
move in a nonrandom manner to target
locations, such as the membrane of the
cell nucleus, where they probably exert
long-term effects by regulating the ex-
pression of genes. Perhaps such effects
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are initiated by the receptor rather than
by the mediator, which may serve only
to activate the receptor and to trigger its
movement from the cell membrane to a
particular site within the cell.

The interaction between the mediator
molecule and its receptor is highly spe-
cific. It results from the fact that active
regions on each of them have comple-
mentary contours and distributions of

3

activates an enzyme that causes the cell to discharge into the intesti-
nal canal an alkaline fluid that enhances the activity of the digestive
enzymes. Later the digestive tract reabsorbs the fluid. In cholera the
normal mediator is mimicked by a toxin released by the cholera bacil-
lus. When the toxin binds to the receptor, the cyclic-:AMP system
is overstimulated, causing the cell to release large amounts of fluid
into the intestinal canal. When many such cells are overstimulated,
far more fluid is produced than the digestive tract can reabsorb. A
person suffering from the disease therefore loses large amounts of
fluid through vomiting and diarrhea, often with fatal consequences.

ATP CYCLIC AMP AMP
7 i
0—P—0-CH, o ADENINE 0 /O—CHZ o. ADENINE O—P—0—CH, o ADENINE
(IJ H H ADENYLATE CYCLASE /P H H PHOSPHOD'ESTERASE o} H H
0-P=0 H H 0 \ H H H
0 B ° ] R R
0—p=0
0

CYCLIC AMP is formed and degraded as is shown here. Its precur-
sor, adenosine triphosphate (47P), loses two of its three phosphate
groups (P) through cleavage by the enzyme adenylate cyclase. The
free end of the remaining phosphate group combines with a carbon
atom in a cyclic, or ring, configuration. Cyclic AMP is inactivated by
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the enzyme phosphodiesterase, which opens the ring and converts the
cyclic AMP into an inert form of AMP. Cyclic AMP is in many in-
stances the “second messenger” that responds within a cell to a me-
diator, such as a hormone, that has arrived from another cell. The
mediator molecules bind to specific receptors in the cell membrane.



Why this one-of-a-kind invention

didn't end up as
the only one of its kind.

Every new invention needs
another new invention —the one that
can mass-produce it at an affordable
cost.

For example, Bell Labs invented
a process for making the glass rods
from which hair-thin fibers used in
lightwave communications can be
drawn. The fibers have far greater
capacity than conventional copper
wires, so they’ll help keep costs
down. In fact, they’ve been carrying
voice, data, and video signals under
city streets for about two years in a
Bell System demonstration.

But standard lightwave systems
will require miles of the fiber, pro-
duced at low cost and to specifications
nothing short of microscopic.

That’s where Western Electric’s
Engineering Research Center
comes in.

A Unique Center

The Center is devoted exclu-
sively to manufacturing research.
Here, a highly trained team of
scientists and engineers probe funda-
mental questions about materials
and processes. They provide Western
Electric factories with pre-tested,

proven ways to manufacture products
based on the latest technology
coming out of the laboratory.

For example, while Bell Labs
scientists were inventing new glass
fibers, Western Electric engineers
and scientists were tackling the manu-
facturing problems involved.

The fibers had to be drawn from
molten glass at high speeds, with
less than a 1% deviation in diameter.

Buthowdo you control a “thread”
of glass being spun at rates up to
15 feet per second?

Scientists and engineers at the
Center discovered that laser light
beamed onto the fiber cast a
characteristic pattern.

By correlating the pattern to the
fiber’s diameter, they were able to
build a monitoring system into the
fiber drawing machinery. It
measures the fiber 1000 times per
second, automatically adjusting
production to keep the diameter
constant.

The system works so well that
in all the miles of fiber produced by
Western Electric, the diameter varies
by }rllo more than 30-millionths of an
inch.

The Key to the Future

In the Bell System, technology
is the key to keeping costs down. It
is the key to constantly improving
your phone service.

And Western Electric’s Engi-
neering Research Center is an essen-
tial link between the ideas of the
laboratory and the realities of the
factory.

Soyour Bell Telephone Company
can make the best one-of-a-kind
inventions a part of your phone
service.

Keeping your communications

system the best in the
world.

Western Electric
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CELL MEMBRANE is a key component of the system of communication among cells. Be-
cause of its structure water-soluble and fat-soluble mediators enter the cell in different ways.
The membrane consists of a double layer of phospholipid molecules, arranged so that their
water-soluble groups (colored spheres) point both outward and inward and their chains of fatty
acids point inward. Also interspersed among the phospholipid molecules are flat, rigid mole-
cules of cholesterol, shown here as pentagonal structures to the right of the fatty-acid chains.

PROTEINS IN THE CELL MEMBRANE include structures that are thought to be receptors.
Some of the proteins, called integral proteins, go entirely through the membrane; others, called
peripheral proteins, are on the inner or outer surface of the membrane and are bound to inte-
gral proteins. Some of the proteins probably form conduits through which fat-insoluble medi-
ators enter the cell. Fat-soluble mediators probably diffuse across the cell’s fatty envelope.
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electric charge, enabling the mediator to
come into such close contact with the
receptor that the two are chemically
bonded. The interaction gives rise to a
sequence of biochemical reactions that
produce a biological effect.

Under normal circumstances the re-
ceptor interacts only with the appropri-
ate mediator. Hundreds of other kinds
of chemical compounds may come in
contact with the receptor, but they
bounce off and nothing further happens.
The high degree of specificity between
the mediator and the receptor is demon-
strated by the hormones oxytocin and
vasopressin. Each is a simple peptide
compound consisting of nine amino ac-
ids; they differ from each other only in
the amino acid units at the third and the
eighth position. The hormones are al-
most identical in size, shape and the dis-
tribution of electric charge on their sur-
face, but the subtle distinctions between
them account for the fact that they have
entirely different biological effects. Oxy-
tocin activates receptors in the smooth-
muscle cells of the wall of the uterus,
initiating the contraction of the uterus in
labor. Vasopressin activates receptors in
epithelial cells that line the collecting
tubules of the kidney, causing the tu-
bules to become more permeable and
thereby allowing the kidney to reabsorb
large amounts of water. (The result is a
reduction in the volume of urine.) Vaso-
pressin does not act on the uterus and
oxytocin does not act on the kidney.

Although that specificity is exceeding-
ly high, it is not complete. A receptor
may on occasion react with an inappro-
priate compound if the electron clouds
of the compound resemble those on the
active region of the proper mediator
molecule. The receptor then responds to
the wrong signal. An example is the ac-
tion of the drug carbachol on synapses
in the autonomic nervous system, which
controls such largely involuntary func-
tions as blood pressure and contractions
of the intestine.

Where two neurons, or nerve cells,
meet at a synapse they are separated by
a space filled with fluid. At the termi-
nal of the presynaptic neuron are mem-
brane-enclosed vesicles that contain the
neurotransmitter acetylcholine. When a
nerve impulse reaches the nerve ending,
the molecules of acetylcholine are re-
leased in a burst; they diffuse across the
narrow gap between the cells and plug
into the socketlike cavities of the acetyl-
choline receptors that cover the surface
of the postsynaptic membrane.

The drug carbachol is similar enough
to acetylcholine to substitute for it and
S0 to act as a synthetic neurotransmitter.
The receptor responds to a false signal,
which in this instance is a compound
employed as a drug. In other instances
faulty communication is the result of a
physiological defect involving either the
mediator or the receptor.

These comparatively simple new con-



Even the most discriminat-
ing buyers will find good
cause to choose the Lincoln
Continental for 1980.

This is the first totally
new Lincoln in a decade, a
fine car that is appropriate
to today’s driving needs.

With the help of com-
puters and finite element
modeling techniques, our
engineers were able to re-

Lincoln offers as standard equip-
ment an automatic overdrive
transmission that is the first of its
kind to be made in America. It
improves highway mileage by
reducing engine speed in relation
to road speed.

LINCOLN CONTINENTAL:
QUITE POSSIBLY THE MOST INTELLIGENT CHOICE AMONG
ALL THE FINE CARS AVAILABLE TODAY.

compartment of 22-cubic-
foot capacity.

EPA Estimated miles per
gallon has increased a
dramatic 41% over last year.*
In fact, Lincoln Continental
gives you better mileage
ratings than any gasoline-
engine Cadillac.

Lincoln offers a new au-
tomatic overdrive transmis-
sion, the first of its kind to
be made in America.

It provides fully
automatic gear-
changing, of
course—but at high-

way speed, it reduces
- engine revolutions
«. _ byabout 33%.

4 An electronic engine
. management system

5 uses an on-board com-

 puter to regulate engine

timing, fuel injection and
other vital engine functions.
The computer operates con-
tinuously while the engine is
running and can make 1200

the engine more accurately
than a conventional car-
buretor.

These and other sophisti-
cated engineering details put

move excess bulk and
weight and to make it four-
teen inches shorter than its
predecessor—and at the
same time to preserve all the
Lincoln virtues: the classic
styling; the sumptuous ride;
ample room for six adults;
and a deep-well luggage

*Improvement in EPA and

41% Highway fuel efﬁcnency

ratings over 1979.

**EPA EST.
EST 24 HwY
MPG MPG

*Based on comparison of
standard engines.

**Compare this estimate to the
estimated MPG of other cars.
You may get different mileage
depending on speed, weather
conditions and trip length.
Actual highway mileage will
probably be less than the
estimated highway fuel
economy. California estimates
and percentages are different.

1. Front headroom 39.0”
2. Frontlegroom 42.1"

3. Frontshoulderroom 60.7"
4. Front hiproom 56.5"

Because true efficiency should deliver comfortable miles
per gallon, Lincoln’s six-passenger interior is even roomier
than last year.

5. Rear headroom 38.0”
6. Rear legroom 43.3"
7. Rear shoulder room 60 (78
8. Rear hiproom 7:88

decisions each second.
Your Lincoln is designed to
help you use as little fuel as
is consistent with the way
you are driving at every
moment.

Electronic fuel injection
meters fuel uniformly into

the Lincoln Continental
miles ahead of last year’s
model in fuel efficiency. Its
uncompromised luxury is a
subjective pleasure which
we invite you to experience
yourself.

LINCOLN CONTINENTAL
LINCOLN-MERCURY DIVISION @
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The damond solitaire

Arare gt

A one carat diamond. Set simply and elegantly.

To sparkle on its own. Of lasting value.,
_because diamonds of about one carat and up are rare.
(The one shown here is worth about $4,950.)

The diamond solitaire.

It is the gift that makes a rare and beautiful
moment last a lifetime.

A diamond is forever.

The one carat diamond shown 1s enlarged for detail.
Prices may change substantially due to differences in diamond quality and market conditions. De Beers.
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cepts of cell physiology are revolution-
izing concepts of many common disease
processes. An example is cholera, one
of mankind’s worst scourges. Although
cholera has for years been known to be
caused by the ingestion of large num-
bers of the bacillus Vibrio cholerae, the
disease itself is not an infection. The mi-
croorganism does not invade the tissues;
it merely colonizes the intestinal canal
for a few days. It cannot penetrate or
burrow between the cells that line the
gut, it is incapable of gaining access to
the lymph channels and it does not enter
the bloodstream. There is no microscop-
ic evidence that it damages any tissue.
The entire disease process, which kills
half of its untreated victims, is the result
of the fact that cells in the intestine re-
spond to a chemical substance released
by the bacteria as if it were a normal
regulatory signal.

Error in Cholera

The principal functions of the small
intestine are the digestion and absorp-
tion of food. These processes are carried
out by the degradation of proteins, car-
bohydrates and fats by specific enzymes
secreted in the small intestine and the
pancreas. The enzymes work best in an
alkaline fluid. Hence when food is deliv-
ered from the stomach to the small in-
testine, a chemical signal (of uncertain
origin) interacts with receptors on the
cells of the small intestine and stimu-
lates an adenylate cyclase system that
leads to the pumping of about two liters
of alkaline fluid into the intestinal canal.
The fluid provides a medium for the di-
gestion of food and then is reabsorbed
farther along in the small intestine and
in the colon.

The work of many investigators has
led to the current recognition that a dys-
function of receptors is the key to chol-
era. W. E. van Heyningen and his col-
leagues at the University of Oxford and
the Johns Hopkins University School of
Medicine demonstrated that the toxin
produced by cholera bacteria binds to
receptor sites on cells lining the small
intestine. Two groups at the Harvard
Medical School (Daniel V. Kimberg,
Michael Field and their associates and
Geoffrey W. Sharp and Sixtus Hynie)
established that the toxin of cholera
bacteria causes the secretion of fluid by
the small intestine by increasing the ac-
tivity of adenylate cyclase in cells of
the intestinal mucosa.

The molecule of the cholera toxin
consists of two subunits. One binds with
a patch on the surface of the receptor.
The other, which is held in place by the
first, stimulates the adenylate cyclase
system into such overactivity that the
cells pump from 20 to 30 liters of water
into the small intestine. Because fluid
cannot be reabsorbed at that rate mas-
sive amounts of it are lost through vom-
iting and diarrhea. These huge losses

MOVEMENT OF MEDIATOR, in this case insulin, is shown in these electron micrographs
of cultured human lymphocytes, or lymph cells. The cells were incubated with radioactively la-
beled insulin and then autoradiographs were made; the insulin appears as black spots of irregu-
lar shape. In the upper micrograph, made after 30 seconds, all the insulin is around the perime-
ter of the cell. In the lower micrograph, made after 30 minutes, the insulin has penetrated the
cell and some of it appears to be inside the nucleus. Presumably the insulin was bound to recep-
tors that are specific for it and that cause it to be moved inside the cell. Micrographs, enlarged
13,300 diameters, were made by I. D. Goldfine of the University of California at San Francisco.
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A SUN COMPANY

North American E

550 thousand nel acres
2 discovery welis

The nation is witnessing a
structural change in the eco-
nomics of energy. There
is an intense need to de-
velop more domestic
energy than ever
before.

Sun’s primary
response to this
challenge will
be to increase
capital spend-
ing in the
energy areas,
and to devel-
op more
energy on the
North Ameri-
can continent.

Eantern Coal Mines

HCI‘(‘ e Bt / , 3 : Proven and probabie "!)Ir‘rn! ;
200 miflion tons
Theodore Tt omue /

—Ll
Ol Sands =

Undeveloped lsases — 164 ihousand nel acres
Developed leases — 5 thousand net scres

-

-

-
—

ot gy Heavy 0il Proparties
* | Cold Lake — 4 thousand net scres
Ligydminstar — 10 thoussnd net scres

Western Provincea = Undevaioped
525 thousand net scres

[

Western Coal Mine {
Prowven and probabile reserves Baltimore
_500 million fons 17 tracia

\ 3 discoveries — Blocks 558 A 642
White River @ . 5 : ]

Is Pr ] ¥
SAMS Pradnct .S, Onshore "

Undeveloped: 37 million nel acres -

A. Burtis, Sun s

Chairman and | S N
Chief Executive Officer, SN
discusses some of Sun’s Gult Cosst \
activities and opportunities. R s prian

N\ Georpin

Sun and other oil companies . )
have been earning record provided the economic incentive to You’re staying with the
proﬁts. How does Sun plan to improve production on these properties. Baltimore Canyon?

) . ? But it now appears that the “windfall Yes. we are optimistic about our
use the additional income? profits tax” will reduce that incentive es, we are optimistic about

For the next thre.e years, Sun and prevent us from maximizing Eglcimeg:tt?cfrrrfe' gzh %illrlligisgro‘; ?zaieWhOIC
Company plans‘a. gapltal program production from these existing fields. bonul;s)e s and 20 exploration wells there
(mcluc.ilr)g acquisitions) averaging Nonetheless, current drilling and Sun. fortunatel lFas an interest in
312 b'l“'lon sy Tog ether with development activities have been each oof the threyé discoveries to date
3L L billion . 1979, chis nearly 3 stepped up substantially. We have a 16 percent interest in Block
doubles Sun's average yearly -Caé) teal Drilling activity is also up sharply 598, where thg first discovery was made
spendmgyfor the 1976-78 period. to enhance natural gas production. in 1978. We recently ac uir(?c’i 20

Sun’s major focus in 1980 through Onshore areas will receive major t of Block 6 45 ( dq ol th of
1982 will be on North American energy | emphasis, including our expanding Egrg)en o D C})1Cth I\ 1recb y sotu o
development, with appr9x1mately program in Western “tight” gas sands. di on w lC“ Af.lrlethave elelnhwo
60 percent — $730 million per year — Overall, Sun plans to drill a yearly ISFOVETy we 1S, ree wells bave

indicated natural gas potential. A
fourth well is being drilled to further
delineate the structure.

What about onshore?

allocated for oil and natural gas, oil sands, | average of some 500 net development
coal, and alternate energy development. | wells during 1980-82. This represents a

Are higher prices stimulating 25 percent increase over 1979 activity.

an increase in development of What is the status of Sun’s In 1979, Sun participated in 16
’ . . . . y
Sun’s oil and gas p;'oducmg domestic offshore e?xploratlon successful wells in 68 exploratory
properties. activities. completions in the United States.
Yes. Relative to other long-time Sun is active in all the prospective Of particular interest are recent
Froducers, Sun has a large volume of areas, including the Baltimore Canyon, | discoveries in the Williston Basin of
ower tier production — from oil fields Georgia Embayment and the Santa Northeastern Montana. Currently, we
developed before 1973. Decontrol Barbara Channel. have 650,000 net acres in the Basin.
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’ROGRESS REPORT:

1ergy Development

In addition, Sun has 200,000 net
acres in the Rocky Mountain

Overthrust Belt.

What’s the outlook for
Sun in Canada?
Two related events in Canada in

1979 have greatly enhanced Sun’s
position in Nortrx American energy
development. The first, in April, was
the attainment of world prices for
synthetic crude in connection with
previously announced plans to expand
oil sands capacity.

The second event was the
amalgamation of Great Canadian Qil
Sands Limited with Sun Oil Company
Limited, consummated in August. The
product of this amalgamation is our
new subsidiary, Suncor Inc.

How big is Suncor?

Suncor Inc. is the fifth largest
integrated oil company in Canada.

It has a broad and extensive land
position in all the prospective areas,
and sufficient cash flow generated by
existing operations to fund aggressive
exploration and development of its
acreage.

Exploration and production
spending in Canada over the 1980-82
period will exceed $340 million
(Canadian). This sum includes
exploration and production in the
Western Provinces, exploration in the
frontier areas, and further investment
in heavy oil development.

Work is also in progress on a
$185 million (Canadian) project to
expand oil sands capacity by 13,000
barrels per day.

Suncor is involved in all the major
petroleum developments occurring in
Canada. This was one important reason
for the amalgamation — to bring
together a company with a balance of
near-term and long-range potential.

What is Sun’s position in

coal today?

We're very active in coal, and
intend to be an aggressive competitor
in both the Western and Eastern coal
markets.

Sun’s Cordero Mine near Gillette,
Wyoming, is one of the country’s
largest mines, with proven and
probable reserves ofpover 500 million
tons. We have entered the first phase of
a program to double the mine capacity.
A coal storage barn under construction

will allow the mine to load its fully
permitted capacity of 24 million tons
a year.

Recently, Sun acquired Elk River
Resources, an Eastern coal company,
for $300 million in Sun common stock.
In 1979, Elk River’s mining and coking
operations in Kentucky, West Virginia
and Virginia produced 4 million tons of
coal and 470,000 tons of coke. The Elk
River acquisition gives Sun an
additional 200 million tons of proven
and probable reserves of Eastern coal.

The combination of Sun’s output
from Cordero and Elk River operations
is expected to be 11 million tons per
year in 1980 and 14-15 million
tons by 1982.

What will this increased
spending mean in terms of
Sun’s production?

Our North American energy
output on a BTU equivalent basis will
increase by approximately 20 percent
between now and the end of 1982. We
intend to moderate the decline of our
oil and gas production in the early
1980’s. Sun’s increases in synthetic
crude and coal production will more
than offset our declines in oil and gas
on a BTU equivalent basis.

Do you see any growth
opportunities downstream?

In the area of terminalling, we see
major growth. Sun plans to invest
about $50 million per year to expand
existing terminalling business over the
next three years.

At this time, 13 percent of
all crude oil brought into the U.S.
comes over Sun’s Gulf Coast docks.
Throughput has increased strongly over
the past three years, as has profitability.
Today 95 percent of our terminalling
business is for third parties.

What about financial
resources’

In the uncertain environment of
the 1980’s, Sun’s strong balance sheet
will provide adequate access to
financial resources. As a percent of
total capitalization, we have a current
long-term debt of only 18 percent.
Consequently, we will be able to invest
well in excess of $1.2 billion per year
to capitalize on additional energy
devellszment opportunities, depending
on whether the government provides a
favorable climate.
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What about future dividends?

Sun’s management recognizes its
responsibility to adequately reward
shareholders with a competitive
dividend payout. To help ensure “fair
valuation” of Sun’s stock, we feel that
working toward a dividend payout in
the range of 35 percent of sustainable
earnings is appropriate.

Are Sun’s earnings
sustainable?

Yes, based on our current
interpretation of the industry’s
economic and political environment,
we feel that Sun’s earning potential has
moved to a higher plateau. While some
components of Sun’s 1979 earnings may
not Ee sustainable, we recognize upside
profit potential in several areas — oil
and natural gas, oil sands, coal and
terminalling. Of course, we are aware
that any major legislative setback could
alter this outlook as well as inhibit
Sun’s energy program.

Ouur capital program of $1.2 billion
per year for the early 1980’s reflects
only those projects we consider
highly probable at this time. Given a
favorable environment for energy
development, we are optimistic that we
can develop opportunities over and
above that capital spending level. Sun
has the technological, organizational,
and financial resources to do so, and
this course of action would be in the
best interests of the nation.

If you would like additional information
about Sun, write Ella W. Whight, Director,
Shareholder Relations, Sun Company, Inc.,
100 Matsonford Road, Radnor, PA 19087.
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SPECIFICITY OF A CELL-COMMUNICATION SYSTEM is illustrated by the hormones
oxytocin and vasopressin. Each of these hormones consists of nine amino acids. They are iden-
tical except at positions No. 3 and No. 8, and yet they have entirely different functions and
presumably have different receptors. Oxytocin acts on the uterus, vasopressin on the kidney.

of liquid account for the many deaths
from cholera. The threat to life can be
countered by administering adequate
amounts of fluid to the patient. The anti-
biotic tetracycline also helps, but only to
the extent that it shortens the duration
of the disease and reduces the likelihood
that the patient will become a carrier.

Other Diseases

Graves’ disease, a common cause of
hyperthyroidism, is characterized by an
enlargement of the thyroid gland and
a massive overproduction of thyroid
hormone. The excess output of the hor-
mone has many adverse effects, largely
because of hypermetabolism that is sec-
ondary to the inefficient expenditure of

cell energy. The patient is likely to ex-
hibit nervousness, tremor, a fast pulse
rate, sweating, intolerance of heat, loss
of weight and other symptoms.
Ordinarily thyroid-stimulating hor-
mone (TSH), which is manufactured in
the pituitary gland, governs the activ-
ity of the cells in the thyroid that pro-
duce thyroid hormone. Thyroid-stimu-
lating hormone binds with receptors on
the cells and then activates adenylate
cyclase. The increased levels of cyclic
AMP lead to the synthesis of thyroid
hormone and its release into the circula-
tion. Thyroid hormone in turn inhibits
the release of thyroid-stimulating hor-
mone by the pituitary gland. Hence a
simple feedback-inhibition loop regu-
lates the function of the thyroid gland.

—
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S MEMBRANE
y VESICLE
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o
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POSTSYNAPTIC NERVE MEMBRANE

NERVE-CELL COMMUNICATION takes place at synaptic junctions, one of which is de-
picted schematically here. The nerve cell ends in varicosities, or swellings, that contain packets
of a transmitter substance, in this case acetylcholine (color). On the arrival of a nerve impulse
the acetylcholine is released from the vesicles into the gap between the nerve cell and another
cell. Receptors on the membrane of the latter cell bind only the acetylcholine and not any of
the other chemical substances (black squares) nearby, and the signal is thereby transferred.
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The base-line activity of the system is
governed by thyroid-releasing hormone
(TRH), which is manufactured in cells
of the hypothalamus.

The blood plasma of patients with
Graves’ disease contains a thyroid-stim-
ulating antibody. S. Qasim Mehdi and
Joseph P. Kriss of the Stanford Uni-
versity School of Medicine have shown
that this immunoglobulin interacts with
receptors of thyroid-stimulating hor-
mone in the cells of the thyroid gland,
competes with the pituitary hormone
and continuously activates the receptors.
What triggers the production of the anti-
body remains unknown. Prior damage
to thyroid tissue appears to be impor-
tant in some instances; a genetic predis-
position may also play a role.

In any event the thyroid gland is now
driven by a stimulating antibody rather
than by the normal regulatory hormone.
Moreover, the feedback-inhibition loop
has been broken. Overproduction and
oversecretion of thyroid hormone en-
sue, and the patient develops all the
serious clinical abnormalities associat-
ed with hyperthyroidism. The entire dis-
ease process appears to be the conse-
quence of the functional similarity be-
tween a part of the antibody molecule
and a part of the TSH molecule.

A somewhat similar mechanism is re-
sponsible for myasthenia gravis, an of-
ten serious disorder in which the patient
develops a profound muscle weakness.
The repetitive use of a muscle intensi-
fies the symptoms. Jaw muscles become
tired after prolonged chewing; the upper
eyelids droop after they have been kept
open for a sustained period; the voice
falters in long conversations.

It is found that most of these patients
have a circulating antibody that not only
combines with receptors of acetylcho-
line in the end plates of the motor nerves
but also destroys the receptors. Some
patients show clear evidence of abnor-
mal function of the thymus gland, which
is responsible for the production of one
class of immune cells. A passive transfer
of the antibody across the placenta to
the fetal circulation accounts for the oc-
currence of the disease in the offspring
of affected mothers. Within weeks after
birth the antibodies are degraded in the
infant’s tissues and the infant recovers
spontaneously.

A series of ground-breaking experi-
ments by Michael S. Brown and Joseph
L. Goldstein of the University of Texas
Health Science Center at Dallas has es-
tablished that a dangerous form of ele-
vated blood cholesterol is another dis-
ease of receptors. This disorder, which is
inherited and transmitted to half of the
offspring, results in a marked elevation
of the level of cholesterol in the blood,
premature coronary disease and depos-
its of cholesterol in the skin and certain
tendons.

Cells require cholesterol to replenish
cholesterol molecules in the cell mem-



UN MOMENT D E MARTELL

80 PROOF IMPORTED BY THE JOS GARNEAU CO., NEW YORK, NY.

DINNER IS OVER, BUT THE NIGHT IS STILL YOUNG.

WHAT BETTER TIME TO EXPERIENCE THE WORLD'S
FINEST COGNAC—MARTELL.

AFTER ALL, MARTELL COGNAC HAS HELPED MAKE
EVENINGS MEMORABLE SINCE 1715.

MARTELL V.S.P, V.S.O.P, AND CORDON BLEU.

MARTELL COGNAC
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One Stamford Forum, Stamford, Conn. 06904

“New York vs. Tampa Bay.
The first network telecast over
optical cable fibers as thin as

this underline? GEE!”

(No, GTE!)

Recently, a landmark football game was played.

“Landmark” not because of the way it was
played on the field, but because of the way it was
played over the TV.

This was the country’s first network telecast
over cables made up of hair-thin optical fibers.
(Optical, as the name implies, means that the in-
formation is transmitted by means of light pulses.)

Eventually, these cables will have the capacity
to carry thousands of times more information

(telephone, television, data, what have you) than
a conventional cable. And, obviously, they take
up a lot less space.

By the way, that red underline up there in the
headline is just about the exact thickness—or per-
haps we should say thinness—of one of these
fibers. And just to give you an idea of its potential,
when used for telephone calls, it can carry over
600 voices at once.

Imagine.

GTE
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brane that have been lost through wear
and tear. The liver synthesizes cholester-
ol from precursors and releases it into
the blood as part of a low-density lip-
oprotein (LDL) molecule, which is re-
moved from the blood by specific re-
ceptors on the cell membrane. When a
cell is in need of supplemental sup-
plies of cholesterol, there is an increase
in the number of LDL receptors, which
then intercept molecules of LDL that

THYROID-
RELEASING
HORMONE

PITUITARY

Sl
THYROID-
STIMULATING
THYROQID HORMONE

GLAND

THYROID
HORMONE

S/

FEEDBACK-INHIBITION LOOP normal-
ly controls the hormonal activity of the hypo-
thalamus, the pituitary gland and the thyroid
gland. Thyroid-stimulating hormone, manu-
factured in the pituitary gland, governs the
output of thyroid hormone from the thyroid
gland. The rise in the level of thyroid hormone
subsequently inhibits the release of thyroid-
stimulating hormone. The entire system is
controlled by thyroid-releasing hormone from
the hypothalamus. In Graves’ disease, a form
of hyperthyroidism, a false signal is given by
a thyroid-stimulating antibody in the blood.
The thyroid gland overproduces thyroid hor-
mone and feedback-control loop is broken.
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are flowing past the cell in the intersti-
tial fluid. When the needs of the cell
have been met, there is a decrease in the
number of LDL receptors, allowing the
LDL cholesterol to float past and reach
other cells.

Patients with familial hypercholester-
olemia, the name of the inherited dis-
order, are unable to produce adequate
numbers of LDL receptors on cell mem-
branes. The blood level of LDL (and
therefore of cholesterol) increases, and
the damaging effects of excessive cho-
lesterol in the blood ensue. People who
are homozygous for this disorder (have
inherited the defective gene from both
parents) have virtually no LDL recep-
tors. They develop exceedingly high lev-
els of LDL cholesterol in the plasma and
often suffer fatal coronary disease in
childhood or adolescence. The disorder
can be detected early in fetal life by ana-
lyzing amniotic fluid. The parents can
then be counseled about the difficulties
that lie ahead. Another form of the dis-
ease has been recognized in which the
number of LDL receptors is normal but
the process by which cholesterol-laden
receptors are moved from the cell’s sur-
face to its interior is impaired.

Diabetes and Insulin

A number of types of diabetes melli-
tus, some of which are common, are
now thought to be associated with the
defective function of receptors. The tale
begins with the interaction of blood glu-
cose and insulin. Blood glucose, which is
derived either from the digestive break-
down and absorption of dietary carbo-
hydrates or from stores or manufacture
in the liver, is an important source of
energy and of building-block molecules
for cells. It is essential for the minute-to-
minute survival of neurons in the
central nervous system. Glucose cannot
gain entrance through the membranes
of muscle and fat cells without the me-
diation of insulin. As the concentration
of glucose in the blood rises after a
meal, the level of insulin in the blood
(manufactured and released by the beta
cells of the pancreas) increases similarly.
The insulin activates specific receptors in
cell membranes. The receptors proba-
bly provide a passageway through which
glucose and other substances can enter.

It has recently been shown that soon
after insulin combines with receptors
the receptors move from the membrane
to target structures within the cell. The
movement is highly directed. Eventual-
ly many of the insulin-receptor com-
plexes take up positions on the surface
of the membrane of the cell nucleus,
where they presumably cause some of
the long-term biosynthetic effects asso-
ciated with the action of insulin.

Insulin also plays a key role in regu-
lating the metabolism of carbohydrate.
When the level of insulin in the blood
plasma is high, the liver stores glucose in
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the form of glycogen. When the level of
insulin in the plasma is low, glycogen
is broken down and glucose is released
into the bloodstream.

How does impaired communication
among cells cause diabetes? One form
of the disease, called juvenile, brittle
or insulin-dependent diabetes, is prob-
ably the result of a viral infection of the
beta cells of the pancreas. Either the vi-
ral invasion itself or the antibodies pro-
duced against the virus destroy the beta
cells and permanently halt the manufac-
ture of insulin. In people with such a
severe deficiency of insulin the liver
releases large amounts of glucose that
cannot be taken up by muscle and fat
cells. The concentration of glucose in
the blood rises sharply. The administra-
tion of insulin by injection stops the
overproduction of glucose by the liver
and activates the receptors, so that the
sugar can gain entry to the cells, and
thereby reverses many of the metabolic
derangements associated with this type
of diabetes.

Gerald M. Reaven and Jerrold M.
Olefsky of the Stanford School of Medi-
cine have shown that there are reduced
numbers of insulin receptors on the cells
of several types of tissue in a common
form of diabetes that appears primarily
in middle-aged people. In some of these
people the output of insulin seems to
be excessive. When the disease occurs
in association with obesity, an improve-
ment can be brought about by a reduc-
tion of weight. The concentration of
insulin receptors on cell membranes ap-
pears to increase as the excess intake of
calories is corrected. Whether or not the
improvement in the diabetes is attribut-
able to the increased number of insulin
receptors, however, has not yet been es-
tablished. Another form of diabetes has
been attributed to a structural abnor-
mality of insulin.

Jesse Roth and his co-workers at the
National Institute of Arthritis, Metab-
olism, and Digestive Diseases have
shown that obesity in general is associat-
ed with a decrease in the number of in-
sulin receptors and that the number re-
turns to normal when the calorie intake
is made negative, that is, less than the
person needs to maintain a given weight
level. The same workers have demon-
strated a decreased affinity of receptors
for insulin in the rare disease known as
ataxia telangiectasia. (The victims of
this genetic disease suffer from uncoor-
dinated muscle contractions and recur-
ring infections owing to an impaired
immune response.) Such studies have
provided strong evidence that insulin
receptors play a role in certain disor-
ders of glucose metabolism.

In a related study at the National
Institutes of Health, Jana B. Havran-
kova, Michael J. Brownstein and Roth
found insulin receptors widely distribut-
ed throughout the brain of the rat. Al-
though it is not clear whether the recep-



The 1980 Mazda RX-7 GS

Just one look is all it takes to appreciate
the exceptional value of the Mazda RX-7
versus Datsun 280Z X or Porsche 924.

As remarkable as the Mazda
RX-7 is on its own merits, it looks
all the better when compared
with the competition. Because the
sleek, aerodynamic RX-7 is vir-
tually everything you could want
in a refined sports car—at an
almost unbelievable price.

It can reach 0-50 in 6.3 seconds.
Its inherently compact rotary en-
gine is placed behind the front
axle, for ideal weight distribution
and superb handling.

In auto racing, a specially-
prepared RX-7 won its class at the
Daytona 24-hour race. Another
RX-7 set a world speed record at
Bonneville.

The smoothness of the rotary
engine makes the RX-7 a quiet
sports car. All this performance
from a car that can attain excellent
gas mileage on the open road.

EST. EST**
mpg 28 hwy mpg
But the front mid-engine RX-7
offers infinitely more than

performance. It also provides
extraordinary comfort.

So if you know what you want
in a sports car, and you don't
want to pay a king’s ransom to get
it, take a look at the RX-7 GS or S
Model. The beautifully-styled,
high-mileage, high-performance
sports cars from Mazda.

You're also going to

like the looks of RX-7 GS
standard features.

* AM/FM stereo radio with power
antenna ¢ Side-window demis-
ters  Cut-pile carpeting « Tinted
glass « 5-speed * Tachometer

A St -
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- Styled steel wheels « Steel-
belted radial tires * Front and rear
stabilizer bars * Ventilated front
disc and finned rear drum brakes
with power assist ¢ Electric
remote hatch release. 3-speed
automatic transmission, air con-
ditioning, aluminum wheels and
sun roof available as options.

58205

*Manufacturer’s suggested retail price for GS
Modelshown. S Model $7495. Slightly higher
in California. Actual prices established by deal-
ers. Taxes, license, freight, optional equipment
and any other dealer charges are extra. (Wide
alloy wheels shown $275-$295.) All prices
subject to change without notice.

**EPA estimates for comparison purposes for GS
Model with 5-spd. trans. The mileage you get
may vary depending on how fast you drive, the
weather, and trip length. The actual highway
mileage will probably be less. California,
estimated mpg, 27 estimated highway mpg.

Mazda’s rotary engine licensed by NSU-WANKEL.
[T
mMa“Zba
The more you look,
the more you like.
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A Texas Instruments custom Solid State Softw:
modaule is simplifying the business of keeping
track of the world’s best athletes at Lake Placid.
We can do the same for you...
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Simplify your business.
Increase the productivity of your people.

Within seconds, Olympic officials at
Lake Placid will be able to perform
complex, computer-like calculations to
audit results of competitive events.

They’ll have at their fingertips the
remarkable computational power of a
TI Programmable 59 calculator. And,
they’ll be able to use it with ease be-
cause of a small, cube-shaped memory
module that has been specifically cus-
tom designed to do the job for them —
with little experience or training on
their part.

Texas Instruments can do the same
for the people who work in your com-
pany — at a cost and in quantities low
enough to surprise you.

We’ve done it for lots of others.
 Pilots of complex Harrier combat
aircraft fly with TI Programmable 58C
calculators strapped to their legs. The
calculator’s custom-built module re-
places a flight manual that contained
hundreds of pages of tables and graphs
used to determine vertical lift, range,
fuel consumption, and other technical
data.

» Qil exploration teams are using a
custom module to simplify the complex
procedure of properly positioning off-
shore drilling rigs.

e A truck manufacturer has replaced
the charts, graphs, and lengthy slide
rule computations its dealers had been
using with a TI programmable calcula-
tor and custom software module.

As different as these applications
are, they represent only a few of the
wide range of uses in which Texas
Instruments custom Solid State
Software™ modules are being used to
tailor the powerful TI-58C and TI-59
calculatorsinto easy-to-use, specific ap-
plication machines.

Plug-in custom software simplifies
complex tasks at low cost.

Custom modules for the TI-58C and
TI-59 decentralize the analytical and
computational power of the computer
...not only for Olympic scorers, combat
pilots and petroleum engineers... but
also for many other Texas Instruments

customers in business, government
and industry. They allow the user to
process data and handle complex calcu-
lations that would normally require ac-
cess to a central computer system.

/{mm on cover

Designed for use with the TI-58C
and TI-59 programmable calculators,
custom plug-in modules contain pre-
written programs developed to cus-
tomer specifications. Each module
contains up to 5,000 program steps, the
equivalent of a multi-card library of
magnetic cards. Even though the cus-
tom modules contain complex
software, they are relatively inexpen-
sive to produce and production runs of
as few as 250 modules are feasible. In
addition to module development, Texas
Instruments offers equipment, train-
ing and advice to its custom Solid State
Software customers.

Custom modules provide a low-cost,
mass-producible protectable firmware
medium because they are produced
withthe same advanced micromemory
technology used in TI’s standard Solid
State Software library modules for
non-specific applications, available
through TI retailers nationwide.

TT’s versatile programmable
calculators.

Both the TI Programmable 58C and 59
feature TI’s standard Solid State
Software plug-in libraries which con-
tain a wide selection of programs.
These optional , general purpose
libraries are available in a variety of
fields, including engineering, science,
statistics and business.

The TI Programmable 59 has up to
960 program steps or up to 100 memo-
ries and features magnetic card read/
write capability. In
programmable
calculators it leads
the field in per-
formance, quality,
and value.

The TI Pro-

grammable 58C
has up to 480
program
steps orup to
60 memo-
ries. And it
has TI’s Con-
stant Memory™ feature that retains
data and program information even
when the calculator is turned off.
More information.
Wed like to tell youmore about the TI
Programmable 58C and TI Program-
mable 59 — and how custom software
can be specifically tailored for your
company’s applications. We'll also send
you information an TI’s unique Profes-
sional Productivity Program. We used
it to get a 25% increase in
creative work from our peo-
ple and we’ll tell you how
we did it. Send in the cou-
pon today.
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tors are on nerve cells or on the cells of
supporting connective tissue and blood
vessels, their high concentration in the
pathways controlling feeding activity is
an intriguing discovery. It has long been
known that insulin is not required for
the entry of glucose into the neurons of
the central nervous system. Does insulin
then play some other role there, such as
influencing the appetite? Does this find-
ing provide a clue to the link between
overeating and diabetes?

Substances in the Brain

A large number of other chemical
substances are concentrated in brain
cells but do not serve as neurotransmit-
ters. Many of them appear to be modu-
lators of the activity of nerve cells, scal-
ing up or down the response at a synapse
to the arrival of various electrical in-
puts. The compounds include sex hor-
mones, prostaglandins, adrenal gluco-
corticoids and endogenous opioids. (A
remarkable endogenous opioid, a brain
peptide with a high specificity for its re-
ceptor, was recently discovered by Av-
ram Goldstein of the Stanford School
of Medicine and the Addiction Research
Foundation and named dynorphin by
him. It is 200 times more potent than
morphine and 50 times more potent than
the previously identified beta endorphin.
Its function may be related to how the
brain regulates the tolerance of pain.)
Some of the compounds appear to inter-
act with biochemical processes directly,
whereas others function through specif-
ic receptors.

Studies in rodents have shown that
gonadal hormones not only influence
urges and drives but also play an impor-

tant role during critical periods of early
development in determining the sexual
differentiation of the brain. It is likely
that in such animals sex steroids influ-
ence the development of neuronal path-
ways and the function of neurons.

The relative importance of hormonal
and environmental influences on gender
development in human beings is the sub-
ject of controversy. Studies by Julianne
Imperato-McGinley and her co-workers
at the Cornell University Medical Col-
lege and at the National University Pe-
dro Henriquez Urefia in the Dominican
Republic of a rare genetic form of pseu-
dohermaphroditism found among vil-
lagers in the Dominican Republic ap-
pear to indicate that androgens play an
important role in the formation of male
gender identity. During or shortly after
puberty almost all the affected children,
who have male chromosomes and levels
of testosterone in the blood that are typi-
cal of boys but who have been raised as
girls because their external genitalia ap-
pear to be female, change their gender
identity and gender roles. Clearly more
information is needed about the contri-
butions of chromosomes, gonads, hor-
mones and receptors (including sex-hor-
mone receptors in the brain) to resolve
some of the complex issues surrounding
gender dysfunction.

Indirect evidence of impaired chem-
ical communication among cells has
been found in a number of abnormal
behavioral states. For example, func-
tional deficiencies of the neurotransmit-
ters serotonin and norepinephrine ap-
pear to be involved in some forms of
depression, which can be precipitated
or exacerbated by the administration
of drugs that deplete the neuronal sup-
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HIST AMINE AS MESSENGER evokes responses from two different kinds of receptors. The
H; receptors are in the respiratory tract and mediate the events of hay fever and asthma; the
H; receptors are in the stomach and mediate the secretion of hydrochloric acid. Curiously, the
molecular structure of the conventional antihistamine drug, diphenhydramine, which acts by
blocking H, receptors, bears no resemblance to that of histamine, whereas the structure of
cimetidine and related compounds, which block H; receptors, is similar to that of histamine.
Ordinarily a substance that mimics the effects of a mediator resembles the mediator itself.
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ply of those compounds. Recently it has
been found that some antidepressant
drugs act by blocking certain histamine
receptors in the brain. Many of the man-
ifestations of schizophrenic states ap-
pear to be the expression of excessive
activity of dopamine in certain nerve
pathways. The symptoms are intensified
by the dopaminelike effects of ampheta-
mines and relieved by a large number of
antipsychotic agents, all of which are
known to block neurotransmission in-
volving dopamine.

Several neurological diseases are now
viewed as probable examples of neuro-
transmitter dysfunction. Consider Par-
kinson’s disease, which is the result of
damage to certain lower centers in the
brain caused by encephalitis, arterio-
sclerosis, poisons or metabolic defects.
Its symptoms are disturbances in gait or
posture characterized by the failure of
the arms to swing during walking and by
small, shuffling and slow footsteps, in-
terrupted by sudden, spontaneous, hur-
ried movements that propel the body
forward in a bent-over position. Spastic-
ity of the muscles of the eyelids, cheeks
and mouth irons out the facial expres-
sion of emotions, which are feebly com-
municated even when they are deeply
felt. Rhythmical tremors often appear,
particularly when the affected person is
at rest.

Chemical analysis of the brain tissues
involved in Parkinsonism hasrevealed a
marked depletion of dopamine and its
metabolites. Because dopamine cannot
penetrate the walls of the capillaries in
the brain a precursor, L-DOPA, is em-
ployed therapeutically to replenish the
supplies of the neurotransmitter. The
treatment has been further refined by
the addition of a drug that inhibits the
breakdown of L-DOPA in the peripher-
al tissues. In some patients the regimen
is of little benefit; in others it is remark-
ably effective, probably because the un-
derlying defect is limited to functions
for which dopamine is the mediator.

Another possible neurotransmitter dis-
ease is Huntington’s chorea, a devastat-
ing hereditary disorder of the central
nervous system that causes a progres-
sive dementia and ceaseless jerky and
writhing movements. The disease is not
clinically evident until the afflicted per-
son is well into adult life, and therefore
it is frequently passed to individuals in
the next generation, half of whom will
be affected. Victims often go through
years of dread and depression, and a fre-
quent cause of death is suicide.

Certain areas of the brain of patients
dying of this disease show large losses of
neurons that contain the neurotransmit-
ter gamma-aminobutyric acid (GABA).
Recent studies suggest that abnormali-
ties of phospholipids in the membrane
of the neuron prevent GABA from gain-
ing access to its receptor. A search for an
analogue drug capable of reaching brain
cells and activating GABA receptors is



under way. (GABA does not cross the
physiological barrier between the blood
and the brain.)

When specimens of primary breast
cancer are obtained by biopsy or in the
course of surgery, about two-thirds of
them show the presence of receptors
that bind estrogen. A reliable clinical as-
say for the detection of such receptors
is now widely available. (Tumors from
postmenopausal women are more like-
ly to contain estrogen-binding receptors
than tumors from premenopausal wom-
en, which is strange because the older
women are no longer producing estro-
gen.) The majority of the breast can-
cers found to contain these receptors re-
spond to hormonal manipulations, and
the test is therefore useful in selecting
patients for whom the treatment is likely
to be effective.

At least two kinds of receptors re-
spond to histamine and both are impor-
tant in drug therapy. What are collec-
tively called H; receptors are found in
the respiratory tract; they mediate some
of the vascular, smooth-muscle and se-
cretory changes associated with hay fe-
ver and asthma. H; receptors are found
mainly in the stomach; they mediate the
gastric secretion of hydrochloric acid.

The conventional antihistamine drugs
block H, receptors and have long served
in the treatment of allergic disorders.
Their chemical configuration bears no
resemblance to that of histamine. Such
agents have no effect on Hy receptors.
Compounds of a new class, related to
the drug cimetidine, powerfully block
H; receptors and are useful in reduc-
ing the secretion of acid in certain pep-
tic ulcers. Cimetidine and similar com-
pounds resemble histamine structurally
and so serve as substitute mediators.

Another important new class of drugs
blocks beta-adrenergic receptors in the
heart and blood vessels. These agents, of
which propranolol is at present the one
most widely administered in the U.S,,
blunt the effects of adrenergic stimula-
tion. They reduce the work of the heart
during physical or psychic stress and
so prevent attacks of chest pain in pa-
tients whose coronary blood flow is in-
adequate. The drugs are also effective
in preventing certain types of heart-
rhythm disorder and in treating some
forms of high blood pressure.

The concepts of mediators, receptors
and disordered communication among
cells are new and are therefore difficult
to put in proper perspective. Neverthe-
less, the ideas I have described (having
mentioned only a few of the many in-
vestigators who have made important
contributions to this field) represent im-
portant advances in biology and medi-
cine. It is likely future research will re-
veal that many diseases are caused by
the overproduction or underproduction
of a mediator or by the faulty structure
of receptors or of the organelles with
which the receptors interact.

If you'd like to know why Jack Daniel’s tastes different, drop us a line.

IF THE SUPREME JUDGES of Jack Daniel’s

Whiskey don'’t agree, the minority rules.

These gentlemen taste our whiskey as it
comes from room-high vats of tightly packed,
hard maple charcoal. And even if only one
taster says the charcoal needs changing,
the vat is emptied and changed. What's
more, the last batch of whiskey through
is put through again. That way, we
can be sure not even a minority of our
friends will ever find fault with Jack
Daniel’s charcoal mellowed whiskey.

Tennessee Whiskey « 90 Proof » Distilled and Bottled by Jack Daniel Distillery,
Lem Motlow, Prop., Inc., Route 1, Lynchburg (Pop. 361), Tennessee 37352
Placed in the National Register of Historic Places by the United States Government.
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Rockwell International is more
than a builder of avionics for
most of America’s airliners.

Much more.

]

For most pilots, the name
Rockwell International stands for
aviation electronics. Understandably
so: Our Collins avionics systems are
not only on board nearly every
U.S.-built airliner, but on many
general aviation and military aircraft as
well. And our Collins Air Transport
Division has a contract — scheduled
to extend into the next century —to
build avionics for all Boeing model
767[757 airliners. But avionics is
only one of our strengths.

Rockwell International is a
major multi-industry company
applying advanced technology to a
wide range of products —in
automotive, aerospace, electronics
and general industries. Following are
some examples of our balanced
diversification.

Electronics.

(Sales, fiscal 1979: $1.5 billion.)

Our position as one of the
world's leading suppliers of avionics
— communications, navigation and
flight control equipment — reflects
only one of our electronic businesses.

We also make microelectronic
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Our new digital fli ght control
system will be aboard the all-net
| |R Boeing model 767/757 airline:
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systems and devices, broadcast
equipment, and missile guidance and
control systems. And we manufacture
and install telecommunications
systems, including both digital and
analog microwave systems, for
businesses and governments
worldwide.

Automotive.

(Sales, fiscal 1979: $1.8 billion.)

One-half of the highway

equipped with Rockwell axles —
and more than half of the heavy-
duty trucks stop with Rockwell
brakes. We're also a major supplier
of drivelines, steel and styled
aluminum wheels, mechanical
devices, castings, stainless steel
wheel covers and other components |
for trucks, trailers, buses, vans and ¥
passenger cars.

Our Cam-Master® ‘Q"® is the
latest in the most widely used series of
heavy-duty air brakes in the trucking
industry. The “Q” is known as ‘the
no-sweat, no-tools brake,” because its

© 1980 SCIENTIFIC AMERICAN, INC

special design permits changing
brake shoes without tools, in less than
two minutes.

Rockwell’s extensive product
line of mechanical, hydraulic, cam
and wedge brakes is the result of over
a half-century of design, engineering -
and manufacturing experience. Our
most popular brake designs have
been proved on and off the highway in
literally billions of miles on the job.

The brake shoes
in this Cam-Master “‘Q”’ brake can be changed
in less than two minutes — without using tools.



Also aboard is our new
Electronic Flight Instrument
System which displays

attitude and
navigation data.

Aerospace.

(Sales, fiscal 1979: $1.6 billion.)

General Industries.

(Sales, fiscal 1979: $1.2 billion.)

We're prime contractor
to NASA for its Space Shuttle
orbiters and their main engines,
and for integrating the entire Space

Shuttle system including selected

payloads. We build rocket engines for
many other applications, too, and several
types of Earth-orbiting satellites. We also
have a long, proud history as a designer
and builder of business and military
aircraft. '
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Electrical power for the
Navstar Global Positioning System satellites
is provided by solar arrays which swivel
to track and capture the sun’s light.

Our current satellite projects
include a new $86.1 million contract
for “the brightest star in navigation
history” — Navstar — designed and
built by Rockwell for the U.S. Defense
Department’s Global Positioning
System (GPS). When fully operational
in the mid-1980s, GPS will utilize 24
Navstar satellites orbiting 11,000 miles
above the Earth. Beaming a
continuous stream of signals, the
system will enable land, sea, air and
space navigators to determine their
positions to within 30 feet, their speed
to within a fraction of a mile per hour
— and the correct time to within a
millionth of a second.

Each Navstar’s
rubidium clock

is 50 accurate, it will gain
or lose no more than
one second in
30,000 years.

Rockwell is one of the world’s
largest suppliers of high-technology
valves for the energy market and for
general industry. We also make
printing presses, textile equipment,
power tools, industrial sewing
machines, and products for utilities,
including over one-fourth of all the
. meters purchased by America’s
municipal water departments.

] Our extensive technology is
also applied to the world’s growing
need for alternate sources of energy.
We're involved in projects for nuclear
energy, coal gasification,
flue gas desulfurization,
and solar, wind and
geothermal power.

We also manufacture
gas meters for industrial
applications. And our new

MPG Gas Flow Computer, an
application of our microelectronics
technology, can be connected directly
to our meters to provide extensive,
highly accurate flow data at the push
of a button.

Rockwell’s new digital
_\hls_ﬁ:!n' computer.

Thousands
¥ of computations
are performed in seconds —

continuously calculated to ten places.
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arnings up in 79
4th consecutive year.
Rockwell International’s total
sales for fiscal 1979 were $6.2 billion,
up 16 percent over $5.3 billion in the
prior year. Net income totaled $261.1
million, or $7.33 per share, an
increase of 48 percent over 1978 net
income of $176.6 million, or $5.02
per share. Return on average equity
has increased to 18 percent, which
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is a substantial improvement over
the previous year and nearly twice
that of 1975. This should place the
company among the top one-third of
the 100 largest companies in the
1979 FORTUNE 500 Directory.

For more of the Rockwell story,
please write us for a copy of our
annual report: Rockwell International,
Dept. 815S-24, 600 Grant Street,
Pittsburgh, PA 15219.

Rockwell
International

o

..where science gets downtobusiness

Automotive/Aerospace
Electronics/General Industries
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The Spin of Comets

Puzzling changes in the orbital period of Comet Encke, which

circles the sun every 3.3 years, can be attributed to the rotation

of its icy nucleus and the thrust of gases evaporated from it

comet, like an atom, has a nucleus.
The nuclei of comets, howev-
er, have been more elusive than
those of atoms. The atomic nucleus was
first identified in 1911, some 40 years
before I was able to show that comets
have a nucleus (which I likened to a
dirty snowball). There was a somewhat
greater interval between the introduc-
tion of the concept that atomic nuclei
spin and the first measurements of a few
rotation periods for comet nuclei in
1977. The spin axes of atomic nuclei
have long been known to gyrate when
they are subjected to a magnetic field.
Here I shall describe the gyration of the
spin axis of a comet nucleus.

In the study of the nuclei of atoms and
the nuclei of comets two similarities
stand out: invisibility and relative size.
No one can see an atomic nucleus, and
very rarely, if ever, can anyone see the
true solid nucleus of a comet, even with
the aid of a large telescope. The nucleus
of an atom is about a hundred-thou-
sandth of the diameter of the atom. A
similar ratio holds for the nucleus of a
comet with respect to the comet’s gassy
and dusty coma, or head, which is what
is seen or photographed.

The physicist has had an advantage
over the astronomer in the study of a
body so much smaller than the object of
which it is a part. Atoms are vastly more
abundant than comets. Moreover, their
nuclei have an electric charge and a
magnetic polarity (because of their
spin). Where the physicist can probe
an atomic nucleus whenever laboratory
apparatus is available, the astronomer
must wait patiently for a distant view of
one of the few comets that swing by. The
astronomer’s handicap would be greatly
eased, however, if a proposed space mis-
sion were viewed favorably by Con-
gress. The National Aeronautics and
Space Administration has developed de-
tailed plans for a spacecraft rendezvous
with Halley’s comet in November, 1985,
followed by a prolonged visit three
years later to a much less famous comet:
Tempel 2. In a period of budgetary aus-
terity funding for the mission is current-
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ly uncertain. Meanwhile astronomers
do the best they can with the tools they
have at hand.

he most valuable comet for the

study of the comet nucleus is the one
with the shortest orbital period (3.3
years), discovered in 1786 by Pierre Mé-
chain but named for the German mathe-
matician and physicist Johann Franz
Encke. In 1819 Encke studied the mo-
tion of the comet and concluded that its
motion deviated “wildly” from predic-
tions based on Newton’s law of gravita-
tion. He found that its period was get-
ting about 2, hours shorter with every
revolution around the sun.

At that time the decrease was ascribed
to a resistant medium in space. It was
even suggested that the medium might
be the “luminiferous aether” supposed-
ly needed to carry light waves through
otherwise empty space. As late as 1950
an elementary textbook of astronomy
stated that “a comet appears to be a
swarm of relatively small and widely
separated solid bodies held together
loosely by mutual attraction.” It is only
such a “flying gravel bank” that would
meet resistance in space. Larger solid
bodies such as asteroids and planets
show no such effect, and neither would a
solid comet nucleus.

By 1868, however, the rate at which
Comet Encke’s period was getting short-
er had mysteriously decreased and
thereafter continued to do so. Today the
decrease in period amounts to only a
few minutes per revolution. By 1950
several other comets had also been ob-
served to follow a pattern of erratic de-
viation from pure gravitational motion,
some with decreasing periods like the
period of Comet Encke but some with
increasing ones. Halley’s comet, for ex-
ample, returns about four days late after
each of its 76-year revolutions around
the sun.

From such observations I developed
my theory of the comet nucleus as a ball
of dirty ice. Let us imagine that the ice
ball is also rotating on its axis so that it
has a day and a night. Points on its sur-

© 1980 SCIENTIFIC AMERICAN, INC

face alternately face toward the sun and
away from it. Surface ices will evapo-
rate (more correctly, sublime) much
faster when they are heated by the sun
than they will at night, when they are
exposed to the near absolute zero of
black outer space. In the “morning” of
each comet “day” the frigid ices are
gradually warmed by the sun and reach
a maximum temperature toward the
late afternoon. The outflowing gases
arising from the sublimating ices gener-
ate a reactive jet force that pushes the
nucleus of the comet at an angle equal
and opposite to the angle the thrust of
maximum sublimation makes with a
line drawn to the sun.

If the nucleus is rotating in a direction
opposite to that in which it revolves
around the sun, the afternoon jet thrust
will oppose the comet’s motion, thereby
slightly reducing its orbit and hastening
its arrival at perihelion: its closest ap-
proach to the sun. The reverse direction
of rotation will accelerate the comet,
thereby expanding its orbit and delaying
its arrival at perihelion.

A reverse sense of rotation must
therefore hold for Comet Encke and for
about half of some three dozen other
comets whose orbital-period changes
have been determined by Brian G.
Marsden and Zdenek Sekanina of the
Smithsonian Astrophysical Observato-
ry and Donald K. Yeomans of the Jet
Propulsion Laboratory of the Califor-
nia Institute of Technology. A comet
need lose only a small fraction of 1 per-
cent of its total mass per revolution to
account for the observed changes in pe-
riod; most comets can therefore survive
a great many revolutions around the sun
before they exhaust their deep-freeze
supply of ices.

Why, however, should the period
change for Comet Encke be so drastical-
ly reduced in less than 200 years from
2, hours per revolution to a few min-
utes? The popular explanation has been
that Comet Encke is slowly losing mass
and that the jet force has simply de-
creased over the period of observation.
This explanation is somewhat too pat,



even though Comet Encke may not be
quite as bright as it was 200 years ago.
(The brightness observations are open
to question.) Still, the surface of an ag-
ing comet might accumulate dusty ma-
terial that would cover up the volatile
ices and so reduce the jet effect. On the
other hand, why did the nongravitation-
al change in period rise to a maximum in
about 1810 and then fall?

Sekanina, my colleague at the Smith-

sonian Astrophysical Observatory, and
I had long suspected that the real cause
might lie in the changing spin axis of
the nucleus. This could affect the geom-
etry of the jet forces and so account for
the phenomenon. But how could one
find the spin axis of a tiny comet nu-
cleus buried inside the coma, brilliant
with fluorescing gases and dust-scattered
sunlight? At about the same time we
both came to approximately the same

method, although we approached it
from entirely different points of view.
For the sake of brevity I shall describe
only Sekanina’s method, which applies
directly to Comet Encke.

The delay time in the sublimation of
ices on a rotating comet nucleus will
cause the escaping gas and dust to form
an asymmetrical or fan-shaped jet on
the afternoon side of the nucleus. Gen-
erally the jet will point in a direction

COMET ENCKE, the comet with the shortest period of revolution
around the sun (3.3 years), was photographed on November 22, 1937,
35 days before perihelion (the point at which the comet comes closest
to the sun). Comet Encke was then 131 million kilometers from the
sun and 43 million kilometers from the earth. Its distance from the
sun at perihelion is about §1 million kilometers. Close inspection of
such photographs discloses that the invisible solid nucleus of the com-
et is emitting a jet of volatilized gases at an angle that is not on a line

with the sun. Normally the gas and dust surrounding a comet nucleus
is formed into a tail pointing directly away from the sun. The asym-
metrical jet is evidence that the nucleus of Comet Encke is spinning.
Although Comet Encke is never a spectacular object, its frequent ap-
paritions make it probably the most thoroughly studied comet. The
photograph was made by George Van Biesbroeck with a 24-inch re-
flector at the Yerkes Observatory. Bright streaks in the background
are stars in apparent motion as telescope tracked the moving comet.
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different from that of the tail of the com-
et, which points directly away from the
sun. The coma will be elongated or will
be displaced from the bright region cen-
tered on the nucleus. Observers fre-
quently note such asymmetries in the
head of comets and record the direction
of the jets and fans.

To determine the spin axis of a comet
nucleus Sekanina wrote an elaborate
computer program that provides for
each comet observation a printout of a
three-dimensional table. The table gives
the position on the celestial sphere
toward which a jet points for all possible
directions of the spin axis and all possi-
ble angles of the lag in sublimation.
From the table Sekanina can pick out
the possible ranges of spin-axis direction
and lag angle to fit each observation.
The range of solutions narrows as he
compares more observations.

Applying this method to four short-
period comets, Sekanina discovered that
as of 1947 the spin axis of Comet Encke
was tilted five degrees with respect to the
plane of the comet’s orbit around the
sun. At perihelion the spin axis made an
angle of 25 degrees with respect to a line

between the sun and the comet. The lag
angle of the jet action was 45 degrees.
Clearly the change of period caused by
the jet action is complicated to calculate
because the jet force varies tremendous-
ly both in amount and in direction as the
comet travels around its orbit. Only by a
numerical integration can one calculate
how the orbital period should change.
Without the modern electronic comput-
er the task of integration would take a
lifetime.

Sekanina and I next assumed that the
nucleus of Comet Encke is not a sphere
but an oblate spheroid, something like a
doorknob. A nearly rigid rotating body
in space will quickly adjust its spin axis
and mass so that the spheroid rotates
stably about its shortest axis. This is rec-
ognized in physics as the axis with the
maximum moment of inertia. The ge-
ometry immediately indicates that the
jet force perpendicular to the surface
will rarely pass through the center of the
nucleus. The result is an overturning
force that tends to tip the pole of the
nucleus in one direction or the other. It
is well known, however, that a spinning
top or a gyroscope does not respond to
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PERIHELION PASSAGES SINCE DISCOVERY

CHANGES IN ORBITAL PERIOD of Comet Encke were first recognized in 1819 by Johann
Franz Encke, for whom the comet was named. Encke found that the comet returned to peri-
helion some 2!/, hours early after each trip around its orbit. Since about 1830, however, the
amount by which the orbital period is getting shorter has declined steadily; it is now only a mat-
ter of minutes. Colored curve is a highly smoothed representation of actual observations. White
dots mark perihelion passages. The next perihelion passage will be on December 6 of this year.
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the pull of gravity by falling over. The
pole of the top turns in a direction 90
degrees with respect to a plane defined
by the force and the axis. Hence the ob-
late comet nucleus precesses like the
earth, which is tipped by the pull of
the moon and the sun on its equato-
rial bulge. For the earth the precession
is extremely slow, having a period of
about 25,000 years.

With the geometry in order for
our computer programs, Sekanina
and I devised a theoretical model of the
jet force, which for comets increases
faster near the sun than the inverse
square of the distance to the sun. We
were guided by the many observations
showing that Comet Encke has a very
peculiar light curve. Instead of brighten-
ing rather uniformly as it comes closest
to the sun at perihelion and then dim-
ming more slowly after perihelion, as
most comets do, Comet Encke is bright-
est very nearly at perihelion and then
almost immediately gets much dimmer
than it was at the same distances before
perihelion.

By 50 days after perihelion it is three
magnitudes, or 16 times, dimmer than it
was 50 days before it. The observations
compel one to conclude that one polar
hemisphere of the comet is much more
active than the other. This conclusion
gives an additional numerical relation
for the jet force, determined by the lati-
tude on the nucleus at which the sun is
overhead at each moment in the comet’s
orbit. When the sun shines directly on
the pole that approximately faces the
sun just after perihelion, the comet is
nearly three times fainter than it is when
the sun shines on the opposite pole, a
surprising fact demanded by the obser-
vations.

Separately we programmed two dif-
ferent computers, working with two dif-
ferent coordinate systems to calculate
both the precession rate of the spin axis
and the nongravitational orbital forces.
The jet force varied in direction and
amount with the actual position of the
comet in its orbit from 1786 to 1977,
representing 59 perihelion passages. We
were gratified with the immediate re-
sults. They showed that the pole would
sometimes precess as much as one de-
gree a year, which accounts for the
strange nongravitational motion of the
comet.

After a number of iterations of the
computations to fit the nongravitational
motion determined by Marsden and
Sekanina, we derived only small correc-
tions of about four degrees in the direc-
tion of the polar axis and less than one
degree in the lag angle of 45 degrees
determined earlier by Sekanina. The so-
lution reproduces the curve of observa-
tions within the accuracy of the orbital
calculations [see bottom illustration on
page 130]. Slight discrepancies between
the observations and the calculated
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THRUST OF VOLATILIZED GASES can alter the orbit and hence
the period of a rotating comet. If the comet nucleus is nonrotating
(left), surface ices heated by the sun can generate a small but steady
jet force that will push the comet radially outward from the sun. Be-
cause the outward thrust constantly subtracts a small amount from
the acceleration due to the sun’s gravity the orbital period will not
change from one revolution to the next. In principle it should be pos-
sible to tell if the radial jet force exists: a comet subjected to it should
occupy an orbit slightly larger than the orbit of a comet in which the
force is absent. In actuality the difference in the size of the orbit would
probably amount to less than one part in 105 and so would be below
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the limit of detectability. If the comet nucleus happens to be rotating
in a direction opposite to the direction of its motion around the sun
(right), the thrust of volatilized gases will reach a peak in the “after-
noon” of the comet’s “day.” The resulting jet force will subtract slight-
ly from the kinetic energy of the comet, steadily contracting its orbit.
As a result the comet’s period will be observed to shorten slightly
with each perihelion passage. A comet rotating in a direction opposite
to the one at the right will experience an expansion of its orbit and
therefore a lengthening of its period. Evidently shortening of Comet
Encke’s period has been basically due to the comet’s rotation in a
direction opposite to the direction in which it moves around the sun.

points are caused by the gravitational
action of Jupiter. The pull of the giant
planet changes the orbital plane of the
comet by a fraction of a degree and con-
sequently changes the geometry of the
jet action.

When we plotted the pointing direc-
tion of the spin axis of the nucleus of
Comet Encke on the celestial sphere, we
were astonished: in 191 years the pole
of rotation of the nucleus has gyrated
through more than 100 degrees across
the sky. This large gyration completely
accounts for the changes in the orbit-
al period. The century-old mystery was
solved.

One independent check on our theo-
ry remained. Would the calculated spin
axis agree with the observed directions
of the fans and asymmetrical comas,
data that we had not used in developing
our solution? To our delight the fit with
more than 30 such observations from
1805 to 1904 was completely satisfacto-
ry, and the fit with the later observations
used originally by Sekanina was great-
ly improved. The spin axis of Comet
Encke has assuredly moved as is indicat-
ed by the calculations.

Where will the spin axis of Comet
Encke be pointing in future years? Our

calculations show that by 1990 the de-
crease in the period of the comet’s revo-
lution will stop and the period will begin
to increase again. If the shape of the nu-
cleus is not changed too much by the
loss of ices, the spin axis will be almost
perpendicular to the plane of the com-
et’s orbit by the year 2200. Then the
comet will be spinning like the earth: in
the same sense as it revolves around the
sun. Such a rotation axis is quite satis-
factory for a planet but is eventually un-
stable for a comet. Since the sun shines
mostly on the equatorial regions the nu-
cleus will become spindle-shaped, elon-
gated along its polar axis because of the
loss of mass. The body of the comet will
then twist around so that further predic-
tion of the gyration is impossible today.

The past history of the spin axis is
more interesting and determinable. Ac-
cording to our calculations, the axis was
stuck in almost the same position for
perhaps hundreds or even thousands of
years before A.n. 1700. One pole was
pointed nearly along the long axis of the
orbit so that almost all the mass loss
occurred on that polar hemisphere when
the comet was close to the sun. Indeed,
that hemisphere is the one we see to-
day as being the most active. Is Com-
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et Encke rockier or dustier on one side
and icier on the other? Apparently it is.
Is this property, however, basic to the
structure of the comet? Sekanina and
I prefer another explanation, one that
does not call for such a drastic nonuni-
formity in the initial composition of the
object.

Comets are known to blow quite siz-
able pieces of rocky material off into
free orbit around the sun. When such
comet debris happens to enter the atmo-
sphere of the earth, it is seen as a meteor
or a meteor shower. For a given comet
at a given distance from the sun there is
a limit on the size of the pieces the gas
escaping from the ices can blow off. A
comet nucleus is only one kilometer to a
few kilometers in diameter, but it still
has some small gravitational pull. The
gas pressure, however, is also small.
Sekanina and I suggest some of the par-
ticles near the size limit that are ejected
from the most active areas of the comet
go into long orbital trajectories and fi-
nally land on the night hemisphere of
the nucleus. If one polar hemisphere
never faces the sun except at great dis-
tances where the comet is inactive, the
dusty or rocky debris slowly blankets
that hemisphere during hundreds of rev-
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COMET ENCKE

ORIENTATION OF THE SPIN AXIS of Comet Encke in 1947 was determined by Zdenek
Sekanina of the Smithsonian Astrophysical Observatory. On the basis of observed asymmetries
in Comet Encke’s appearance Sekanina concluded that the spin axis was rotated about 25 de-
grees eastward from a line drawn between the comet and the sun at perihelion. Pole nearest the
sun (designated north) was tilted five degrees below the plane of the orbit. Ten-day intervals
are marked on the orbit. At perihelion in 1947 comet was 51,017,000 kilometers from the sun.

olutions around the sun. By that time,
the gyration having turned the inactive
hemisphere toward the sun near perihe-
lion, the blanket of debris insulates the
underlying ices of the comet from the
solar heat and greatly reduces the com-
et’s activity. This sequence of events
could account for the peculiar light
curve of Comet Encke.

A space mission to Comet Encke
could check this suggestion about the
character of the comet nucleus. Other-
wise astronomers hundreds of years
from now might note that the rocky
blanket had finally blown off the dark
hemisphere, or perhaps determine that
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the nucleus is indeed lopsided with re-
spect to icy and rocky material. The an-
swer to the question is important in re-
constructing the evolution of comets
and of the entire solar system. Do larger
comets have a rocky core? Do some of
them finally lose their icy mantle and
contribute small asteroids to the inner
solar system?

11 the evidence of modern astronomy
supports the idea that stars like the

sun and their planetary systems (if any)
originate in collapsing clouds of inter-
stellar gas and dust. The material is ex-
tremely cold, only a few degrees above

__ TIPPING FORCE
ON POLE

COMET NUCLEUS

>
s
RO

TIPPING FORCE ON A COMET NUCLEUS arises if the nucleus is slightly oblate, which is
likely, rather than spherical. A rigid or nearly rigid rotating body will rotate stably about its
shortest axis. Gases that are being volatilized from the comet’s surface by solar heating will
exert a reactive force perpendicular to the surface. In this illustration the average force passes
below the center of the comet, which tends to push the spin axis to the left. Because the comet
is spinning, however, the actual movement of the pole is 90 degrees away from a plane that
is defined by the force and the spin axis. In this case the movement is into the plane of the page.
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absolute zero, until it is heated by the
collapse to the region where the star is
forming. If comets have no rocky core,
they must have formed at the edge of the
primordial nebula where the gas and
dust was never heated. If comets do
have a rocky core, the temperature must
first have risen enough to sublimate the
ices so that the dust in the comet could
aggregate into a rocky core. Then the
temperature would have had to fall in
order to enable the core to collect its
icy mantle, still containing consider-
able dust.

Our calculations provide another new
fact about the nucleus of Comet Encke:
the ratio of the precession rate of the
spin axis to the total nongravitational
motion in the orbit. Clearly the preces-
sion rate should increase with the ob-
lateness of the nucleus. Moreover, the
faster the nucleus spins, the slower the
precession rate should be. It turns out
that the ratio decreases with the diame-
ter of the nucleus but does not involve
the density. Therefore our new ratio is
closely proportional to the oblateness of
the nucleus multiplied by the period of
rotation and divided by the diameter
of the nucleus. If we can determine any
two of three quantities (oblateness, ro-
tation period and diameter), the third is
also determined. There is no hope, how-
ever, of directly observing the oblate-
ness without a space mission to the com-
et, so that one must try to measure or
estimate the other two quantities. First
consider the diameter.

Comet Encke has never come close
enough to the earth for astronomers to
see its nucleus, and so there is no direct
measure of the diameter of the nucleus.
If it were known how well the nucleus
reflects sunlight, the diameter could eas-
ily be calculated by its brightness when
it is at great distances from the sun and
therefore inactive. Unfortunately it is
not known. If the nucleus is a good re-
flector like clean snow, its diameter is
about a kilometer. If it is a poor reflector
like the moon, its diameter might be
four to six kilometers or even more.

Fortunately one can estimate the di-
ameter through another approach: by
placing limits on the rate at which the
comet is losing mass. Knowing the ve-
locity of ejection and the accelerations
thereby produced one can calculate the
total mass. In 1973 two French investi-
gators, J. L. Bertaux and Jacques E. Bla-
mont, estimated the mass being lost by
Comet Encke with the aid of instru-
ments in a satellite, which measured the
ultraviolet radiation emitted by hydro-
gen atoms being blown away from the
comet. If one assumes that all the hydro-
gen comes from water molecules dis-
sociated by sunlight, one can arrive at
a lower limit for the total mass lost by
the comet with each revolution around
the sun. It is 6.5 X 108 kilograms, or
650,000 metric tons.

The minimum reasonable value for
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DAYS BEFORE AND AFTER PERIHELION

LIGHT CURVE FOR COMET ENCKE (color) exhibits a peculiar asymmetry. After peri-
helion the comet’s brightness fades much faster than it had increased before perihelion. The
curve, corrected to a standard earth distance, is based on observations of 11 perihelion passages
between 1937 and 1974. The broken black curve is the postperihelion luminosity expected if
comet’s fading mirrored its brightening. One magnitude equals a factor of 2.51 in brightness.
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REVOLUTIONS AROUND SUN

CHANGES IN THE PERIOD OF COMET ENCKE can be attributed to small cumulative
changes in the comet’s kinetic energy produced by the volatilization of gases from its surface.
The magnitude and direction of the jet forces acting on the comet vary enormously with the
comet’s distance from the sun and with the precession of the comet’s spin axis. The author
and Sekanina devised separate computer programs to integrate the effect of the jet forces acting
on Comet Encke from 1786 to 1977. The colored dots are the computed changes in the comet’s
period for each revolution. Black dots are extrapolations. Black bars are the actual changes
in the comet’s period averaged over four or five apparitions for each bar. Sekanina was as-
sisted in his calculations by Brian G. Marsden of the Smithsonian Astrophysical Observatory.
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the bulk density of a comet nucleus is
one gram per cubic centimeter, the
density of water. One can then use the
known velocity of the jet action to calcu-
late that the diameter of Comet Encke is
greater than 1.2 kilometers. Similarly,
one can use estimates of the loss of dust
made by Sekanina and Hans E. Shuster
to calculate that the diameter is proba-
bly less than 2.6 kilometers. Hence the
best estimate we can make at present for
the diameter of the nucleus of Comet
Encke is two kilometers. If that figure is
approximately correct, the nucleus re-
flects 25 percent of the incident sunlight
and is a dirty gray, about as one might
expect.

The loss of, say, two million tons of
ice per revolution corresponds to a mass
loss of only one part in 2,000, or an aver-
age radius loss of only 16 centimeters
per revolution, or 13 meters integrated
according to Comet Encke’s changing
brightness over the 59 revolutions since
the comet was discovered in 1786. The
shape of the nucleus would change very
little in that time, although it is perhaps
being flattened a bit because of the dif-
ferent rates of mass loss on its two hemi-
spheres. A mass loss of much less than
one part in 1,000 per period is all that is
needed to maintain Comet Encke’s ob-
served activity, its nongravitational mo-
tion and its spin-axis gyration.

Sekanina and I have attempted to de-
termine the period of rotation for
Comet Encke by a method I devised
three years ago. Many comets, including
Comet Encke, develop areas on their
surface that actively eject gas when the
rotation of the comet exposes those ar-
eas to the sun. The result of the periodic
ejection of gas is a series of concentric or
nearly concentric halos, some of which
can be measured on photographic im-
ages of the coma. Comet Donati, the
great comet of 1858, is the most con-
spicuous example. From measurements
of the diameter of such halos and a
knowledge of the expansion velocity as
a function of distance from the sun, one
can calculate “zero dates”: times when
the areas that eject gas are turned
toward the sun and become active. The
zero dates should be separated by multi-
ples of the period of rotation. Comet
Donati ran like clockwork with a period
of 4.6 hours for three weeks. Usually,
however, the observations are so scat-
tered and the uncertainties in the zero
dates are so great that several solutions
for the period will fit the observations.
From four apparitions of Comet Encke
in the 19th century and five in this centu-
ry we find a probable mean value of 6/,
hours for the rotation period of the com-
et’s nucleus. We consider this result in-
dicative but not definitive. There is also
some evidence for a shortening of the
rotation period of possibly 20 to 40 min-
utes per century.

With a period of 6/, hours and a di-
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NORTH CELESTIAL POLE
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POLAR MOTION OF THE SPIN AXIS of Comet Encke shows
wide excursions when it is plotted on the celestial sphere. Solid curve,

ameter of two kilometers the required
oblateness of the nucleus of Comet
Encke is only about .03. The meaning of
this figure is that the diameter of the
nucleus at the spin axis need be only 60
meters shorter than the diameter at the
equator in order to give rise to the ob-
served gyrations of the spin axis. Actual-
ly the nucleus is probably covered with
pits, craters, mounds and pedestals, so
that what is being discussed is only a

CONCENTRIC HALOS are sometimes observed in the coma, or dif-
fuse envelope, of a comet. They are evidently produced when the ro-
tating nucleus of the comet presents a particularly active surface to
the sun. The gas ejected from the active region forms halos at inter-
vals that coincide with the comet’s day. Perhaps the most remark-
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systematic trend in a very rough-hewn
body that averages out to be spherical
within 3 percent.

One may ask: If comets are only little
dirty snowballs, why is their study of
any importance with respect to the study
of other astronomical bodies? The an-
swer is straightforward. Comets clearly
represent the most primitive bodies left
over from the making of the sun and the
planets. The interstellar material that
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based on observations and computer studies, shows pointing direction
of spin axis from 1786 to 1977. The broken curves are extrapolations.

formed comets may never have been
heated significantly. Comets or bodies
like them were the building material of
the great outer planets Uranus and Nep-
tune. Hence the study of comets can be
expected to solve some of the puzzles
about the formation of the earth and the
rest of the solar system.

Another reason for studying comets
is their possible role in making life on
the earth possible. The conjecture is,

able halos were those of Comet Donati. These two drawings are based
on visual observations on successive days by G. P. Bond of the Har-
vard College Observatory in the year of the comet’s discovery, 1858.
The spacing of the halos indicates that the comet was rotating once
every 4.6 hours. Halos were generated like clockwork for three weeks.
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I would grant, controversial. The evi-
dence is nonetheless clear that when the
earth was young, it was too hot to hold
the primordial atmosphere supplied by
the coalescence of the nebula that gave
rise to the sun and the planets. Geolo-
gists have argued that the outgassing of
volatile substances from the earth’s in-
terior was sufficient to supply a second
atmosphere as the earth cooled. On the

EARTH AT \—‘

other hand, it is known that the earth,
like the other inner planets and the
earth’s moon, was bombarded during
the first half-billion years of its existence
by a huge number of smaller bodies, in-
cluding many whose composition must
have been cometlike. Comets could
therefore have supplied a not inconsid-
erable fraction of the water, nitrogen,
oxygen and carbon from which life on

TEMPEL 2
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the earth developed. Moreover, inter-
stellar dust and comets are believed to
contain a variety of organic compounds
that could provide a good start toward
the evolution of living organisms. Fred
Hoyle has speculated that life itself orig-
inated in “little warm pools” in comets.
One need not go that far to hope money
will be found to support a space mission
to examine a comet at close range.

TEMPEL 2
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SPACE MISSION TO TWO COMETS will be attempted in the near
future if Congress approves a pending proposal of the National Aero-
nautics and Space Administration. The key to the mission is an ad-
vanced propulsion system in which electricity from solar cells will
power a cluster of ion-drive rocket engines. After the spacecraft has
been lifted into earth orbit by the space shuttle and boosted to escape
velocity by a solid-fuel rocket the ion drive will take over and provide
continuous thrust for the rest of the three-year mission. If the space-
craft is approved, it will be launched in July, 1985. Four months later,
as the craft passes between the sun and Halley’s comet, it will drop
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off a probe aimed directly at the comet’s nucleus. The spacecraft will
continue on its course and rendezvous with Comet Tempel 2 in July,
1988, observing the comet from a distance of less than 2,000 kilome-
ters as the comet passes through perihelion. When the comet has pro-
ceeded farther along its orbit and has settled into a quiescent state,
the spacecraft will approach it close enough to be captured by it and
will circle its nucleus at a distance of 10 kilometers. After a year a
landing on the comet nucleus will be attempted. This illustration of
the mission was prepared with the help of Rolf C. Hastrup of the
Jet Propulsion Laboratory of the California Institute of Technology.
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How a $1.80 AMP fitting

helped take the kinks out of
a natural gas pipeline.

Many companies don’t call
AMP until they need connectors
or switches. But why wait till
then? If you involve us early
enough, for instance, in the
design stages, we can help save
you money. A lot of money.

Here’s a recent example:

Several years ago, a gas company
began converting their metal distri-
bution lines to plastic. To join the
pipe and make necessary repairs,
they were using a heat fusion
process. And that’s where they ran
into trouble.

The heat fusion method was
difficult to apply and test, especially
in bad weather. The result: Unreli-
able joints.

So they turned to us for a
better way.

After making an evaluation of
their problems, we recommended
AMP connector fittings. These
mechanical compression fittings can
be applied simply, with compact
tooling, even in inclement weather.

In their words, “The benefits
were immediate.”

Benefits that included a reduction
of their costs and repair time. Along
with improving the reliability of
repairs and new installations.

Can we produce the same kind
of results for you?

If your company manufactures
products that require connectors,
chances are the answer is yes. But it’s
important that you call us in eatly.

That's when our experience in
developing interconnection products
and application equipment for

hundreds of industries worldwide
can help you the most.

Early Involvement.

At AMP, we call this approach to
solving our customers’ problems
“Early Involvement.” It's our better
way. And it’s what makes a $1.80
AMP fitting worth so much more
than $1.80.

Ask for a copy of our brochure,
“AMP Has a Better Way.” Call (717)
564-0100, Ext. 8420.

Or write to AMP Incorporated,
Harrisburg, PA 17105.

AMP has a better way.

AMP

Barcelona ¢ Brussels * Buenos Aires ® Frankfurt ¢ Harrisburg ¢ Helsinki * s-Hertogenbosch ¢ London ¢ Luzern * Mexico City * Montreal
Paris * San Juan * Sao Paulo * Stockholm ¢ Sydney ¢ Turin ¢ Toronto ® Tokyo
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Cytochrome ¢ and the Evolution
of Energy Metabolism

The history of this ancient family of electron-transferring proteins

suggests that our metabolic ancestors may have been photosynthetic

bacteria for which respiration was only a standby energy mechanism

has had fantasies about time trav-

el, perhaps including being able to

go back in time to see what early life on
the earth was like and how it all started.
The urge to seek out beginnings is al-
most a compulsion in the human spe-
cies, and it has found outlets in religion,
in history and more recently in science.
One of the great attractions of Charles
Darwin’s theory of evolution was that
it provided a rational framework for
thinking about the available evidence
bearing on the history of life on the
earth. There are two kinds of classical
evolutionary evidence: information con-
cerning living organisms as they are to-
day and more fragmentary information
about earlier life that can be read in the
fossil record. In this article I shall report
recent efforts to enlarge the picture on
the basis of molecular evidence: the
three-dimensional folding and the ami-
no acid sequences of protein molecules.
The fossil story itself can be extended
back with reasonable confidence to the
beginning 600 million years ago of the
Cambrian period, an interval marked by
the explosive radiation of the metazoans
(multicelled organisms), which left easi-
ly discernible fossil remains. The Pre-
cambrian fossil evidence is harder to
get, but it is still informative. There are
fossils of a few soft-bodied metazoans
that go back to 800 or 1,000 million
years ago and of one-celled organisms
that may be eukaryotes (cells whose
DNA is organized within nuclei) as old

l 2verybody at one time or another

by Richard E. Dickerson

as 1.4 billion years. Traces of prokary-
otes (bacteria) go back 3.4 billion years.

Fossil vertebrates leave many traits
that can be compared and from which
evolutionary history can be deduced:
not only bone structures but also teeth,
imprints of skin or hair, fossilized stom-
ach contents and feces and even foot-
prints. Fossil bacteria, in contrast, often
leave nothing more than a shadowy out-
line of a cell boundary in microscopical-
ly thin sections of rock. This makes the
task of the evolutionary biologist much
harder. If eukaryotic life forms are dis-
tinguished by their anatomy, bacteria
are distinguished by their metabolism,
and metabolic pathways leave few fos-
sils. One can infer from deposits of sul-
fates, iron or carbonates that life forms
once existed for which these compounds
were end products, but this does not tell
one very much about either the life
forms themselves or their relationships.

And yet the situation is less bleak than
the foregoing might suggest. Over the
past 15 years an entire new body of evo-
lutionary evidence has come from stud-
ies at the molecular level: analyses of
the three-dimensional structure of pro-
teins and the sequence of amino acids in
them (and more recently of the sequence
of nucleotides in DNA). Organisms hav-
ing the same metabolism have the same
enzymes, and although in different or-
ganisms those enzymes function in the
same way and have quite similar three-
dimensional structures, they can differ
in details of the sequence of the amino

CYTOCHROME c;5;5; MOLECULE from the respiring bacterium Pseudomonas aeruginosa
has a rosette-shaped, iron-containing heme group wrapped in a protein chain consisting of 82
amino acids. Here the alpha carbon atoms (numbered) of the main chain of the protein and the
side chains that branch from them are colored (see key) to emphasize the way the heme group
is largely buried in the molecule’s hydrophobic (water-repellent) interior, with only one edge
exposed at a crevice facing the viewer; the more hydrophilic side chains are toward the outside
of the molecule, exposed to the aqueous environment. Here the main chain has been drawn in
simplified form, with amide linkages (-CO-NH-) between alpha carbons represented only by
stick bonds (white). The hydrogen atoms that are bonded to most carbon atoms are not shown.
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acid units along the protein chain, at
least in the less critical parts of the mol-
ecule. These differences in sequence
make it possible to construct a molecu-
lar “pedigree” diagram because the fur-
ther back in the past the ancestors of two
present-day organisms became separat-
ed, the more changes will have accumu-
lated in the amino acid sequences of
their proteins [see “Computer Analysis
of Protein Evolution,” by Margaret
Oakley Dayhoff, SCIENTIFIC AMERICAN,
July, 1969, and “The Structure and His-
tory of an Ancient Protein,” by Richard
E. Dickerson, SCIENTIFIC AMERICAN,
April, 1972]. The phylogenetic tree de-
rived for animals by comparing the se-
quences of any protein examined in de-
tail is essentially the same as the tree
built up over the past century by more
traditional methods. That gives one con-
fidence in the validity of using molecu-
lar data to study evolution. Now that the
method has been checked and found to
be valid in principle it can, with caution,
be extended back in time to the age of
the bacteria, where the traditional meth-
ods fail.

One of the most interesting problems
in the development of life on this
planet is to understand how organisms
have obtained, stored and consumed en-
ergy. A living cell, like Lewis Carroll’s
Red Queen, has to run at top speed to
stay in the same place. Without a con-
stant input of energy, either from an
outside source or from its own storage
reservoirs, it will die. The earliest forms
of life presumably were scavengers of
compounds with a high content of free
energy that had been formed by non-
biological means; the scavengers broke
these compounds down into molecules
with a lower free-energy content, which
they ejected as waste products, and con-
sumed the energy thereby liberated to
keep going. This is the process of fer-
mentation, which is still the source of
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THREE FUNDAMENTAL MECHANISMS of energy extraction and storage are glycolysis,
respiration and photosynthesis. Glycolysis, a molecular rearrangement with little change of ox-
idation state, releases some energy. In respiration much energy is emitted as carbon compounds
are oxidized. In photosynthesis energy is taken up and stored as carbon dioxide is reduced.

energy for anaerobic bacteria such as
Clostridium; glycolysis, the fermentation
of glucose, is the first step in the human
energy-extracting machinery. Photosyn-
thesis probably came next: the trapping
of solar energy to make molecules with
a high free-energy content and thereby
store energy for future use. Respiration
followed for some bacteria but not for
all; it made possible the extraction of a
maximum of energy from molecules by
combining them with an oxidant such
as sulfate, nitrate or molecular oxygen
(Oy) rather than merely breaking them
down into smaller pieces.

Glycolysis and respiration are the uni-
versal heritage of all eukaryotes today:
one-celled protists, plants, animals and
fungi. Among eukaryotes photosynthe-
sis is shared only by algae and green
plants. In order to look at the trial-and-
error process by which these metabolic
pathways first evolved one must turn to
an earlier era and to prokaryotes: the
bacteria. Comparisons of the structure
of a single protein, cytochrome ¢, as it is
found in a number of bacteria can act as
Ariadne’s thread, leading the biologist
through the labyrinth of bacterial evolu-
tion and suggesting a history for the ma-
chinery of energy storage and retrieval.

Energy storage during photosynthesis
involves the reduction of carbon dioxide
through the addition of hydrogen atoms
(or of equal numbers of protons and
electrons) and the removal of some oxy-
gen. Respiration, on the other hand, is a
process in which glucose or another or-
ganic molecule is oxidized, with hydro-
gens (or protons plus electrons) being
removed and transferred to an oxidant
such as molecular oxygen (O5). In either
case, reduction or oxidation, electrons
must flow, and proteins are needed to
accept the electrons and pass them along
the chain. One of the most conveniently
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studied of these proteins is cytochrome
¢, which is found almost everywhere
electrons are transferred in photosyn-
thesis or respiration.

When I wrote about the evolution of
cytochrome ¢ in Scientific American in
1972, molecular-structure studies of the
protein were still confined to the eukary-
otes. Now those studies have been ex-
tended back in time some two billion
years. Investigations carried out in my
laboratory at the California Institute of
Technology and in two other laborato-
ries have established the three-dimen-
sional structure of four cytochromes c in
bacteria by means of X-ray crystallog-
raphy, and a fifth such study is in prog-
ress; the amino acid sequences of almost
40 bacterial cytochromes have been de-
termined by Richard P. Ambler of the
University of Edinburgh, by Martin D.
Kamen of the University of California
at San Diego and by others. From these
structures and sequences and from what
has been learned about comparative
bacterial metabolism it is possible to
piece together a coherent picture of
the evolution first of photosynthesis and
then of respiration.

Cytochrome ¢ of the type considered
in this article is a heme protein in
which an iron-containing heme group is
almost completely enfolded in a protein
chain consisting of from 82 to 134 ami-
no acids. It serves as an electron shuttle
near the low-free-energy end of the elec-
tron-transport chain of photosynthesis
or respiration. In the respiratory chain
of eukaryotes cytochrome c¢ receives
electrons from a cytochrome reductase
complex containing several other cyto-
chromes, iron-sulfur proteins and lipids.
It passes electrons on to a cytochrome
oxidase complex, which ultimately uses
the electrons (along with protons from
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solution) to reduce oxygen to water. The
original source of reducing power that is
fed into the eukaryotic respiratory chain
is reduced nicotinamide adenine dinu-
cleotide (NADH), which is produced by
glycolysis and by the citric acid cycle,
the final common pathway for the ox-
idation of fuel molecules. The overall
reaction of the respiratory chain is
NADH + H+* + %,0, — NAD+ + H,;0.
Part of the 53 kilocalories of energy
per mole of NADH released by this re-
action is stored at three steps in the
chain by the synthesis of adenosine tri-
phosphate (ATP) molecules from aden-
osine diphosphate and inorganic phos-
phate. This storage of free energy in
ATP is really the rationale behind the
entire respiratory chain: the energy re-
leased as food molecules are broken
down is passed first to NADH and then
to ATP, and NAD+ is cycled back to
pick up more free energy.

Similar respiratory chains are found
in many bacteria. Some bacteria that
prefer oxygen can make do with nitrate
if they must; the change lies only in the
final cytochrome oxidase complex. Still
others, such as Desulfovibrio, carry out
an anaerobic respiration in which the
oxidant is sulfate and the waste product
is hydrogen sulfide (H3S) instead of wa-
ter. Cytochromes ¢ are present in all
these respirers.

Cytochromes c are also found in sim-
ilar positions in the electron-transport
chains of photosynthesis. The two-pho-
tocenter, water-splitting photosynthesis
that is familiar in green plants and eu-
karyotic algae occurs among prokary-
otes only in the cyanobacteria. All other
photosynthetic bacteria have only a sin-
gle photocenter; they are incapable of
using water as a source of hydrogen for
reducing carbon dioxide and must de-
pend on reduced sulfur compounds, hy-
drogen gas or organic molecules. They
all have electron-transport chains, how-
ever, and all those chains contain a cyto-
chrome c.

The contribution of X-ray structure
analysis in the past five years has been to
show that certain of these cytochrome ¢
molecules from each class of bacteria
are folded in an identical way, with only
the addition or deletion of loops of
chain at the surface of the molecule.
These identically folded cytochrome ¢
molecules make up a strikingly coherent
family of related proteins, whether the
electron-transport chains from which
they come are involved in photosynthe-
sis or respiration or both.

he heart of all these cytochrome ¢

molecules is the heme group: a por-
phyrin ring surrounding a central iron
atom. The outer electrons in the atoms
of the porphyrin skeleton are delocal-
ized, that is, they are free to wander
from one atomic center to another, rath-
er as they do in benzene or graphite; the



iron atom itself is a part of this delocal-
ized-electron system. An electron flow-
ing into the heme from one edge can
move freely to the central iron atom.
Conversely, if an electron is lost at one
edge, the vacancy can migrate (like a
bubble in a liquid) inward until it reach-
es the iron, making it into a ferric iron

SUCCINATE

atom (Fe*3) rather than a ferrous atom
(Fe*+2) as in the reduced heme iron. This
is now thought to be the way electrons
migrate into and out of cytochrome c:
through one exposed edge of the heme.

The heme is held rigidly within the
protein framework by four covalent
bonds. Two bonds connect edges of the
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.|

heme to sulfur atoms in the side chains
of two amino acids (cysteines) in the
protein; two more connect the iron itself
to a sulfur atom (in a methionine side
chain) and to a nitrogen atom (in a histi-
dine side chain) on each side of the pla-
nar heme. The two cysteines are separat-
ed by two other amino acids along the
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RESPIRATORY electron-transport chain in mitochondria, the en-
ergy-transducing organelles of eukaryotic cells (which is to say of all
life above the level of bacteria), delivers electrons (¢-) to a cytochrome
oxidase complex that combines the electrons with hydrogen ions (H/+)
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and oxygen to form water; energy extracted at three steps along the
respiratory chain phosphorylates ad diphosphate (ADP) to

form the cellular energy carrier adenosine triphosphate (ATP). Cyto-
chrome c (color) plays a central role in the electron-transfer process.
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PHOTOSYNTHESIS AND RESPIRATION are both carried out
by such purple nonsulfur bacteria as Rhodopseudomonas capsulata,
the electron-transport chain of which is shown here as it has been
proposed by Barry L. Marrs of the Saint Louis University School of

LIGHT ENERGY
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Medicine and Howard Gest of Indiana University. Here cytochrome
¢z can pass electrons not only to bacteriochlorophyll (to be energized
by light) but also to cytochrome oxidase (to reduce oxygen). With-
out bacteriochlorophyll loop, chain is similar to that of mitochondria.
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protein chain, and the histidine immedi-
ately follows the second cysteine. This
sequence, cysteine—X-Y-cysteine-histi-
dine, is one of the distinguishing charac-
teristics of a cytochrome of the ¢ type.
(The methionine ligand is much farther
along the chain, where it curls around to
the other side of the heme.)

The same heme is also present in he-

PSEUDOMONAS css1
82 AMINO ACIDS

11

CHLOROBIUM csss
86 AMINO ACIDS

PORTRAIT GALLERY OF CYTOCHROME c FAMILY on these
two pages displays the structure of the four bacterial cytochromes ¢
for which X-ray analyses have been completed, along with that of
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moglobin, but there it is held within the
protein framework in a different way.
The covalent attachments to cysteines
are missing, and only the histidine lig-
and is present. A heme has two polar
(water-attracting) propionic acid side
chains (-CHy-CHy—COOH) attached to
one edge. In hemoglobin these side
chains stick out into the aqueous sur-

PARACOCCUS css0
134 AMINO ACIDS

RHODOSPIRILLUM c2
112 AMINO ACIDS

L \/\

5?
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roundings, whereas the rest of the heme
is buried in a pocket formed by hydro-
phobic (strongly water-repellent) amino
acid side chains. This arrangement is the
stablest one from an energy standpoint,
and yet it is not what is found in cy-
tochrome c. Instead the heme is rotated
90 degrees, so that one propionic acid
group is just under the surface of the

23

tuna as a representative of the mitochondrial protein. Pseudomonas
and Paracoccus are respiring bacteria; Chlorobium is a photosynthet-
ic green sulfur bacterium, Rhodospirillum a purple nonsulfur bacteri-



molecule and the other group is deeply
buried.

A price in energy must be paid for
burying such a polar, water-attracting
group in the hydrophobic interior, and
the cytochrome molecule compensates
by forming hydrogen bonds between the
buried propionic acid and two large
amino acid side chains, those of tyrosine
and tryptophan (amino acids No. 48 and
No. 59 in the sequence determined for
the cytochrome ¢ of tuna). These two
hydrogen-bonded side chains are abso-
lutely constant among all eukaryotes—
animals, plants, fungi and protists—and
functionally equivalent groups are al-
ways found in bacteria as well. Why
should the heme in cytochrome ¢ be
positioned in this awkward and energy-
expensive way? The answer seems to
be that the position is required for the
proper flow of electrons in and out
through the exposed heme edge. If the
propionic acid groups stuck out from
the surface as they do in hemoglobin,
they would block the approach of other
large molecules that exchange electrons
with cytochrome c¢. Hence the heme is
reoriented by means of covalent and hy-
drogen bonds so that an edge with only
small, nonpolar groups is exposed. This
is a nice example of specialized molecu-
lar engineering: an inherently less-than-
optimum structure is built into the mol-
ecule to carry out a specific function.

he first cytochrome ¢ for which the
three-dimensional structure and the
amino acid sequence were determined
was the respiratory cytochrome c¢ of
horse, followed by those of two fishes:

TUNAc
103 AMINO ACIDS

the tuna and the bonito. X-ray structur-
al analyses have now been completed
for four cytochromes ¢ from photosyn-
thetic and respiring bacteria, and their
structures are shown, along with that
of the cytochrome ¢ of tuna, on these
two pages. The various bacterial cyto-
chromes ¢ have subscripts assigned ei-
ther for historical reasons (cg, for exam-
ple) or to indicate the particular mol-
ecule’s peak absorption frequency in
nanometers for visible light (css;, for
example). Pseudomonas and Paracoccus
are respiring bacteria that can exploit
either oxygen or nitrate for oxidation,
Chlorobium is a green sulfur photosyn-
thetic bacterium and Rhodospirillum is a
purple nonsulfur photosynthetic bacte-
rium. In Pseudomonas, Paracoccus and
tuna the role of the cytochrome ¢ as an
electron carrier is strictly respiratory, in
Chlorobium it is strictly photosynthetic
and in purple nonsulfur bacteria the
same electron chain and cytochrome c;
function in both photosynthesis and res-
piration.

The folded ribbons in these diagrams
represent the path of the protein chain,
each fold indicating an alpha-carbon
atom with its amino acid side chain. Side
chains are numbered sequentially (and
independently in each molecule) from
the amino terminus of each protein. The
flat, colored slab is the heme group seen
edge on, with its histidine and methio-
nine ligands to the right and left and its
propionic acid side chains extending
downward. All these molecules have
similar chain folding and side-group
packing around the heme, but the ex-
tended loops of chain at their surfaces

um able to photosynthesize and respire. The protein chain is represented here as a folded rib-
bon, with an amino acid side chain at each fold. The heme group (color) is seen edge on. The
molecules fall naturally into three structural classes: short (S), medium (M) and long (L).
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differ in detail. The molecules fall natu-
rally into three structural subfamilies.
The short (S) cytochromes ¢ (Pseudomo-
nas and Clilorobium) lack the loop of
chain that builds the bottom of the mol-
ecule in the others (roughly from amino
acids No. 37 through No. 59 in the tuna
numbering system). The medium (M)
cytochromes ¢, represented here by the
cytochrome c of tuna, are the type found
in mitochondria, the respiratory organ-
elles of all eukaryotic cells. The long (L)
cytochromes ¢ have additional loops of
chain inserted in the vicinity of amino
acids (in the tuna system) No. 54 and
No. 77, and sometimes near amino acid
No. 23.

The Rhodospirillum structure was de-
termined by F. Raymond Salemme and
Joseph Kraut at the University of Cal-
ifornia at San Diego, and that of Chlo-
robium by Zbigniew R. Korszun and
Salemme at the University of Arizona.
The structures of the tuna, Pseudomonas
and Paracoccus molecules were deter-
mined respectively by Tsunehiro Taka-
no and his co-workers, by Robert J.
Almassy and by Russell Timkovich in
the author’s laboratory at Cal Tech. An
analysis of photosynthetic cytochrome
¢s54 from the cyanobacterium Anacystis
nidulans by Martha L. Ludwig at the
University of Michigan is far enough
along to show that it clearly belongs to
the S class.

The similarities among the five mole-
cules illustrated are even greater than
can be shown on simplified folding dia-
grams. The same kinds of hydrophobic
amino acids, either aliphatic (straight-
chain) or aromatic (ring), tend to be
packed around the heme at correspond-
ing positions, both in three-dimensional
space and in amino acid sequence, in
each of the five molecules. These amino
acids are shown in orange and red in the
detailed drawing of Pseudomonas css;
on page 136. For example, the M and L
cytochromes ¢, ¢z and c¢s5 all have a
cluster of three aromatic amino acids at
the bottom of the molecule (Nos. 46,
48 and 59 in the tuna numbering sys-
tem), three more to the left of the heme
(Nos. 67,74 and 82) and two more to the
upper right (Nos. 10 and 97). Some of
these amino acids are invariant; others
vary between tyrosine and phenylala-
nine, with tryptophan occasionally sub-
stituting. With one or two exceptions in
bacteria, they all come at exactly the
same positions along the protein chain.

The pattern of aromatic amino acids
is more varied in the S class, but the two
at the upper right seem to be quite im-
portant (tyrosine Nos. 10 and 80 in ¢ss5,
or phenylalanine No. 7 and tryptophan
No. 77 in css), as is the presence of
something at the bottom of the molecule
that can form a hydrogen bond with
the heme’s buried propionic acid. Cyto-
chromes ¢s55 and cs5; solve this bottom-
bond problem in different ways. In Chlo-
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robium css5 tryptophan No. 34 occupies
the same position along the amino acid
chain as tryptophan No. 59 does in tuna,
if allowances are made for chain dele-
tions at the bottom of cs55. In c55, from
various pseudomonads this tryptophan
is gone, having been replaced by tyro-
sine, phenylalanine or asparagine. In-
stead an entirely unrelated tryptophan
No. 56 (corresponding in sequence to
the amino acids in the middle 70’s in
tuna) reaches back from the bottom
front of the molecule to make a com-
pensating hydrogen bond with the bur-
ied propionic acid. The cytochrome ¢
family as a whole is an example of diver-
gent evolution: divergence from a com-
mon ancestral gene. Tryptophan No. 56
in ¢55, and tryptophan No. 34 in ¢555 pro-
vide a minor example of convergent ev-
olution: arrival at the same structural
solution by way of different evolution-
ary paths.

On pages 146 and 147 are tabulated
the amino acid sequences of pro-
karyotic cytochromes ¢ that belong to
this particular evolutionary family. The
name cytochrome cis given to any heme
proteinthat shows a particular spectrum
in the reduced state, and this spectrum

CYSTEINE
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STRUCTURE OF HEME and its attachments to the protein chain
of cytochrome c are shown. The face view (/eft) shows how the central
iron atom is attached to four nitrogen atoms within the planar heme
ring; as is shown in the edge view (right), the iron also has bonds to the
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arises from the particular side groups on
the heme and from the heme’s covalent
cysteine- X-Y-cysteine-histidine attach-
ment to the protein chain. Not all such
cytochromes c¢ are necessarily related,
however, by the sharing of a common
ancestral gene. In the cytochromes ¢’
found in some photosynthetic bacteria
the heme is attached near the carboxyl
end of the protein chain rather than at
the beginning and there is no sixth bond
to a methionine. The cytochromes c3
in sulfate-respiring bacteria have four
heme groups attached to the same chain.
Still other cytochromes ¢ are also flavo-
proteins. None of these has been shown
to be evolutionarily related to the cyto-
chromes c¢ of this article, which can be
classified as an interrelated evolutionary
family on three lines of evidence: their
great similarity in amino acid sequence
and three-dimensional folding and their
common role near the low-free-energy
end of photosynthetic and respiratory
electron-transport chains.

In the sequence table Paracoccus,
Pseudomonas, Azotobacter and Micrococ-
cus are respiring bacteria. Rhodospiril-
lum, Rhodopseudomonas and Rhodomi-
crobium are the three genera of the fami-
ly Rhodospirillaceae. Spirulina and. An-

MOLECULAR SURFACE
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acystis are cyanobacteria and the oth-
er entries classified with them are eu-
karyotic algae. Chlorobium and Prosthe-
cochloris are green sulfur bacteria. The
cytochromes ¢ from different Rhodospi-
rillaceae are quite diverse, with exam-
ples in all three size categories, L, M and
S. Those from respiring organisms are
thoroughly mixed in with them. Para-
coccus csso is distinguished from the ¢y
only by being the longest of the L class,
tuna ¢ is among the M sequences, and
Pseudomonas css sequences make up
most of the S group. The cytochromes
from cyanobacteria and eukaryotic al-
gae have been segregated into a separate
S* class because their sequences are very
different from -those of S even though
their chains are of similar length.

In the table the sequences have been
arranged so that regions of correspond-
ing structure (and therefore presumably
regions that were transcribed from cor-
responding portions of the gene encod-
ing the protein) are aligned vertically
above one another. The alignment could
not have been done correctly until the
three-dimensional structures of the five
cytochromes were known. Biochemists
are not yet clever enough to predict
folding successfully from sequence data

HISTIDINE

sulfur atom of a methionine side chain on the protein and to the nitro-
gen atom of a histidine. The heme is also attached to the protein chain
covalently through the sulfur atoms of two cysteines. Electrons are
“delocalized” within the porphyrin skeleton (colored region at left).



SCIENCE. SCOPE

A new weapon guidance system uses satellite radio signals to accurately guide
medium-range tactical missiles to targets on land or at sea. The on-board sys-
tem determines a missile's precise position and velocity anywhere on earth by
calculating the time it takes signals from four NAVSTAR Global Positioning Sys-
tem satellites to reach the weapon. The information is used to correct the mis-
sile's inertial navigation computation. The technique offers several advantages
over conventional guidance methods, including simplicity, stealth, and the
flexibility to fly over any terrain. A missile launched beyond enemy defenses
would be hard to detect on enemy radar because the missile would emit no tell-
tale radar signal. Hughes is developing the system for use by the U.S. Air
Force in the late 1980s.

Lasers, though generally considered to be exotic devices, are finding greater
uses in everyday manufacturing. One such application using a Hughes helium-neon
laser is looking for defects in bottles. The laser scans the bottles while sen-
sors on the opposite side detect the amount of light that passes through. Too
much light indicates the glass has a hole, is too thin, or lacks proper color.
Too little light means the glass is cracked, too thick, or colored too dark.
Hughes, which achieved the world's first laser action in 1960, today is one of
the world's largest suppliers of helium-neon lasers for industry.

A new liquid-crystal reticle for a gunner's telescopic sight is significantly
smaller and less expensive than the mechanical devices now used in fire control
systems on military vehicles. The computer-generated crosshairs move on two
axes to provide an accurate aim point for the gunner. The all-digital device
has no moving parts and has a flexible format for numerical displays. Hughes
is developing the reticle under contract to the U.S. Army.

"High technology" best describes the products, environment, and production pro-
cesses of the manufacturing division of Hughes Electro-Optical and Data Systems
Group. Our major programs include laser rangefinders and designators, thermal
imaging systems, and missile launching systems. We have immediate openings for
experienced or graduating engineers who seek the challenge and satisfaction of
advanced production methods, including computer-aided manufacturing. Send your
resume to Dan 0'Daly, EDSMD Professional Employment, P.0. Box 92746, Dept. SE,
Los Angeles, CA 90009. Or call (213) 641-5510 collect. Equal opportunity M/F/HC.

Sensitive missile electronics can now be protected from searing heat by a device
with no moving parts or electrical connections. The device, a thermal diode
heat pump, is a closed metal tube containing metal mesh that circulates fluid
via capillary action. During subsonic flight, the heat pipe cools missile
electronics by pumping heat to the skin of the missile. Air flow carries the
heat away. During supersonic flight, the heat pipe protects the internal
electronics by absorbing heat from the hot surface of the missile. The thermal
diode, built by Hughes, is being installed in the U.S. Air Force's High-speed
Anti-Radar Missiles (HARM).

Creating a new world with electronics
' 1
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: HUGHES
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HUGHES AIRCRAFT COMPANY
CULVER CITY.CALIFORNIA 90230
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alone, even though all the information is
in principle present there (since the se-
quence determines the way a protein
chain folds). Before the X-ray analyses
were done four groups of investigators
tried independently to find the correct
alignment for the sequences of c¢s5, on
the one hand and of ¢ and ¢, on the
other. The groups arrived at different
results, all of which were shown by the
structural analysis of cs5; to have been
wrong.

Without the three-dimensional struc-
tures the problem of where to place the
massive deletions in the cs5 sequence
was insurmountable, but with the struc-
tures in hand it became trivial: it was the
location of the folds, as revealed by the
X-ray map, that made it clear which
part of the tuna molecule had to be
“removed” to make it fit the cs5, map.
This illustrates a basic principle: At
the present level of understanding of
protein folding, the three-dimensional
structures of molecules are better guides
to similarities between distantly relat-
ed proteins than the amino acid se-
quences are.

Two points in the sequence table are
interesting for the light they shed on the
history of gene duplication. Rhodospiril-
Ilum molischianum and R. fulvum each
have two slightly different cytochromes
¢y, the products of different genes; they
are designated isozymes 1 and 2. Each
isozyme is more like the corresponding
one from the other species than the two
isozymes in the same species are like
each other. This suggests that the dupli-
cation leading to the isozyme-1 and iso-
zyme-2 genes took place before the sep-
aration of the two species. Pseudomonas
aeruginosa has, in addition to its cs5;, a
cytochrome ¢4 that is a double-length
molecule with two heme attachments
and two liganding methionines. Each
half of the ¢4 sequence fits well with the
other cytochromes in the table, suggest-
ing that this protein is a result first of
gene duplication and then of a mutation
that deleted the “stop” signal between
the two genes, so that the two sequences
are now transcribed as one continuous
message. The duplication must be an-
cient, since the first half of the Pseudo-
monas c4 is more like the sequence of

PHOTOSYNTHESIZERS

A.GREEN PHOTOSYNTHETIC BACTERIA

1. GREEN SULFUR BACTERIA (CHLOROBIACEAE). |

One photocenter.

Source or reducing hydrogens: hydrogen sulfide, sulfur, thiosulfate or molecular hydrogen

| Emit as by-product: sulfate.
Strictly anaerobic; cannot respire.

N

| One photocenter.

. GREEN FILAMENTOUS BACTERIA (CHLOROFLEXACEAE)

Source of hydrogens: hydrogen sulfide and organic molecules.

Aerobic; oxygen respiration.

B.PURPLE PHOTOSYNTHETIC BACTERIA

1. PURPLE SULFUR BACTERIA (CHROMATIACEAE).

One photocenter.

Source of hydrogens: hydrogen sulfide, sulfur, thiosulfate or molecular hydrogen; |

in some cases also organic molecules.
Anaerobic; cannot respire.

N

One photocenter.

. PURPLE NONSULFUR BACTERIA (RHODOSPIRILLACEAE).

Source of hydrogens: mainly organic molecules, in some cases also hydrogen sulfide, but not sulfur.

Aerobic; oxygen respiration.

C.BLUE-GREEN ALGAE (CYANOBACTERIA).
Two photocenters.
Source of hydrogens: water.
Emit oxygen as by-product.
Aerobic; oxygen respiration.

NONPHOTOSYNTHETIC RESPIRERS

Reduce sulfate to hydrogen sulfide.

B.OXYGEN RESPIRERS (MANY BACTERIA).
Reduce oxygen to water.

can also use nitrate as oxidant.

May be only distantly related to photosynthetic bacteria.

A.SULFATE RESPIRERS (DESULFOVIBRIO AND OTHERS).

S—

Several lineages probably evolved from one or another of the photosynthetic bacteria. Some J

PHOTOSYNTHESIS IS FOUND in three groups of bacteria: the green, the purple and the
blue-green photosynthesizers. Some members of each group can also respire, and respiration
is a key energy-producing mechanism for other groups of bacteria that are not photosynthetic.
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Micrococcus css4 than it is like its own
second half.

For closely related protein sequences
a “difference matrix” showing the
number of amino acid differences in all
pairwise comparisons of sequences is ef-
fective for evaluating the degree of re-
latedness and as a starting point in con-
structing phylogenetic trees of the host
organisms. This approach has been pur-
sued with success by Walter M. Fitch,
Emanuel Margoliash, Morris Good-
man, Margaret Dayhoff and others. For
more distantly related sequences an
“identities matrix” is better. It avoids
the difficult question of whether to treat
a long deletion as one evolutionary
event or many events, and it provides a
measure of how nearly identical two se-
quences are in the regions of chain they
have in common.

A condensed version of an identities
matrix is shown on page 153. Instead of
giving the number of amino acids that
are identical in individual sequences the
table shows the averaged values for all
six cytochromes in the L class, all nine in
M, all eight in S and all seven in S*; the
scatter of numbers within each category
is small compared with the differences
between categories. The table shows
each of the structural classesL, M, S and
S™ also to be a legitimate class in terms
of sequence, because the sequences
within any one class are identical (on the
average) at more than 43 positions,
whereas the number of identities be-
tween chains in different classes is con-
siderably smaller. Only the L and M
classes are so similar that one might be
tempted to group them into one catego-
ry with 38 or more identities, but this is
ruled out by the presence of extra loops
of chain at specific positions in the long
cytochromes.

The large difference between the S
and the S* sequences in spite of the two
groups’ similarity in size is not surpris-
ing when one considers their origin. The
S cytochromes are found in pseudomo-
nads and purple photosynthetic bacte-
ria, whereas the S* ones are in cyanobac-
teria and eukaryotic algae. The small
cytochromes css5 from green photosyn-
thetic bacteria are quite distinct from all
of these. Least similar of all, in sequence
as well as source, is the cytochrome c;ss53
from the sulfate-respiring Desulfovibrio.
Yet the sequence alignment suggests
that even this cytochrome may have the
same chain folding as the others. An X-
ray analysis is needed to settle the point.

All these cytochromes, regardless of
their origin or their metabolic function,
appear to belong to one evolutionari-
ly related family of protein molecules.
Furthermore, they occupy similar posi-
tions in their respective electron-trans-
port chains: they are preceded by flavo-
proteins, quinones, iron-sulfur proteins
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With the Celica Supra, you can
enjoy sporty performancein richly
deserved comfort.

As prominent automotive critic
Wade Hoyt wrote, “The Toyota Celica
Supra is proof that a sports car need
not look or ride like a packing box on
roller skates”’

He praised the 2.6 liter 6-cylin-
der engine and Supra’s Bosch-
designed fuel injection system “that
provides easy start-ups and
stumble-free acceleration through all
kinds of weather”

Power assisted disc brakes on
all four wheels, and manual 5-speed
overdrive transmission (all standard)
contribute to Supra’s responsiveness.

Hoyt added, “The piéce de résist-
ance is the optional automatic trans-
mission with four forward speeds,
rather than the usual three. Itis the
latest and the best in a new genera-
tion of ‘smart’ automatics that no car
enthusiast need be ashamed of”

With pleasurable power comes
powerful pleasures. And the list of
standards is incredible. Like power

>
TOYOTA

steering, air-conditioning, tilt steer-
ing wheel, AM/FM/MPX four speaker
stereo, a six way adjustable driver's
seat and an extendable map light.
While everything from quartz halo-
gen high beam headlamps to a time
delay illuminated entry are standard,
you may wish to indulge in cruise
control, even glove leather seats!
The Toyota Celica Supra. It's a
powerful pleasure that has grown
up for the likes of you.

—_

THE CELICA SUPRA.
THE SPORTS CAR HAS GROWN UP
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HYDROPHOBIC, AROMATIC RINGS HYDROPHILIC, BASIC

BBl  PHENYLALANINE [A] HisTIDINE
Il RyPTOPHAN MONOMETHYL LYSINE
B TvRosINE [K] Lvsine
HYDROPHOBIC, NOT AROMATIC ARGININE
ISOLEUCINE HYDROPHILIC, ACIDIC
LEUCINE B8 AsearTicAcD
METHIONINE BBl cLutamicaciD
v vaune
AMBIVALENT (HYDROPHOBIC BUT SMALL, OR POLAR BUT UNCHARGED)
[A] Awanne
B ASPARAGINE OR ASPARTIC ACID
(6] cvstemne
[N} ASPARAGINE
PROLINE
(@] cLutamine
(8] serne
[F] THREONINE
[[Z]] GLUTAMINE OR GLUTAMIC ACID
AMBIVALENT (NO SIDE CHAIN)

[e] aLvoine

Paracoccus denitrificans Cs,
Rhodopseudomonas sphaeroides C,
Rhodopseudomonas capsulata C,
|_ Rhodospirillum rubrum c,
Rhodospirillum photometricum C,
Rhodopseudomonas palustris C,

Rhodopseudomonas acidophila C,
Rhodopseudomonas viridis C,
TUNAC

Rhodomicrobium vannielii C,

M Rhodospirillum molischianum C,, iso-1
Rhodospirillum fulvum C,, iso-1
Rhodospirillum molischianum C,, iso-2
Rhodospirillum fulvum C,, iso-2
Rhodopseudomonas globiformis C,

Rhodospirillum tenue Cg,
Rhodopseudomonas gelatinosa Cg,
Pseudomonas aeruginosa Csg,
Pseudomonas fluorescens Cis,

S Pseudomonas stutzeri Cgs,
Pseudomonas mendocina C,
Pseudomonas denitrificans Cgs,
Azotobacter vinelandii C.s,

Spirulina maxima Cis,
Anacystis nidulans Css,
*  Alaria esculenta f
S Porphyra tenera f
Bumilleriopsis filiformis f
Monochrysis lutheri f
Euglena gracilis f

Halotolerant Micrococcus Cqe,
Pseudomonas aeruginosa C,, 1st half Al
Pseudomonas aeruginosa C,, 2nd half s
Pseudomonas mendocina C, AASAGGG
Chlorobium thiosulfatophilum C
Prosthecochloris aestuarii Cggg AGI

Desulfovibrio vulgaris Cis, ADGAALY--KSCIGCHSADG

AMINO ACID SEQUENCES are given on these two pages for 36 dence from X-ray structural analyses, so that structurally equivalent

related bacterial and algal cytochromes ¢ and for the mitochondrial regions of the chain are aligned vertically. The numbering along the
cytochrome ¢ of tuna. The sequences have been arranged, on evi- top of the table is that of the tuna sequence, and a skeletal model of
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and cytochromes b and are followed by
cytochrome oxidase or bacteriochloro-
phyll. It seems probable that the cyto-
chromes are related because the elec-
tron-transport chains of which they are
a part are also related, which implies
that the electron chains of photosynthe-
sis and of respiration have a common
origin.

To learn more about this point one
should obviously go to the bacteria
that can both photosynthesize and re-
spire, and of these most is known about
the Rhodospirillaceae, or purple nonsul-
fur bacteria. Parts of the electron-trans-
port chain of Rhodopseudomonas cap-
sulata, including cytochrome ¢, are
shared by both metabolic processes [see
lower illustration on page 139]. Light-
excited bacteriochlorophyll feeds elec-
trons into a ubiquinone pool from which
they pass to cytochromes b and ¢, and
back to the chlorophyll again, with the
absorbed light energy utilized to synthe-
size ATP. Organic molecules such as
succinate can feed reducing equivalents

into the pool, and these can serve to re-
duce NAD+ to NADH with the help of
driving energy provided by ATP; this
reduction of NAD+ with electrons from
the ubiquinone pool is called reversed
electron flow. This combination of cy-
clic photophosphorylation and reversed
electron flow, however, is not the whole
story. NADH from glycolysis or from
the citric acid cycle can also (as it does in
the mitochondrialrespiration of eukary-
otic cells) feed reducingequivalents into
the ubiquinone pool. At the low-free-en-
ergy end of the chain cytochrome ¢; can
pass electrons to a cytochrome oxidase
complex as well as to bacteriochloro-
phyll, and this oxidase can reduce oxy-
gen to water, just as in mitochondrial
respiration. In fact, if the bacteriochlo-
rophyll electron loop is deleted, the elec-
tron-transport chain is virtually identi-
cal with the chain of mitochondrial res-
piration.

It seems likely that some of the purple
sulfur bacteria (Chromatiaceae) first de-
veloped the ability to obtain reducing
equivalents from organic matter. That

freed them from dependence on sulfides
and turned them into the ancestors of
the purple nonsulfur bacteria (Rhodo-
spirillaceae). Some of the latter then “in-
vented” respiration by adapting a heme
protein as a bridge to carry electrons
from the photosynthetic loop to oxygen.
This invention would have come about
in response to the gradually increasing
availability of free oxygen in the atmo-
sphere, itself a product of water-split-
ting photosynthesis by cyanobacteria.
The cytochromes of bacterial oxi-
dases are more diverse than the other
components of electron transport. They
include cytochromes a (as in mitochon-
dria), b, 0 and ¢d; many bacteria have
both cytochromes a and o and oth-
ers have both a and cd. Moreover, as
Kamen has pointed out, bacterial cy-
tochromes ¢, generally exhibit good
reactivity with mitochondrial reductase
but poor reactivity with mitochondrial
oxidase. That is just what would be ex-
pected if the reductase was a common
evolutionary heritage whereas the oxi-
dases were more diverse. Perhaps this

100
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the tuna molecule is shown (top left) to relate the sequences to the
shape of the molecule. The key gives both the one-letter designation
for each of the 20 amino acids (and for a variant, monomethyl lysine)

and the color code, which groups the amino acids according to their
chemical type. The retention of chemical character at correspond-
ing sites in the molecules is revealed by the vertical bands of color.
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diversity reflects the late, add-on charac-
ter of the oxidase shunt, a short circuit
from cytochrome c to oxygen. All that
would be needed to turn one of the ver-
satile Rhodospirillaceae such as R. cap-
sulata into the ancestor of some of the
present-day respiring bacteria would be
a mutational deletion of the photosyn-
thetic side of the machinery at a time
when the oxygen concentration in the
earth’s atmosphere had increased to the
point where the bacterium could survive
on respiration alone.

hese relations between photosyn-
thetic and respiratory bacteria can
be summarized in a metabolic phyloge-
netic tree [see illustration on opposite
page). It is based on everything we can
learn about comparative bacterial me-
tabolism, not just on cytochrome se-
quence and structure data. It helps to
make what we can observe about these
cytochromes understandable;indeed, the
tree diagram tells us more about cyto-
chrome structures than those structures
tell us about how to construct the tree.
The earliest photosynthetic bacteria
to leave modern descendants probably
were the green sulfur bacteria, photore-
ducing NAD+ directly to NADH with
the aid of hydrogens from hydrogen sul-
fide (H3S) and releasing sulfate into the
surroundings as a by-product. They ap-
parently did not have the familiar Cal-
vin-Benson cycle for fixing (reducing)
carbon dioxide and may have relied in-
stead on something like the mitochon-
drial citric acid cycle run in reverse: the
reductive tricarboxylic acid cycle. Some
opportunistic neighbors, not necessarily
closely related, then found ways to prof-
it by exploiting this sulfate as an ox-
idant, leading to today’s Desulfovibrio.
The Calvin-Benson cycle developed in
the line that led to the purple and blue-
green photosynthetic bacteria. Once
supplied with the energy from two pho-
tocenters, the ancestors of the blue-
greens (cyanobacteria) were able to re-
place hydrogen sulfide with a weaker

PHYLOGENETIC TREE traces the evolu-
tion of bacterial photosynthesis and respira-
tion. According to this proposal by the au-
thor, sulfate respiration (yellow) evolved in
response to sulfate-releasing photosynthesis
(green and purple) early on the primitive earth,
just as oxygen respiration (blue) evolved later
after oxygen-releasing photosynthesis (blue-
green) had created an oxygen environment.
Oxygen respiration arose independently in
several lines of photosynthetic bacteria that
adapted aheme protein toshunt electrons from
the photosynthetic electron-transport chain to
oxygen instead of to bacteriochlorophyll. Five
clearly established cytochrome ¢ structures
are shown, as is a sixth structure (for a cy-
tochrome c554 from a cyanobacterium) that
has been determined only at low resolution.

We couldn’t buy the qualégr
of duffle luggage we wanted,
so we made it!

omewhere, we probably

could have found some-

one to make our luggage

designs. But the cost
would have been half again as
much. So we decided to make
them ourselves.

Our little plant in Boscobel,
Wis. (pop. 2,115), turns out 133
different duffle luggage items.
Every one has to meet our tough
standards in the way it performs,
not just the way it looks.

Executive Set, $99.50

Like these three executive duf-
fles, in British tan and coffee
brown. Made of tough 18 oz.
cotton canvas, they’re the perfect
business luggage. Each one’s a
great value on its own. Or you
can get all three, including
matching strap
and mono-
gramming,
for only

Lands’ End®

The easy way to shop, toll-free.

800-356-2931

$99.50. That’s a $133.50 value.
Unconditional Guarantee
And every duffle luggage item
is unconditionally guaranteed. If
for any reason, at any time,
you’re not completely satisfied,
return it for a full refund.
Call toll-free
So call our toll-free number
and charge an Executive Set or
an individual bag. Or call if you
have a question. One of our cus-
tomer service people will be
happy to take your order. No
forms, no checks, no waiting.
We’ll ship your order in 24 hours
(monogramming takes longer).
Free catalog
Or call for our free catalog of
quality outdoor clothing, acces-
sories, gifts, and our own famous
duffles and canvas luggage.
Experience the difference of
shopping Lands’ End.

The Captain’s Wardrobe. $55.00.

Copyright 1980, Lands’ End, Dodgeville, W 53533
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Responsive Technology for the Aerospace Industry

Perkin-Elmer minicomputers
“shuttle” astronauts into space

When the NASA Space Shuttle goes
into orbit for the first time, the pilot
and crew will feelthat they've been
through it all many times before.

In a sense, they have—at the
Johnson Space Center, where they
are training in one of the most ad-
vanced flight simulators ever built. At
the heart of the simulator are 23

Minicomputers give crew
the “feel” of real flight.

Perkin-Elmer 32-bit minicomputers

which deliver the real-time response
needed to create a true sensation of
flight. They also control and coordi-

nate the simulation from takeoff

to landing.

The simulator windows are actually
high-resolution video screens. When
the pilot moves the stick, feedback
control coordinates video imagery
with the motion of the simulator.
Crew members see, hear and feel
the changes their actions cause—
the jerks and bumps, for example,
as thrusters are fired or air brakes
let out.

The minicomputers also create
appropriate instrument readings and
simulate ground communication
links. They can eventiethe “flight”
into NASA's worldwide communica-
tions network.

The high-speed data acquisition
capability of Perkin-Elmer’s 32-bit
computers makes them ideal for the
heavy input/output load of real-time,
event-driven simulations. The unigque
Perkin-Elmer shared memory

Simulator allows the
crew to practice such tasks as
launching the Space Telescope

permits up to 14 computers to share
acommon memory; if one or more
units become overloaded, others
can pick up the workload

More than 25 commercial and mil-
itary training simulators are now
equipped with Perkin-Elmer 32-bit
computers. Several computers have
been ordered by the European
Space Agency to simulate experi-
ments to be carried into space by
NASA's Shuttle.

Sharp new eyes warn against
laser-guided weapons

Highly accurate laser-guided
weapons pose a new kind of threat
to military aircraft, tanks and ships.
Effective countermeasures depend
onfastdetection and identification of
the laser beams such weapons use
to “zeroin” on their targets.

Etalon, the “eye”that identifies
the laser beam. is the small rectangle
inthe center of the detector array.

© 1980 SCIENTIFIC AMERICAN, INC

A compact laser warning receiver
‘ developed by Perkin-Elmer provides
| this kind of information swiftly and
| accurately. The receiver measures a
laser beam’s direction, wavelength,
| intensity and modulation character-
[ istics. Its basic optical component is



a small interferometer
called an etalon. The etalon
refracts and reflects incom-
ing laser lightto form an
interference pattern that is
actually a unique identifying
signature for each laser
beam. It rejects false signa-
tures such as light from the

Magnified section of detector array
in laser warning receiver.

sun, lightning, searchlights, flares
or explosives.

The laser warning receiver is not
only efficient but, because of its
modular construction, economical
to manufacture. It is built with low-
cost optical elements and repro-
grammable microprocessor logic.

Plasma spray is a life saver
for thousands of jet engine parts

When jet engines run, their finely
machined parts encounter a variety
of wear conditions. A process called
plasma spraying — pioneered by
METCO, aPerkin-Elmer subsidiary—
prolongs the life of original parts and
quickly restores worn parts to orig-
inal dimensions

In plasma spraying, a gas ionized
by an electric arc creates a high-
velocity plasma stream whose tem-
perature can exceed 30,000°F.

A powdered material is melted in the
hot plasma and propelled onto a
surface where it bonds and rapidly
builds up to the required thickness.

The dense coating has superior
resistance to wear and, in some
cases, to corrosion and high temper-
ature. For example, parts made of
titanium, which has an excellent
strength-to-weight ratio but virtually
no wear resistance, can be protected
with a material such as tungsten car-
bide. In higher temperature areas,
chrome carbides are used.

Major jet engine manufacturers
use this process to coat a number of
components. And airline mainte-
nance shops around the world re-
build more than 2,000 worn parts
with plasma spraying to reduce
downtime.

Powder

Coolant

Plasma spray coatings are produced by injecting a powder
into a plasma gas stream. The powder particles are melted

and projected onto the surface being coated.

METCO's latest development is a
vacuum-chamber plasma spray sys-
tem, which opens up the potential for
applying protective coatings in areas
of high-temperature corrosion,
such as turbine seals, blade tips and
turbine airfoils.

Other industries with similar
problems can follow the airlines’
example.

Plasma coatings are finding in-
creasing use in the automotive,chem-
ical, mining, paper, power generating
and textile industries.

PERKIN-ELLMER

With plasma spraying, these users
can stretch service life and reduce
maintenance for parts subjected to
heat, wear and corrosion.

AR TR o T AT T L VRN ek B TS

ForMore Information
If you would like to learn more
about these products, please write:
Corporate Communications,
Perkin-Elmer, Main Avenue,
Norwalk, CT 06856.
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WHAT DO
THESE CITIES HAVE IN COMMON

Large and small communities across America are doing something about their future. You'll find pleasantly landscaped
trees, shrubs and nature areas that offer beauty and pleasure in an urban setting.

Because they care for trees and their environment, these communities have been recognized as a TREE CITY USA. To
qualify, each city had to meet four basic standards: An active community forestry program, a legally constituted tree board,
a city tree management ordinance, and an annual Arbor Day observance.

If your city meets these standards, it can qualify as a TREE CITY USA. If it doesn’t qualify, we'll show you how it can. Contact
the mayor of your community (or your local or state forester) or write:

The National Arbor Day Foundation, Arbor Lodge 100, Nebraska City, Nebraska 68410
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but much more plentiful reductant: wa-
ter. Over perhaps a billion-year time
span the blue-greens slowly converted
the planetary atmosphere from a reduc-
ing medium into an oxidizing one, forc-
ing all the anaerobic bacteria to either
adapt to the presence of oxygen or re-
treat to corners of the environment that
were still without oxygen. The oxida-
tion of organic molecules with free oxy-
gen is such an efficient source of energy
that the general response was to find
ways of adapting preexisting photosyn-
thetic electron-transport chains to feed
electrons to oxygen.

Respiration was born not once but re-
peatedly in different lines of bacteria.
The Chloroflexaceae, the Rhodospiril-
laceae and gliding bacteria such as Beg-
giatoa and Leucothrix are probably re-
spiring adaptations of the green, the pur-
ple and the blue-green photosynthetic
bacteria respectively. Just as these glid-
ing bacteria appear to be cyanobacteria
that have lost photosynthesis, so did
many of the respiring bacteria arise
from the ancestors of the Rhodospirilla-
ceae through the loss of photosynthesis.
Included among these are the pseudo-
monads, Paracoccus denitrificans and the
bacterial ancestors of mitochondria in
eukaryotes. Philip John of the Universi-
ty of Reading and Frederick R. Whatley
of the University of Oxford have sug-
gested that on many lines of evidence
Paracoccus is most like the probable an-
cestor of mitochondria; the sequence
table shows that Paracoccus cssp most
closely resembles the ¢ of Rhodopseudo-
monas sphaeroides and R. capsulata, both
of which have respiratory machinery
much like that of mitochondria. Per-
haps in these two species we are seeing
our own metabolic ancestors. If that is
the case, it leads to a sobering thought:
Human beings are the metabolic off-
spring of defective purple photosynthet-
ic bacteria.

Which of the three size classes of cyto-
chromes c is the oldest: S and S*, M or
L? That is, has the evolution of cyto-
chrome ¢ involved the trimming down
of a larger ancestral molecule or the
building up of a smaller one? Chains as
short as the S group are widely distrib-
uted in the evolutionary tree: in Desul-
Jovibrio, Chlorobium,cyanobacteria, Rho-
dospirillaceae and nonphotosyntheticre-
spirers. In contrast, the larger molecules
are found only in the purple bacteria and
in the respirers that developed from
them. Hence one probably must regard
the S and S” cytochromes as being more
like the common ancestor; the insertions
at various places on the surface of the
molecule would then have been later
developments that came in only one
branch of bacteria.

his is just one example of what can

be learned about the early history
of life through the examination of mo-
lecular data. The story could be repeat-
ed, in principle, for any other protein
all these organisms had in common. It
may be that for some proteins the evo-
lutionary record in bacteria has been
scrambled by the lateral transmission of
genes between otherwise unrelated spe-
cies (although one is not driven tosuch a
conclusion by the data so far available);
if so, these cases should show up as
anomalies in the record and should be
recognized when enough proteins have
been examined. It may also be that the
transfer of linked genes has served to
bring respirationto lines of bacteria that
never had any photosynthetic ancestors.
Such details are still to be proved or dis-
proved. The fact remainsthat the quan-
tity of information potentially available
from molecular data is at least an or-
der of magnitude greater than what has
been available to the classical taxonom-
ist, and this new source of data has only
begun to be mined.

L (6) M (9) S (8) S* (7) Cs55(2) Css3(1)
Rt g )
L (6: c2, Cs50) ! 49.7 : 385 : 17.8 175 15.6 12.0
L VR
M (9:c2 c) ) 38.5 : 516 ‘ 18.9 19.1 151 11.9
S (8:c2,Cs51) 17.8 18.9 ‘ 438 1756 138 14.4
S* (7:Cssa, ) 175 19.1 176 | 436 18.4 6.4
L
css5 (2) 15.6 15.1 13.8 18.4 470 12.0
Css3 (1) 12.0 1.9 14.4 6.4 12.0 —

IDENTITIES MATRIX shows the number of sites occupied by identical amino acids in pair-
wise comparisons of the sequences of cytochromes ¢, averaged for each structural class (L, M, S
and S*) and for two other variants. The digits in parentheses give the number of cytochromes
in each group. The sequences are identical at significantly more sites within each class (color)
than between classes. Only the L and M classes are similar enough to suggest combining them
in one category (broken lines), but that is ruled out by the extra loops of chain in L molecules.
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CAT TURNING OVER IN MIDAIR is shown in this composite se-
quence of photographs. The cat turns over in an eighth of a second
for a half-second free fall of four feet. An experimenter held the cat
upside down and released it with zero angular momentum. Since air
resistance is negligible, no torques are applied to the cat in the course

154

of its descent. In the absence of torques the angular momentum of a
body is conserved, and so the cat’s angular momentum remains zero
throughout its fall. The cat is nonetheless able to turn over in midair
because a body need not be moving linearly in order to have zero an-
gular momentum as is explained by bottom illustration on page 162.
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The Physics of Somersaulting
and Twisting

Divers, gymnasts, astronauts and cats can do rotational

maneuvers in midair that may seem to violate the law of

the conservation of angular momentum but in fact do not

linear momentum of a body (its

mass times its velocity) is con-
served. Similarly, in the absence of
torques, or rotational forces, the angu-
lar momentum of a body (the rotational
analogue of linear momentum) is con-
served. The concept of angular momen-
tum is deceptively simple, and its misap-
plication has led to paradox. If a cat is
dropped upside down, it turns over in
free fall in a fraction of a second and
lands on its feet. By the same token,
when an expert diver jumps off a spring-
board, he can start to somersault and
twist in midair long after he has left the
board. Since the cat and the diver have
zero angular momentum, how can they
rotate in midair without violating the
law of the conservation of angular mo-
mentum? Here [ want to discuss in detail
the physics of somersaulting and twist-
ing in order to flesh out the concept of
angular momentum.

Springboard divers routinely execute
maneuvers in which their body rotates
in space. The basic maneuvers are the
somersault and the twist. In the somer-
sault the body rotates head over heels as
if the athlete were rotating about an axis
extending from his left side to his right
side through his waist. In the twist the
body spins or pirouettes in midair as if
the athlete were rotating about an axis
extending from his head to his toes.

Nearly all the most complicated div-
ing maneuvers are either multiple som-
ersaults or combinations of somersaults
and twists. A good diver can execute
a forward three-and-a-half somersault,
which calls for 1,260 degrees of rota-
tion. Another common dive is the for-
ward one-and-a-half somersault with
three twists, in which the diver som-
ersaults 540 degrees and twists 1,080
degrees. The best divers have recently
begun to perform even more complex
feats, such as the forward two-and-a-
half somersault with two twists.

In the absence of external forces the

by Cliff Frohlich

The conservation of angular momen-
tum is the fundamental physical princi-
ple that governs all maneuvers incorpo-
rating somersaults and twists. In such
maneuvers air resistance is negligible, so
that no torques are applied to the diver
once he leaves the board. (The same is
of course true of the gymnast once he
leaves the mat.) For example, in the for-
ward two-and-a-half somersault with
two twists the diver’s angular momen-
tum remains fixed at some large non-
zero value. This creates a paradox:
How can he initiate the twisting rota-
tions in midair without changing his an-
gular momentum?

It is time to precisely define angular
momentum, which can be expréssed
in terms of two other parameters of ro-
tation: angular velocity and moment of
inertia. Angular velocity is a vector, rep-
resented by a line with an arrowhead,
that describes a body’s rotational speed
and direction. The vector has a length
that represents the speed of rotation and
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an orientation parallel to the axis of ro-
tation. Which end of the vector has the
arrowhead attached to it corresponds
by convention to whether the rotation
about the axis is clockwise or counter-
clockwise.

For example, when a diver executes a
forward double somersault in one sec-
ond, the magnitude of his average an-
gular velocity is two fevolutions per
second. The direction of his angular-
velocity vector is parallel to the somer-
saulting axis (and the arrowhead is at the
diver’s left side). Similarly, when the
diver twists, the direction of his angu-
lar velocity is along the twisting axis
(with the arrowhead at his head if he is
twisting to the left). When a diver simul-
taneously twists and somersaults, his to-
tal angular-velocity vector is the vector
sum of the angular velocity of twisting
and the angular velocity of somersault-
ing. (The sum of two vectors 4 and B is
found by putting the base of B at the
arrowhead of 4. The sum is the vector
formed by connecting the base of 4 to

i 1 —_ -k B e

1930 1935 1940 1945
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CHART OF THE FORWARD TWISTING SOMERSAULTS that are allowed in intercol-
legiate three-meter springboard diving competition indicates that maneuvers combining som-
ersaulting and twisting are relatively new. The gray region represents forward one-and-a-half
somersault and the colored region forward two-and-a-half somersault. Twists are at the left,
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SOMERSAULTS AND TWISTS are the basic maneuvers that make
up most of the complicated dives executed in competition. In the
somersault (/efr) the body rotates head over heels as if the diver were
rotating about an axis extending from his left side to his right side
through his waist. In the twist (middle) the body spins in midair as if
the diver were rotating about an axis from his head to his toes. When

a diver simultaneously twists and somersaults (right), his total angu-
lar-velocity vector (solid arrow) is the vector sum of the angular ve-
locity of somersaulting (short broken arrow) and the angular velocity
of twisting (long broken arrow). Twisting angular-velocity vector is
three times longer than the somersaulting angular-velocity vector be-
cause the diver is twisting three times faster than he is somersaulting.

M
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MOMENT OF INERTIA of a body about an axis, which by defini-
tion is the body’s tendency to resist changes in angular velocity about
that axis, is larger the more the mass of the body is concentrated away
from the axis. The moment of inertia of a man rotating about his som-
ersaulting axis (/eft) is largest when his body is straight. The moment
of inertia is smaller when his body is piked, or bent at the waist (mid-
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dle). The moment of inertia is smallest when his body is tucked, or
bent at both the waist and the knees (right). The somersaulting mo-
ment of inertia is 19.8 kilograms times meters squared (kg.m.2) when
the man’s body is straight, 5.9 when his body is piked and 3.8 when

his body is tucked. The moment of inertia about his twisting axis

when he is straight is smaller: 1.1 kilograms times meters squared.
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the arrowhead of B. Vector addition is
commutative: 4 plus B equals B plus 4.)

The moment of inertia of a rigid body
about an axis is the body’s tendency to
resist changes in angular velocity about
that axis, just as the mass of a body is its
tendency to resist changes in linear ve-
locity. It is obvious that massive and ex-
tended bodies have a larger moment of
inertia than lighter and smaller ones. In
fact, the contribution of each particle
in a body to the total moment of iner-
tia about an axis equals the mass of the
particle times the square of its distance
from the axis of rotation.

For example, a typical male diver
with his body straight and his arms at his
sides has a moment of inertia of 14 kil-
ograms times meters squared (kg.m.2)
about his somersaulting axis but a mo-
ment of inertia of only one kilogram
times meter squared about his twisting
axis. Although the mass of each particle
of the diver remains the same for both
somersaulting and twisting, the moment
of inertia is larger about the somersault-
ing axis because on the average each
particle is farther from that axis than it
is from the twisting one.

Like angular velocity, angular mo-
mentum is a vector. The total angular
momentum of an athlete executing a
twisting somersault is the vector sum of
the angular momentum about his som-
ersaulting axis and the angular momen-
tum about his twisting axis. His somer-
saulting angular momentum is simply
the product of his somersaulting angu-
lar velocity and his moment of inertia
about his somersaulting axis. In addi-
tion his twisting angular momentum is
simply the product of his twisting an-
gular velocity and his moment of iner-
tia about his twisting axis. The total an-
gular-momentum vector of an athlete
remains constant in direction and mag-
nitude in the absence of torques, just
as the linear momentum of a body re-
mains constant in the absence of exter-
nal forces. This constancy is the essence
of the law of the conservation of angu-
lar momentum. When the diver is still on
the springboard, he can acquire angular
momentum if it exerts torques on his
body, but once he is in the air his angular
momentum remains constant.

he analogy between angular mo-
mentum (moment of inertia times
angular velocity) and linear momentum
(mass times linear velocity) is not per-
fect. Because the mass of a body is
invariant a constant linear momentum
means a constant linear velocity. Be-
cause the moment of inertia is not invar-
iant but subject to change, however, a
constant angular momentum does not
mean a constant angular velocity. The
angular velocity and the moment of in-
ertia can vary inversely as long as their
product remains constant.
A diver is not a rigid object, so that it

is possible for him to vary the moment
of inertia about his somersaulting axis
by tucking up or straightening out his
body and to vary the moment of inertia
about his twisting axis by pulling in or
extending his arms. For example, in the
backward somersault the diver leaves
the springboard with his body straight as
he begins to somersault backward. If he
keeps his body straight, he will somer-
sault about one and a half times before
entering the water. If he tucks himself
up into a ball by pulling in his arms and
legs, he will spin much faster and somer-
sault at least two and a half times. As he
tucks up, his angular momentum re-
mains constant in magnitude and direc-
tion, but his angular velocity increases
by a factor of about four because the
moment of inertia about his somersault-
ing axis decreases by a factor of about
four. In the backward somersault the
angular-velocity vector changes not in
direction but in magnitude. The vector
remains parallel to the angular-momen-
tum vector throughout the dive.

The angular-velocity vector does not,
however, remain parallel to the angular-
momentum vector in all cases. If the ro-
tation is about an axis that is not one
of the symmetry axes of the body (such

as the somersaulting axis or the twist-

ing axis), then the angular-velocity vec-
tor and the angular-momentum vector
will point in different directions. Sup-
pose a diver is twisting and somersault-
ing simultaneously. His total angular-
momentum vector is the vector sum
of his somersaulting angular velocity
times his somersaulting moment of in-
ertia and his twisting angular momen-
tum times his twisting moment of iner-
tia. Since the moments of inertia are not
equal, the angular-momentum vector
and the angular-velocity vector point
in different directions. Of course, the
direction and the magnitude of the an-
gular-momentum vector remain con-
stant throughout the dive regardless of
how the diver twists, squirms or flails.
The lack of parallelism of angular ve-
locity and angular momentum brings
out another difference between rota-
tional motion and linear motion. In the
linear case the velocity vector and the
momentum vector are always parallel.

It is possible for a diver to change
in midair both his somersaulting an-
gular momentum and his twisting angu-
lar momentum as long as their sum,
the total angular momentum, remains
constant in magnitude and direction. In
a twisting somersault the diver starts
to execute an ordinary somersault, in
which his angular-velocity and angular-
momentum vectors lie along the somer-
saulting axis. To twist his body he simul-
taneously “throws” his right arm down
and his left arm up in the plane of his
body. That causes his body to rotate
clockwise a few degrees (as seen from
the front) so that his somersaulting axis
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Spring Frost
Protection

The most beautiful time of
year in the Sonoma Valley
is the spring, and with it
comes the awakening of
B the vineyard - and the
many concetns of the vintner.

Cultivation of the vineyard is begun
immediately to loosen and aerate the rain
packed soil and to turn under the wild,
winter growth.

The greatest concern of the spring
season, however, is the everpresent threat
of a killing frost. If the budding grape
vines are frost-burned, only a partial crop
may develop or even no crop at all. My
Dad calls this ‘‘the season of long days
and short nights,”’ because we are con-
stantly alert for the frost alarm that gets us
out of bed fast when the temperature dips

Overhead sprinkler systems are then
turned on. Newly forming shoots which
will eventually become grapes and leaves
are showered with a fine
mist that continually forms
ice around the tender
shoots as the temperature
drops below 32°F. Water
gives off heat when it
freezes and the tempera-
ture of the shoots remains
at 32°F as long as the
misting continues. This
protects the shoots from
frost damage which would
occur at 28°F and below.

Please write for our free
monthly newsletter.

Sam J. Sebastiani

Sebastiani

VINEYARDS
EST 1825

P.O. Box AA Sonoma CA 95476
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STRAIGHTENING OUT OF A TUCK will
cause the angular velocity (black arrow) of a
diver to decrease fivefold because his moment
of inertia is five times larger in the straight
position than in the tucked one. The angular
velocity and moment of inertia can vary in-
versely as long as their product, the angular
momentum (colored arrow), remains constant.

ANGULAR-MOMENTUM VECTOR (col-
ored arrow) of a diver executing a twisting
somersault is the vector sum of the somersault-
ing angular momentum (long broken arrow)
and the twisting angular momentum (short
broken arrow). Because the moments of iner-
tia are not the same about the somersaulting
and twisting axes angular-momentum vector
need not be parallel to angular-velocity vector.
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is no longer parallel to his total angular-
momentum vector. In other words, his
somersaulting angular momentum is in
a direction different from that of his ini-
tial angular momentum. As a result the
diver’s body starts to twist, creating ex-
actly enough twisting angular momen-
tum so that the vector sum of his twist-
ing angular momentum and his somer-
saulting angular momentum is equal to
his initial angular momentum.

Axy movement of the body, not just
the arms, will bring on twisting if it
causes the diver’s somersaulting axis to
move away from the direction of the
total angular-momentum vector. To
stop the twisting the diver must move
his arms or some other part of his body
so that the somersaulting axis is once
again parallel to the total angular-mo-
mentum vector. Such twists are called
angular-momentum twists because they
can be executed only if the diver has a
nonzero angular momentum.

This last point has been a source of
considerable confusion. To initiate con-
tinuous twisting in midair the diver need
only have some initial angular momen-
tum in any direction; he need not start
twisting while he is still in contact with
the board. Because some investigators
did not realize that the angular-momen-
tum and the angular-velocity vectors
can be nonparallel they maintained er-
roneously that it is impossible for a div-
er to twist unless he starts to do so on
the board. Another incorrect explana-
tion was proposed in 1969 by George
Eaves of the University of Leeds in his
comprehensive book on the physics of
diving. Eaves stated that a diver can ini-
tiate twisting in midair but can maintain
that twisting motion only if he moves
his legs continuously with respect to his
torso. High-speed films of divers as well
as the theoretical considerations I have
discussed so far establish that divers do
not have to move their legs to keep
twisting and that they can start twist-
ing long after they have left the board.
In the 1979 U.S. Outdoor Diving Cham-
pionships nine divers executed dives in
which they somersaulted two and a half
times and twisted once, initiating the
twist only after completing one and a
half somersaults.

Much of the confusion about the
physics of diving stems from the fact
that the twisting somersault is a relative-
ly new maneuver. The forward one-and-
a-half somersault with one twist was al-
lowed in competition for the first time in
1934. Investigations of the mechanics of
the twisting somersault were scarcely
undertaken until the 1950’s, when dives
with multiple twists became common.
Erroneous old hypotheses about the me-
chanics of twisting have survived in the
diving literature of today.

Another source of misunderstanding
about the physics of diving is the fact
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that although twisting somersaults are
often initiated in midair, they are some-
times begun when the diver is still in
contact with the springboard. A twist re-
sulting entirely from torques applied to
the diver by the board is called a torque
twist. In backward twisting somersaults
the diver is particularly likely to begin
his twisting on the board because his
“throw” to initiate twisting in midair is
less efficient in the backward somer-
saulting position than in the forward po-
sition.

The rate of twisting depends on the
angle 6 between the somersaulting axis
and the angular-momentum vector dur-
ing the twist. In the backward somer-
sault the diver’s body is nearly straight.
Throwing his arms to initiate a twist
makes the angle 8 about 11 degrees,
which causes his body to twist at a rate
of about three twists per somersault. In
the forward somersault the diver’s body
is not straight but piked, or bent at the
waist. When he throws his arms, the an-
gle @ will be larger than 11 degrees be-
cause his moment of inertia in the piked
position is smaller than that in the
straight position. For an angle 6 of 20
degrees the diver will twist at a rate of
about five and a half twists per somer-
sault when he comes out of the piked
position. In the backward somersault he
can twist at a comparable rate if he gets
some torque from the board with which
to start the twisting motion.

A the beginning of this discussion I
posed the question of how with
zero angular momentum a cat or a diver
can twist in midair. The mechanisms I
have outlined so far apply only to bod-
ies with nonzero angular momentum,
which is constant but can flow back and
forth between different kinds of rota-
tional motion (such as somersaulting
and twisting) in the course of a single
maneuver. Even with zero angular mo-
mentum a cat or a man can accomplish
a certain amount of twisting and somer-
saulting motion because a body need
not be motionless to have zero angular
momentum.

For example, a man could have zero
angular momentum if his arms and up-
per torso twisted to the right as his legs
and lower body twisted to the left. To
conserve angular momentum the por-
tion of his body with the smallest mo-
ment of inertia would need to twist fast-
er, since angular momentum is equal not
to the twisting velocity but to the twist-
ing velocity times the moment of inertia.
Since the body of a man is not rigid, he
can twist by judiciously varying the rela-
tive moments of inertia of his upper
body and lower body. Unlike the angu-
lar-momentum twists of most twisting
somersaults, zero-angular-momentum
twists persist only as long as the upper
body is in motion in relation to the lower
body. If the diver holds his body com-
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“Remember: Compare these 1980 EPA estimates to estimated mpg for other cars. Your mileage may vary due to speed, trip length or weather.
Your highway mileage will probably be lower. California excluded. vBased on 1980 EPA data.

RENAULT LE CAR

WE BUILD MORE INTO ECONOMY CARS
THAN JUST ECONOMY.
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Today’s Bunker Ramo

is making it a lot easier for
millions of Americans

to put money in the bank.

If you use a commercial bank,
savings and loan association, mutual
savings bank or credit union, you're
probably used to standingiin line.

But if you bank at one that uses
Bunker Ramo’s Bank Control or
Thrift System 90, you probably
haven't stood in line in ages.

That's because Bunker Ramo’s
System 90 family operates in real
time and provides the automated
devices required for superior
customer service—from the simplest
of teller terminals to the most
sophisticated of teller equipment to
administrative terminals for
managementcontrol. Because the
system is modular, it provides the
commercial bank or thrift institution
with future growth and expansion

without wasting money. Because the
system completes transactions in
seconds, it helps customers make
their deposits or withdrawals without
wasting time.

Today, Bunker Ramo is a major
producer of the data terminals and
minicomputers that comprise the

information systems widely used by
commercial banks, thrift institutions,
insurance companies, and
brokerage houses. In addition,
through our well-known Amphenol
connectors, we have a leading
position in the aerospace and aircraft
industries, a strong foothold in
telecommunications, and a growing
role in fiber optics.

Most important, we are a company
with a reservoir of high technology, a
solid base of innovative products,
and a strong management team.

Which is why today’s Bunker
Ramo is a company that's on the
move. For our latest financial reports,
write Bunker Ramo Corporation,
Dept. FR, 900 Commerce Drive,
Oak Brook, lllinois 60521.

BUNKER
RAMO
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DISK ON A ROTATING SHAFT AT AN ANGLE shows that the angular-velocity vector
(solid black) and the angular-momentum vector (solid color) need not be parallel. The angular-
velocity vector can be broken down into a component along the symmetry axis of the disk (bro-
ken black) and a component parallel to the face of the disk (broken black). Because the mo-
ment of inertia of the disk about its symmetry axis is twice the moment of inertia about an axis
parallel to the disk’s face, the magnitude of the component of the angular momentum about
the symmetry axis (broken color) is twice the magnitude of the component parallel to the disk’s
face (broken color). As the shaft and the disk rotate, the total angular-momentum vector (solid
color) sweeps out a cone. That the vector is changing direction continuously means that the
disk is always experiencing a torque, which is provided by the bearings of the rotating shaft.

IN ANGULAR-MOMENTUM TWISTS, in which the diver leaves the springboard with a
nonzero angular momentum, the rate of twisting (w7) equals the rate of somersaulting (vg)
times the ratio of the somersaulting moment of inertia (Is) to the twisting moment of inertia
(I7) times the sine of the angle 6 between the somersaulting axis (black line) and the an-
gular-momentum vector (red arrow). In other words, o equals wg(Ig/I7)sin 6. This means
that to maximize the twisting rate the diver must “throw” his arms and head to maximize 0.

“CAT TWISTS,” in which a cat or a man with zero angular momentum flips over in free fall,
can be accomplished in principle even if the relative moments of inertia of the upper body and
the lower body do not vary in the course of the flip. This kind of twist is best understood if the
body is viewed as consisting of two rigid cylinders with cone-shaped ends. The cones are at-
tached to each other so that the cylinders can roll without slipping along their line of contact
(0A). Each cylinder has angular momentum because it is rotating about its own axis. To con-
serve total nonzero angular momentum the entire body must rotate in the opposite direction
about axis BB'. The arrows represent not the angular velocity but the direction of rotation.
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pletely rigid, the twisting motion imme-
diately stops.

In principle it is also possible for a
man or a cat to execute zero-angular-
momentum twists (“cat twists”) without
varying the relative moments of inertia
of the upper body and the lower body.
This kind of twist is best understood if
the body is viewed as consisting of two
rigid cylinders attached to each other
at the ends [see botrom illustration at
left]. If the body is not straight but bent
so that the two cylinders form an angle
of, say, 90 degrees, then twisting is pos-
sible. If the upper cylinder twists to the
right about its axis, the lower cylinder
must swing to the left to conserve the
zero angular momentum. Similarly, if
the lower cylinder twists to the right, the
upper cylinder must swing to the left.
When both cylinders twist to the right
about their respective axes, the entire
body must swing to the left to conserve
the zero angular momentum. If the di-
mensions of the cylinders and the angle
between the cylinder axes are correctly
chosen, the body will do a half twist to
the left as its upper and lower parts twist
once to the right. Again the twisting
stops if the body is held rigid.

It is an open question whether in prac-
tice cats and men need to vary the rela-
tive moments of their body to execute
zero-angular-momentum twists. Thom-
as R. Kane and M. P. Scher of Stanford
University have studied photographs of
a twisting cat and have concluded that
the relative moments indeed remain the
same. Donald McDonald of St. Barthol-
omew’s Hospital in London was unable
to reach a conclusion in his studies of
cats and divers. Most investigators, in-
cluding me, think that in practice cats
and men usually do vary the relative
moments of their upper and lower bod-
ies by adjusting the position of their
arms and legs.

A man with zero angular momentum
can not only execute “cat twists” to ro-
tate about his twisting axis but also exe-
cute rotations about his somersaulting
axis. If he moves his legs in a way that
gives his lower body angular momen-
tum, his upper body must also move in
order to conserve his total zero angu-
lar momentum. As in a cat twist, he
can perform a series of motions (“tuck
drops”) with his arms and legs that will
reorient his body about his somersault-
ing axis, although the somersaulting
motion will stop if he holds his body
rigid.

ost work on man’s ability to control

his orientation in midair has cen-
tered not on springboard divers or gym-
nasts but on astronauts. A man working
in space in a weightless environment
must be able to control his body orienta-
tion, but can he start in a motionless
position and with a few simple move-
ments reorient himself in any direction
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A FORWARD ONE-AND-A-HALF SOMERSAULT with three
twists is a maneuver in which the diver leaves the springboard with
nonzero angular momentum. Immediately after takeoff the diver is
somersaulting without twisting, so that his angular-velocity and an-
gular-momentum vectors are parallel. To initiate twisting he moves
his arms and head until his somersaulting axis is no longer parallel to

)

A FORWARD TWO-AND-A-HALF SOMERSAULT with two
twists demonstrates unequivocally that divers can initiate continuous
twisting in midair. In this ver the diver does more than one full

his angular-momentum vector. His body must twist in order to con-
serve angular momentum. Near the end of the dive the athlete moves
his arms so that his somersaulting axis is once again parallel to the
angular-momentum vector. That immediately stops the twisting mo-
tion. This illustration is based on a motion picture the author made at
the 1979 U.S. Outdoor Diving Championships, held in Decatur, Ala.

P o

somersault before he starts to twist. To maintain the twisting the diver
does not have to move his legs with respect to his torso. Illustration
is based on the film of the 1979 U.S. Outdoor Diving Championships.
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“SWIVEL HIPS” is a simple twisting maneuver executed by tram-
poliners that relies on zero-angular-momentum cat twists. By judi-

he wants? He can, and the underlying
physics is the same for an astronaut as it
is for a diver, since both men are moving
in the absence of torques. From my dis-
cussion of diving it should be clear that
an astronaut could reorient himself in
any direction he chose by doing cat
twists to rotate about his twisting axis
and tuck drops to rotate about his som-
ersaulting axis.
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“TUCK DROP” is a maneuver in which an athlete with zero angu-
lar momentum does somersaulting rotations. By repeated tuck drops
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The work of Kane and Scher also
demonstrates that an astronaut could
easily control his motion, although the
simple movements they recommend are
quite different from the ones divers and
gymnasts would execute in order to
achieve the same reorientations. For ex-
ample, they suggest that an astronaut
could twist 70 degrees to the left by first
moving his right leg forward and his left
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ciously varying the relative moments of inertia of her upper body
and lower body the trampoliner is able to twist half a revolution.

leg backward, then sweeping his right
leg in a circle to the right and the rear
and sweeping his left leg in a circle to
the left and the front and finally bring-
ing his legs back together. I believe once
men actually start working regularly in
space they will learn to achieve large
reorientations of their bodies by mak-
ing the same motions divers and gym-
nasts make.
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he can rotate as much as he wants. An astronaut in space could easi-
ly reorient himself in any direction with swivel hips and tuck drops.
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if you will join Astronomy Book Club now for a trial period and agree to buy 3 more books—at handsome discounts—over the next 12 months.

Black holes, quasars, pulsars, supernovae, white dwarfs
—explore the fantastic discoveries being made about the
universe with this outstanding selection of five critically
acclaimed astronomy books. Together they form a marve-
lously comprehensive Basic Astronomy Library—a library
which will allow you to tour our cosmos—from the Red
Planet to the Seyfert galaxies . . . from the Earth’s core to a
black holes horizon . . . from how the universe was born to
how, when, and where it will die.

Here is what your library will include:

THE ILLUSTRATED ENCYCLOPEDIA OF ASTRONOMY AND
SPACE. Revised edition. Edited by lan Ridpath. Your window to the
universe. Over 1,000 entries and 150 photographs and illustrations.
Hardbound.

ASTRONOMY: An Introduction for the Amateur Astronomer. By
Jacqueline Mitton. From the fundamentals of physical, chemical and
optical laws to stellar evolution. Hardbound.

STAR ATLAS. Jacqueline and Simon Mitton tell you how to locate
over 4,000 stars. Softbound.

BLACK HOLES: The Edge of Space, the End of Time. By Walter
Sullivan. Bottomless pits into which whole stars can disappear . . . Black
Holestakes you on an incredible journey that will change your picture of the
universe. Hardbound.

CATALOGUE OF THE UNIVERSE. By Murdin and Allen. A portrait
of the best known and most remarkable objects in space. More than 300
photographs. Hardbound.

. quite a trip for only $2.95—and that’s just the beginning!

Of the hundreds of books submitted to us each year, only the very
finest are selected and offered to you as a club member.

Astronomy Book Club discounts range up to 30% off publishers’
prices and sometimes even more. As a member, you’ll also immediately
become eligible for our Bonus Book Plan, with savings up to 70% off!!

Discover the phenomena of space—join Astronomy Book Club
today . . . it’s a trip!

If reply card has been removed, please write to: Astronomy Book Club, Dept.L-AC3,
Riverside, N.J. 08370 to obtain membership information and an application.
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Horned Beetles

The formidable appendages of these insects look as though they

were meant for stabbing or pinching an opponent. Actually most

of the horns are used to pry up or lift a rival of the same species

n the visit of H.M.S. Beagle to

Chile one of the most puzzling

animals Charles Darwin en-
countered was the brightly colored stag
beetle Chiasognathus grandtii. The
males of this species have greatly elon-
gated mandibles (vaguely resembling a
stag’s antlers) whose pincerlike config-
uration suggests that they function as
weapons. When Darwin held one of
these beetles in his hand, however, he
found that its horns could not pinch his
skin even hard enough to cause pain. If
the horns did not serve as weapons for
pinching adversaries, what was their
function? The question presents an evo-
lutionary puzzle that has baffled biolo-
gists for more than a century.

Horns are found in a wide variety
of shapes and sizes on many different
species of beetles. How did the horned
beetles evolve? To put it another way,
what selective advantage do horns con-
fer? Darwin eventually decided that the
horns serve to impress females, which
presumably chose as mates those males
with larger or more elaborate ones.
More recently some biologists have ar-
gued that the structures do function as
weapons,enhancing thereproductive ca-
pability of the beetles possessing them
through their role in intraspecific fight-
ing. And others have suggested that the
horns serve as digging tools, as a defense
against predators or simply as a deposit
of excess body weight.

Still another argument is put forward
by Gilbert J. Arrow in Horned Beetles: A
Study of the Fantastic in Nature. In this
book, the most comprehensive work on
the subject to date, Arrow maintains
that beetle horns are functionless, their
evolution being somehow linked to that
of increased body size. This hypothe-
sis, which implies that the evolution of
horns in beetles has run wild, free of the
constraints of natural selection, is un-
acceptable to most evolutionary biolo-
gists, but until quite recently there was
no way to refute it because horned bee-
tles had almost never been studied in
nature. It is only in the past decade that
such “armchair” speculations on the
function of beetle horns have begun to
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be replaced by conclusions drawn from
accumulations of careful observations
of horned beetles in their natural (or
close to natural) environments.

These recent studies have explored
the functional morphology of beetle
horns, attempting to assign functions to
them in order to explain why a particu-
lar shape evolved in a particular species.
Such assignments are made on the basis
of a number of different criteria. Ob-
servers search for repeated and relative-
ly stereotyped applications of horns in
situations where their effective use has
biologically significant benefits and also
check to see whether the design of the
horns seems to be compatible with the
mechanical demands of the task to
which they are applied. It is through ef-
forts such as these that a new under-
standing of the evolution and behavior
of horned beetles has begun to emerge.

It now appears that the early hypothe-
sis that beetle horns generally function
as weapons is correct. Indeed, in every
species that has been carefully studied (a
total of 17 so far) it has been established
that far from being useless, beetle horns
serve as effective weapons in contests
between members of the same species
over critical resources. The ways the
horns are wielded in such contests, how-
ever, has turned out to be quite different
from what was expected. For example,
it has now been determined that the
male Chiasognathus grandtii beetle us-
ually employs the mandibles Darwin
wondered about not as pincers for injur-
ing rivals but as forceps for picking
them up and dropping them from a tree
to the ground below. In what follows I
shall review some recent findings on the
function and evolution of horns in some
other species of horned beetles; I shall
also discuss some objections that have
been raised to the thesis that the horns of
horned beetles function as weapons.

he lack of observations of living
horned beetles is not the only reason
biologists have had so much trouble de-
termining the function of the horns.
Consider the vast array of different
types of structures that can be called
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horns. To begin with, the various parts
of a beetle that are extended into horns
include the head, the mandibles, the
front legs, the top and front of the pro-
thorax (the segment of the thorax imme-
diately behind the head) and even the
bottom of the thorax and the elytra (the
wing covers that generally shield most
of the upper surface of the abdomen).
Moreover, the variety of the forms these
projections take is staggering, ranging
from single head horns and grotesquely
elongated and spined front legs to a vari-
ety of polelike extensions pointing for-
ward or backward and a multitude of
pincerlike configurations formed either
by a pair of elongated mandibles or by a
backward-curving head horn working
against one or more forward-curving
thoracic horns. In some species these
pincerlike horns mesh precisely; in oth-
ers they do not.

This wealth of forms always made it
seem unlikely that any single function
for the horns could be discovered, par-
ticularly in view of the fact that they are
found in many unrelated beetle families
and therefore seem to have evolved a
number of times independently. The re-
cent observations of horned beetles indi-
cate that the ways in which the horns are
employed as weapons do in fact vary
greatly from species to species, although
the mechanical functions of the horns
can be divided into two broad catego-
ries. The horns appear to serve either to
pry an opponent away from a substrate
so that it can more easily be pushed
away from a contested resource or to lift
an opponent off the substrate and drop it
to the ground. (The second form of be-
havior probably evolved from the first.)

An example of a beetle that pries up
opponents is Golofa porteri, a species
of large, striking-looking scarab (be-
longing to the family Scarabaeidae) in
which the male is endowed with a pair
of monstrously elongated front legs, a
long, thin horn rising from the protho-
rax and a sturdier horn with serrated
edges curving forward from the head.
High in the Andes of Colombia these
beetles can be found battling for pos-
session of single shoots of the bam-



Bl
PINCERLIKE CONFIGURATION OF HORNS on males of the
horned beetle species Podischnus agenor is formed by a long horn
curving up from the head and a shorter, sturdier horn projecting for-
ward from the prothorax (the segment of the thorax immediately be-
hind the head). In battles for possession of the blind burrows that
these beetles dig in stalks of sugarcane the horns are wielded in sever-
al stereotyped ways. When one male invades the burrow of another,
the resident may resist the attack by bracing itself against the walls at
the entrance of the burrow. In response the invader (color) tries to in-
sert its head horn under the resident and use it to pry the resident out
(a). When the resident tries to turn and confront the invader head to

a \ b

LONG, GRACEFUL HEAD HORN and enormously elongated
front legs of the male scarab beetle Golofa porteri serve as weapons
in contests over single shoots of the bamboolike plants on which this
species feeds in the Andes of Colombia. (Projections of almost any
part of a beetle’s body, including the legs and mandibles, can be con-
sidered as horns.) When two males of the species approach each other
on a shoot or, as is shown here, a shootlike support (a), each one inserts

head at the burrow entrance, the invader relies on its prothoracic horn
to “punish” (and perhaps intimidate) the resident by repeatedly push-
ing it back into the burrow (). As is shown here, the crescent-shaped
tip of the invader’s prothoracic horn fits snugly against the resident’s
prothorax and elytra (the horny wing covers that shield the upper
surface of a beetle’s abdomen). In struggles of this kind the invader
eventually allows the resident to turn around in the burrow entrance,
and in the ensuing head-to-head confrontation each beetle tries to
wield its horns as pincers to clamp the other (c). In the contest shown
here the resident has ded in the ver and is about to lift
the invader off the sugarcane substrate and drop it to the ground.

its head horn under the body of the other, holds on to the support with
its middle and hind legs and wraps its long front legs around the body
of the other (b). The attacker (color) rakes its front legs sharply across
its opponent’s middle and hind legs and then an instant later jerks its
head up to throw the opponent off the support (c). In this case the at-
tacker was unsuccessful, since attacked beetle maintained a grip on
support with its right hind leg (not visible) and was not thrown clear.
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boolike plants on which they feed, and
fights staged on similar supports in my
laboratory at the Universidad del Valle
in Colombia revealed that it is in these
conflicts that the horns come into play.

When two males confront each other,
each holds on to the support with its
middle and hind legs, wraps its long
front legs around the other male’s body
and then tilts its prothorax and lowers its
head so that the head horn is inserted
under the other male’s body. To begin
an attack one of the intertwined beetles
rakes its front legs sharply across its op-
ponent’s middle and hind legs. This ac-
tion apparently serves to tear the oppo-
nent’s legs from the support, and an in-
stant later the attacker jerks its head up
to throw the opponent off the support.
The function of the prothoracic horn in
this species has not yet been determined.

A similar mode of behavior has been
observed among males of the species
Rhinostomus barbirostris, or bearded
weevil. In this species the males have
an elongated beak and front legs, and
the beak is also distinguished by a thick
covering of golden hairs. Male beard-
ed weevils compete for females on the
trunks of newly fallen palm trees, where
the females, with their shorter beak, drill
small holes in which to place their eggs.
After a female has deposited an egg in a
hole in the tree trunk she caps the hole
with a quick-hardening fluid. The larva
that hatches from the egg feeds as it
bores through the trunk, finally pupat-
ing in a cell close to the surface of
the tree.

Adult males patrol tree trunks where
the females are depositing eggs, and
when a male finds a female, he mates
with her as she drills and then remains
nearby to guard her against the ad-
vances of other males. If a rival male
approaches, the defending male lowers
his beak. When the two are sufficiently
close, the defender snaps his head up-
ward and simultaneously raises the
front of his body on his two long front
legs, attempting to deliver a hard blow
that will knock his rival off the tree
trunk. The top of a male bearded wee-
vil’s beak is covered with small knobs
and spikes that may serve to reduce the
possibility that the beak will slip when
it hits the underside of an opponent’s
body, thereby wasting the force of the
blow. (The hairs on the beak of the male
seem to function not in intraspecific
fighting but in maintaining contact be-
tween the male and the female; as the
female drills and deposits her eggs the
male strokes her assiduously with his
hairy beak.)

arwin and others objected to the hy-

pothesis that horns function as
weapons, reasoning that if beetle horns
did function as weapons in intraspecific
fighting, then it should be possible to
find punctures or other marks on the
body of horned species and scratches
on the horns. Distinguished naturalists
such as Henry Walter Bates, they point-
ed out, were unable to find such marksin
most species that were examined. This
situation is partly explained by the two

COMPETITION FOR MATES among males of the bearded weevil Rhinostomus barbirostris
takes place on the trunk of a newly fallen palm tree, where the females drill holes in which
to lay their eggs. A male mates with a female as she is drilling the hole and then remains near-
by, in some cases straddling her, to defend her against the advances of other males. As is shown
in this illustration, when a rival male approaches, the defending male lowers his head, so
that with a flip of his elongated beak he will be able to throw the rival off the tree trunk.
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examples I have discussed. Applying
horns to pry an opponent off a sub-
strate would not be likely to leave dis-
tinctive marks, and the same is true of
the other principal application of horns:
bodily lifting an opponent off a sub-
strate. A good example of a beetle that
lifts its opponents is the tropical scarab
Podischnus agenor.

The behavior of P. agenor, which in-
habits burrows in the stalk of the sugar-
cane plant, has probably been studied
more intensively than that of any other
species of horned beetle. A relatively
large species (with a body up to four
centimeters long), this beetle has a pin-
cerlike configuration of horns that is
found in many horned beetles: a rather
long head horn that curves upward and
backward and a short prothoracic horn
that projects forward. I shall discuss the
behavior of the species in some detail,
because it seems likely that the ways this
beetle uses its horns will prove to be
typical of many other species that live
in burrows.

The life cycle of P. agenor begins in
the rainy season (the period from Sep-
tember to December in Colombia,
where I studied the species), when the
female beetle lays her eggs individually
in the soil. The beetles that hatch from
the eggs spend their larval stage under-
ground, eating soil and digesting its hu-
mus content; they also pupate there,
emerging as adults at the beginning of
the next rainy season. The males of the
species tend to leave the soil earlier than
the females, and locating a field of sug-
arcane they dig ragged, blind burrows
up into the sugarcane stalks. To cut
through the tough cane fibers a P. agenor
beetle relies not on its horns but on its
mandibles and a small pair of protuber-
ances near its mouth, and as it digs it
feeds, squeezing sweet juice from the
plant tissue. Once a burrow is well un-
der way the P. agenor male turns to the
task of finding a mate.

The beetle positions itself in the en-
trance of its burrow at night and emits a
pheromone, or message-bearing chem-
ical, whose pungent odor apparently
serves to attract females. (The odor is so
pungent that it can be smelled by a hu-
man being at a distance of 15 meters,
thereby attracting coleopterists as well.)
A female that flies to the burrow in re-
sponse to the pheromone is allowed by
the male to enter, and in many cases the
two mate near the entrance before the
female moves to the blind end of the
burrow and begins to feed. At this point
the male stops emitting pheromone but
generally remains close to the entrance
of the burrow. At any time during the
process another male P. agenor beetle
may be attracted to the burrow and may
enter to challenge the resident for pos-
session of it. It is in these confrontations
over burrows that the beetles’ horns are
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Physician, did you miss any of these
significant developments in medical science?

* Adjuvant chemotherapy for breast
cancer utilizing CMF enhances survival
among premenopausal women with axil-
lary lymph node involvement.

e Posttransfusion hepatitis is usually
caused by “non-A, non-B” viruses.

e Lidocaine fails to control ventricular
arrhythmias in as many as 20 percent of
acute M.I. patients. Procainamide, given
by a bolus and continuous infusion
method, is effective in most of these cases.

e Cerebral embolism, producing both
transient ischemic attacks and perma-
nent strokes, is a complication of mitral
valve prolapse.

e Cefoxitin is effective for disseminated
gonococcal disease caused by penicillin-
ase-producing organisms.

e Adenine arabinoside has been li-
censed for treatment of herpes simplex
encephalitis.

be a prodigiously energetic or pro-
digiously lucky reader. With 2,000
or more journals published each year, in-
formation that significantly affects pa-
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Right Coronary Artery Left Coronary Artery

His Bundle _

Fascicle

Right
Bundie Branch

Branches of the right and left coronary ar-
teries supply blood to the AV node and in-
traventricular conduction system.

SCIENTIFIC AMERICAN Medicine is lucidly il-
lustrated with drawings and photographs.
Some examples are seen here and on the
facing page.

tient management all too easily slips by.
Textbooks are out-of-date before they are
published.
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there when you need it.
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publishing and electronic technology is
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and Daniel Federman, M.D., F.A.C.P.

Each month as authors update their
contributions, revisions are entered on
the magnetic tape on which the text and
index are stored. The tape drives high-
speed phototypesetting equipment so that
subscribers receive about eight new chap-
ters and a new index every four weeks; a
bulletin highlights new developments.

New material replaces old material in
the living text, so that the information
is there—up-to-date, at your fingertips.

A CME program of eight patient man-
agement problems offered over a 12-
month period is available at no extra
cost. As an organization accredited for
continuing medical education, the Stan-
ford University School of Medicine des-
ignates this continuing medical educa-
tion activity as meeting the criteria for
32 credit hours in Category 1 for Educa-
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effectively employed in a number of rel-
atively stereotyped ways.

A male that invades the burrow of
another male begins by trying to push
the resident farther up into it. The resi-
dent, with its rear end to the invader,
may resist the attack by bracing itself
against the walls of the tunnel to block
the way with its body [see top illustration
on page 167). To displace a resident be-
having in this way the invader tries to in-
sert its head horn under the resident’s
body and pry the resident out. The resi-
dent may also move or be pushed into
the interior of the burrow, where a
sometimes protracted pushing match
ensues, but eventually the two beetles
move to the entrance of the burrow. As
the invader backs out of the tunnel onto
the surface of the sugarcane stalk be-
low, the resident attempts to turn in the
mouth of the burrow to confront the in-
vader head to head. At this point the
invader uses its prothoracic horn as a
ram to “punish” (and perhaps intim-
idate) the resident by driving the resi-
dent repeatedly back into the tunnel.
The crescent-shaped tip of the invader’s
horn fits snugly against the resident’s
elytra and prothorax.

The invader eventually allows the res-
ident to complete its turn (otherwise the
invader cannot gain sole possession of
the blind burrow), and the two beetles
finally confront each other head to head.
In the last phase of the battle each beetle
tries to use its horns as a clamp, inserting
the head horn under the other beetle’s
body and the prothoracic horn over it.
Usually each beetle succeeds in getting a
clamp hold on the other and in the ensu-
ing test of strength each attempts to lift
the other off the sugarcane substrate and
drop it onto the ground.

here are many other types of behav-
ior associated with horns that could
be described here, but to conclude this
list of examples I shall discuss two spe-
cies that promised to be exceptions to
the tendency for beetle horns to func-
tion as weapons. In the past one of the
most convincing arguments against the
thesis that beetle horns serve as weapons
was the fact that certain species have
horns that appear to be mechanically
useless. In particular some horns are
placed on the beetle’s body in such a
manner that there would seem to be no
way for them to be brought to bear ef-
fectively on an opponent or a substrate.
In the species that have been studied,
however, all such horns have proved to
be well positioned for use in combat.
For example, both males and females
of a large speckled plant beetle closely
related to the species Doryphora punctis-
sima are endowed with a short horn
curving forward from a most unlikely
part of the body, the underside of the
thorax, which gives the beetle the look

SMALL HORN projecting from the ventral surface of a beetle closely related to the species
Doryphora punctissima (left) serves to pry opp ts off a contested food plant. Beetles of
this species engage in pushing matches for the possession of a leaf or a stem of the small vines
on which they feed in eastern Colombia. The beetles defend themselves against such pushing
attacks by lowering themselves to the surface of the leaf or stem, where their round, smooth
body makes them difficult to dislodge. The defense can be overcome, however, if the attacking
beetle hooks its curved horn under edge of other’s body and pushes forward and upward (right).

of a simplified bottle opener. Careful
observations showed that the horn is not
involved in mating or feeding activities,
but when pairs of males were placed to-
gether on the small vines on which they
feed in eastern Colombia, contests en-
sued in which each beetle tried to push
the other off the substrate. To defend
itself against pushing attacks a beetle of
this species lowers itself to the surface of
the leaf, where its smooth, nearly hemi-
spherical body makes dislodging it quite
difficult.

It is in this situation that good use is
made of the bizarre horn. The attacking
beetle hooks its horn under the edge of
the other beetle’s body and by pushing
forward and upward pries the other one
away from the ledf like a bottle top. The
presence of horns in the females of the
species as well as the males may have to
do with the relatively small size of the
host plants. The vines where the females
lay their clusters of eggs and where their
larvae feed may sometimes be too small
to accommodate more than a single

ANTLERLIKE HORNS of a darkling beetle closely related to the species Molion muelleri
are elongated mandibles that can be opened and closed. Because the beetle inhabits narrow tun-
nels in fallen logs and can hardly move its head there appeared to be no way for it to bring its
horns to bear on an opponent, and they were thought to be mechanically useless. When the
beetles were studied in glass-sided tunnels, however, it was discovered that when two individu-
als meet head to head in a burrow (a), the more aggressive one (color) turns 180 degrees so that
its horns are well positioned as pincers for clamping the other beetle behind the head (). Even
the small, pointed extensions at the tip of the horns seem to be functional: they have been ob-
served to penetrate membrane between head and prothorax of an opponent, as is shown here.
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HORN DESIGNS CAN VARY GREATLY even within a single genus. Each of the scanning
electron micrographs in this array shows the horns of a male of a different species of the dung
beetle genus Athyreus. Almost nothing is known about the natural history and behavior of
these beetles (in part because all specimens have been captured near lights at night), and it is not
known why species that presumably live under similar conditions have evolved such dissimi-
lar horns. Micrographs were made by Henry F. Howden of Carleton University in Ottawa and
Antonio Martinez of National Council of Scientific and Technical Research in Buenos Aires.
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brood. At present, however, there are
not enough data to properly evaluate
this hypothesis.

The small darkling beetles of a species
closely related to Molion muelleri have
even more improbable weapons, which
they wield in an even more ingenious
manner. Both the males and the females
of the species are endowed with a small
head horn that hooks forward and a pair
of sturdy elongated mandibles that look
somewhat like antlers, rising up and
curving slightly out from the head to
end in flattened tips that point forward
and slightly inward. These structures
can be opened and closed, but because
the beetles live in narrow burrows in
logs and cannot bend their head down
there does not seem to be any way for
them to bring their horns to bear on
opponents. It was not until the beetles
were studied in glass-sided tunnels that
the utility of these strange structures be-
came apparent.

When two darkling beetles meet head
to head in a burrow tunnel, the more
aggressive of the two rolls over 180 de-
grees, and in this position its “antlers”
become efficient, well-positioned pin-
cers for grasping its opponent behind
the head. Even the flat tips of the horns
appear to be functional; in two instances
they were observed to penetrate the
membrane between the head and the
thorax of the attacked beetle and draw
blood. Obviously when a beetle rolls
over to bring its pincers into play, it ex-
poses itself to the same kind of clamping
attack from its opponent, and in nature
pairs of the beetles have been found in-
terlocked in this manner. The ecology of
these beetles is not well understood, and
it is not known what they fight over or
why both the males and the females
have horns.

It would therefore appear that horns
function as weapons in intraspecific
fighting and have evolved because win-
ning such fights is selectively advanta-
geous. It is necessary to be somewhat
cautious in making sweeping generali-
zations about horned beetles, howev-
er, since certain questions about horns
and their function remain unanswered.
There are hundreds, perhaps thousands,
of horned species whose behavior has
yet to be studied. One puzzle they pre-
sent is the bewildering spectrum of horn
designs that are sometimes found within
a single beetle genus [see illustration at
left]. Why do species that presumably
live in similar conditions develop such
dissimilar horns? It is evident that much
more work is needed before questions
such as this one can be answered. On the
other hand, there is a closely related
problem that seems now to be at least
partly solved: the paradox of the beetle
species in which “minor,” or small,
males nearly devoid of horns coexist
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with “major,” or large, males endowed
with elaborate horns.

Beetles do not grow after achieving
adulthood, and so minor males remain
small and hornless throughout their life.
It is therefore difficult to understand
how minors manage without horns.
These unarmed beetles should lose fights
and fail to reproduce, and the genes for
hornlessness should be quickly eliminat-
ed from the population. The explanation
of why unarmed males persist has been
worked out for only two horned species,
but it seems that similar reasoning will
apply to other species with hornless
forms. The simpler case is that of the
bearded weevil Rhinostomus barbirostris.

Bearded weevils exhibit a continuous
and remarkably wide range of sizes. For
example, in one sample of 65 males the
largest one was four times longer than
the smallest and 20 times heavier. (Such
differences in size are probably due to
differences in the feeding conditions of
the larvae.) The tiniest males have only
a very short beak, but they compensate
for their lack of fighting ability by
adopting a completely nonaggressive
mode of behavior. They avoid contests
with other males and try to capitalize on
their small size by sneaking past larger
males to mate with the females those
males are defending. Hence when a large
male is distracted by, say, a fight with

another male, a nearby small male will
move quickly to the side of the female
and begin to edge slowly back alongside
her to position himself for mating. In
some cases the larger male notices the
smaller one and flips him away with his
elongated beak, but in others the small
male succeeds in mating with the fe-
male while the larger male maintains his
guard, apparently unaware of the pres-
ence of the interloper.

The persistence of minor males in the
sugarcane beetle species Podischnus age-
nor is a more complex matter, as can
be seen by considering the graph at the
upper left in the illustration below, in
which the body size of P. agenor males
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“MINOR,” OR SMALL, MALES that have minimal horns coexist
with “major,” or large, males that have substantial horns in seyeral
horned species, including the sugarcane beetle Podischnus agenor. In
P. agenor the minor and major males appear to represent two distinct
morphologies rather than extremes of a continuous range of body
sizes. As is shown at the upper left, when body size (measured as the
width of the elytra at the widest point) is plotted against horn size
(measured as the length of the head horn) for the males of a P. agenor
population, the resulting graph has two distinct linear segments: one
corresponding to minor, hornless individuals and the other to major,
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horned ones. For comparison the graph at the upper right shows how
in the same beetles the width of the prothorax increases as a simple
linear function of body size, a relation that is typical of the growth of
many other body parts. The bar charts at the lower left and lower
right respectively show the distribution of horn lengths and protho-
rax widths for the same group of beetles. The first chart displays two
distinct groupings corresponding to minor and major forms, whereas
the second is simply skewed toward larger sizes. The minor males
in this species seem to display altered behavior that may compen-
sate for their lack of fighting ability (see illustration on page 178).
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EVOLUTION OF HORNLESS MINOR MALES characterized by diminished fighting be-
havior could have occurred gradually within a horned species. Given a typical population of
beetles (a) with a normal size distribution and with the highest fitness, or reproductive capacity,
associated with intermediate sizes, selection for Strategy I (featuring both horns and an asso-
ciated fighting behavior) could result in a generally large-sized population in which smaller
males would be virtually excluded from reproduction (b). If environmental conditions (such
as suboptimal nutrition for larvae) nonetheless persisted in causing production of smaller males,
then for those males selection might favor alternative strategies such as Strategy II, character-
ized at first only by different fighting behavior but eventually by morphological adaptations
such as hornlessness (c). If appropriate conditions persisted, minor caste with distinct morphol-
ogy and fighting behavior would be established and intermediate forms would disappear (d).
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(measured as the width of the elytra at
the widest point) is plotted against their
horn size (measured as the length of the
head horn). The graph has two distinct
linear segments corresponding to small
and large body sizes with an irregular
distribution of values in between, indi-
cating that in this species the small male
represents not simply one extreme of
a continuous range of body sizes but
a distinct morphology. In other words,
there seem to be two basic body plans
coded by two distinct sets of genes: a
minor, or small, version with minimal
horns and a major, or large, one with
substantial horns. Further evidence sug-
gests that each male is genetically capa-
ble of developing either morphology
and that it is the nutrients supplied to the
P. agenor larvae that determine which
set of genes is expressed.

The sugarcane beetle minors differ
from the small bearded weevils in that
they display many of the behavior pat-
terns of major males: excavating a bur-
row in sugarcane stalks, calling (with
pheromone) females from the burrow
entrance and trying (generally without
success) to defend their burrow against
other males. The minors compensate
for their inferior fighting ability, how-
ever, by emerging from the soil (where
they pass their larval and pupal stages)
earlier in the season than most major
males. Furthermore, the results of a
two-year study in which P. agenor males
were followed in the field (after identifi-
cation numbers were scratched on their
elytra) suggest that the minor males
also disperse over a wider area than
the major males and so the possibili-
ty of their coming in contact with (and
being forced to compete with) major
males is minimized in terms of space as
well as time.

hese two examples in which small,

unarmed males exhibit altered be-
havior that compensates for their lack
of fighting ability may provide a gener-
al explanation of how minor males per-
sist in horned species. It is not difficult
to see how a dimorphism such as that
exhibited by Podischnus agenor in both
body structure and behavior could have
evolved by gradual steps. Consider a
species for which the direct competition
for vital resources is so intense that
smaller individuals are virtually exclud-
ed from reproduction but for which en-
vironmental conditions (such as subop-
timal feeding conditions for larvae) con-
tinue to give rise to small individuals.
Such circumstances could favor the fac-
ultative adoption by the individuals that
happen to be small of alternative adap-
tations, at first behavioral but eventually
morphological. In at least some situa-
tions such alternative “strategies” could
result in the salvaging of sufficient re-
productive capability to maintain in the
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species the genes associated with the
strategies.

Another aspect of the function of bee-
tle horns that still remains to be ex-
plained is the fact that in many unrelat-
ed groups of horned beetles the horns of
larger species tend to be larger with re-
spect to body size. Such differences have
been thought to be a consequence of the
phenomenon of allometric growthrates,
where the growth of a part of an organ-
ism is an exponential function of the
growth of the whole. In some, and per-
haps many, species of horned beetles,
however, horn size has a linear relation
to body size rather than a geometric one.
Daniel Otte and Katherine Stayman
of the Academy of Natural Sciences of
Philadelphia have recently shown this to
be true for a number of species of stag
beetles (members of the family Lucani-
dae), and it also holds for the species
Podischnus agenor and Rhinostomus bar-
birostris. (In the case of P. agenor, of
course, there are two linear relations,
one for minor males and one for major
males.)

It might seem that the presence of rel-
atively larger horns in larger beetles
could be explained by the fact that the
larger species are proportionately heavi-
er and stronger than the smaller ones.
(The cross section and so the strength of
the muscles increase as a function of the
square of the body length.) The larger
species are therefore able to effective-
ly manipulate proportionately longer
horns. The trouble with this explana-
tion is that it works only within a taxo-
nomic group such as a genus or a fam-
ily. Comparing different groups, one
finds that small beetle species that are
large in relation to the other species in
their group have relatively large horns,
whereas larger species that are small in
relation to the others in their group have
relatively small horns or even none. For
example, the largest species of the fami-
ly Ciidae are only two to three milli-
meters long but have quite spectacular
horns. The fact that this pattern is found
in many groups of horned beetles sug-
gests there is some underlying physical
relation, but it has yet to be identified.

Beetles are of course not the only ani-
mals with horns. Many species of
ungulates, or hoofed mammals, also
have well-developed horns, and a com-
parison of the functional morphology of
these structures with that of beetle horns
points up important differences between
the two groups. To begin with, howev-
er, there are certain important similari-
ties. In ungulates as in beetles a varie-
ty of hornlike structures (antlers, tusks
and so on) have evolved independently
in many different species. Like beetle
horns, many of these structures are larg-
er in relation to body size in larger spe-
cies, they are often limited to the males



of a particular species and in some in-
stances they are missing from certain
males of a horned species. (For exam-
ple, male “hummels” of the red deer
lack the regularly branched antlers
found on other males of the same spe-
cies.) There has also been much specula-
tion about the function of ungulate
horns, but here the behavior of many
species has been observed. Once again
the most reasonable conclusion to be
drawn from the available evidence is
that the structures evolved primarily as
weapons for intraspecific combat.

When one turns to the specific way in
which ungulate horns function as weap-
ons, however, all resemblances between
ungulates and beetlesend. To put it very
generally, it would appear that ungu-
lates and beetles have developed more
or less similar structures they employ in
completely different ways to accomplish
similar ends. Consider the following
summary of a general scheme of the
function and evolution of ungulate
horns that has been proposed by Valeri-
us Geist of the University of Calgary.

The most primitive ungulate horns
are small and in many instances sharp
structures that serve to concentrate the
force of stabbing or ripping blows di-
rected to the body of an opponent. In
many species these horns can inflict se-
vere wounds: the commonest protection
against them is heavy hair (as in moun-
tain goats) or a thick hide (as in boars).
Some species have evolved a different
type of defense: the tactic of parrying an
opponent’s thrusts with the head or the
horns. In these species (which include
such diverse ungulates as cattle, or
members of the genus Bos, the small
Asiatic deer Muntjac and several species
of wart hogs) the horns have acquired
the additional function of receiving and
controlling the attacks of horned oppo-
nents. These animals fight head to head,
trading blows to the head and horns,
each combatant trying to push the other
off balance so that a damaging blow can
be delivered to the body.

The most complex horns in ungulates
are associated with two other tactics
that have evolved from this parrying be-
havior: ramming and wrestling. Ram-
ming species such as the spiral-horned
mountain sheep Ovisdalli fight by charg-
ing at each other from a distance and
crashing their blunt horns together. In
this type of attack the horns serve not to
stab or rip but only to concentrate the
force of the blow delivered and to ab-
sorb the impact of the blow received.
The commoner type of behavior, how-
ever, is wrestling, where animals fight by
locking their horns together and then
twisting and/or pushing against each
other.

In some ungulates that employ this
tactic, such as the cervids (deer, elk and
caribou) and elephants, the horns or
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tusks have retained their stabbing func-
tion and a wrestling match may end in a
goring; in others, such as many species
of African antelopes, the horns serve
only to lock opponents together in con-
tests of strength. In addition the use of
horns for intimidation in prefight dis-
plays has probably been involved to
some extent in the evolution of certain
complex horn designs, although data
bearing on this hypothesis are difficult to
gather. Geist’s study of mountain sheep
makes the most convincing case to date.
Stephen Jay Gould of Harvard Univer-
sity hasalsoargued that the largest of all
mammalian horns, the gigantic horns of
the extinct Irish elk, served mainly for
display.

Hence ungulate horns function very
differently from beetle horns, which sel-
dom serve to deliver stabbing blows, to
intercept opponents’ attacks or to ram
opponents. Moreover, the commonest
applications of beetle horns—to pry up
or lift opponents—are rarely observed
among ungulates. There are probably
several reasons for these differences.

To begin with, the hard, armorlike
covering 'that shields a beetle’s body
makes stabbing (the original function of
the earliest ungulate horns) a largely in-
effective form of attack for beetles. Con-
versely, the vulnerability of the mam-
malian body makes prying (probably
the most primitive function in the evolu-
tion of beetle horns) less advantageous
for ungulates. After all, if an ungulate
can maneuver its horns into the kind of
contact with an opponent’s body that
is necessary for prying, an immediate
stabbing or gashing attack would gener-
ally be far more effective.

It also seems reasonable that ram-
ming has not evolved as an important
tactic among horned beetles. Ramming
is only likely to be advantageous behav-
ior for animals capable of rapid, well-
directed movements on the ground, and
whereas horned ungulates arose from a
stock whose basic defense against pred-
ators was swift, agile movement, beetles
are generally slow and clumsy.

In conclusion it seems fitting to return
to the problem that has long been ba-
sic to the study of horned beetles: the
surprising lack of observations of these
creatures, some of the most magnificent
organisms ever to evolve. As Darwin
pointed out, if a male beetle of the genus
Chalcosoma were magnified to the size
of a dog or a horse, “with its polished
bronzed coat of mail and its vast com-
plex horns...it would be one of the
most imposing animals in the world.”
That horned beetles have been so often
the subject of speculation but so seldom
the subject of serious study is curious.
Surely there is time for the contem-
plation of these splendid animals with
which we share the earth.
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THE AMATEUR
SCIENTIST

Stalking the fossil trilobite,

crinoid and seed fern in Ohio

by Jearl Walker

lecting fossils in Ohio, working

over both shale and limestone.
Ohio has a wide variety of fossils in
an excellent state of preservation. Here
I shall concentrate on marine fossils,
in particular trilobites and crinoids, but
I shall also discuss some plant fossils I
found in eastern central Ohio. My em-
phasis will be on the fundamentals of
fossil collecting: how to find a good site,
how to remove the fossils and how to
clean and display what you have found.

Many amateur collectors particularly
prize trilobite and crinoid fossils. The
trilobite was an arthropod distinguished
by the division of its body into three
lobes, one lobe on each side and one
in the middle. The body was further di-
vided into cephalon (head), thorax (cen-
tral section of the body) and pygidium
(tail). Trilobites probably were scaven-
gers that crawled over the ocean bot-
tom, feeding on biological debris. They
had jointed legs, but the legs and other
appendages are rarely preserved in the
fossils. The harder exoskeleton is well
preserved in the shales of Ohio.

The crinoids were an ancient group of
echinoderms. Some were free-floating
but most were attached to the bottom
by a stem and some rootlike branches.
These crinoids must have appeared to
be more plant than animal; they resem-
bled lilies and grew in stands as though
in a garden. The body was cup-shaped
and had a mouth on top surrounded by
five branched and flexible arms. The
cup, arms and stem are preserved in fos-
sils, but a whole crinoid is difficult first
to find and then to get out of the rock
without damage. Usually a collector un-
covers only parts of a crinoid, but even
they can reveal much about the nature
of these animals.

An easy way to find a fossil site is
to have an experienced collector lead
you there. When that opportunity is
not open, you must seek out the sites
through detective work. Since most sites
will be on private property, you should
always get permission before you en-
ter the area. Failure to do so may lead

For several months I have been col-
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to prosecution, particularly if you enter
private mines and quarries. The owners
of some quarries in Ohio automatically
have anyone caught on their property
jailed.

Some of the most likely places to find
fossils are cuts through hills for roads
or railroads. Scout through such a cut,
watching for fossils weathered out of
the rocks; dig into any likely looking
outcroppings of sedimentary rocks. If
you see pieces of fossils, explore the site
with further digging. Fresh road con-
struction is also promising (although
here again permission may be needed).
For example, when an interstate high-
way was being built in Cleveland a few
years ago, the crews clearing the ground
broke into a magnificent deposit of fos-
silized fishes that was only a few minutes
from my office near the downtown area.
The Cleveland Museum of Natural His-
tory carefully unearthed the fossils and
now has a fine collection of fossil fishes.
The deposit was small, and although I
and others have searched through the
nearby shale (the site of the deposit is
now covered by the highway), we have
not found any more fossil fish.

Another likely place to investigate is
along a stream bed that cuts through the
soil and down into the bedrock. As you
walk along the stream watch for fossils
embedded in the rock. You might also
occasionally crack open a piece of rock.
If you do find a fossil in such a rock,
investigate the shores of the stream to
find the outcropping of shale or lime-
stone from which the rock came.

My friend Edgar Roeser took me to a
stream near Cincinnati where parts of
trilobites could be found in the walls of
the stream bed and various other fossils
were visible in the hard limestone slabs
along the stream. Still, most of the rock
exposed at low water proved to be near-
ly barren, yielding only common speci-
mens or poor ones. We were looking for
a particular type of trilobite known as a
flexicalymene. After we had discovered
some fossils in a particular layer, Roeser
showed me how the layer continued up-
stream and disappeared into the water.

© 1980 SCIENTIFIC AMERICAN, INC

After mentally extrapolating the level of
the layer we waded into the stream at an
appropriate place and began to pry up
slabs of shale from the bottom, groping
in the water we had muddied. Within a
few hours we each had pulled up about
five “flexis,” some in very good condi-
tion. (To find this place Roeser marched
me through several miles of poison ivy
and poison oak. The resulting rash near-
ly drove me crazy for two weeks, but the
flexis were worth it.)

Another good prospect for fossils is a
mine dump or a quarry. (Never enter an
abandoned mine tunnel!) The rock there
is often broken up by the mining opera-
tions and weathered by exposure. Many
people prefer this type of location be-
cause it requires little digging. In a quar-
ry near Toledo I met a collector who is
particularly adept at this kind of hunt-
ing. He was marvelous at spotting “roll-
ers”—rolled-up trilobites—lying partial-
ly weathered in the dump piles around
the quarry. I suspect he took keen plea-
sure in showing us his huge rollers (each
two inches or so in diameter) after my
friends and I had spent half the day rum-
maging in the quarry in the hot summer
sun, usually finding only a few odds and
ends of small trilobites.

The best trilobite I found all summer
was one I picked up from the dumps
within the first hour of my first trip to
hunt for fossils. It was a small roller
about an inch in diameter and in almost
perfect condition. The individual facets
of its compound eyes could be seen
clearly. All the other trilobites I found in
the area had to be pried out of the walls
of the quarry with exhausting effort.

Once a fossil location is found you
should make a map of the area or iden-
tify the site on a large-scale map. This
procedure not only will help you to re-
member the site but also will enable oth-
ers to follow your map to the location.
With many sites on a map you may also
be able to correlate the type and abun-
dance of fossils at several sites. If the
map is topographical or geological, you
might be able to predict the location of
other fossil-bearing sites in the area.

For the purpose of correlation you
should label each fossil when you col-
lect it. Write the name of the site and
the date on the container in which you
put the fossil. You probably should also
indicate the depth or level from which
the fossil came. When you return to that
site, you can then continue to work at
the same level rather than wasting time
on unrewarding levels.

Fossils are found in sedimentary
rocks, some of which are easier to deal
with than others. The limestones in Ohio
sometimes yield good specimens, but
in general I find their hardness an obsta-
cle to fossil collecting. The Ohio shales
are softer and much easier to open up
to expose fossils, and so one can work
through a lot more shale than limestone



A group of fossil trilobites collected in Ohio

A fossil crinoid
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in a day. It is also far easier to remove a
specimen from soft shale than it is from
harder rock.

If the fossil-bearing rock lies in the
side of a cut such as one made for a
road, you should be able to see the con-
tinuation of the stratum on the opposite
side of the cut. If the stratum is straight
and contains fossils, you may be able to
find fossils all through it. If it is strongly
folded or fractured, it is not promising,
because even if it once contained fos-
sils, they would probably have been de-
stroyed by the folding or fracturing.

I have collected most of my fossils on
the slopes above stream beds or in quar-
ries. Either kind of site can be dangerous
if there is much loose rock above the
collection level. Mining operations in a
quarry often leave heavy boulders over-
hanging shale that looks promising. Jeff
Aubry, who is widely known for his col-
lection of fossils from Ohio and the sur-

rounding states, was once hit by a rock
in the quarry I frequented this summer.
He was unconscious for several hours.
If more rock had come down the slope,
he might have been killed. Even if you
have had experience with collecting, do
not dig below a large overhang of rock
no matter how tempting the place may
seem.

The general strategy for digging on a
slope is to level a section so that slabs of
rock can be lifted and examined. When I
worked on a slope, I began digging well
above the stratum in which I was inter-
ested. My initial cut was high enough
so that a straight line downward would
cross through the stratum at least a me-
ter in from the slope. Digging out the
overburden took hours and considera-
ble effort with a pick and shovel. Some-
times the overburden itself yielded in-
teresting fossils, but usually this stage of
the digging was simply tiring.

Amateur fossil hunter on a ledge in a quarry near Toledo
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When 1 finally had the overburden
cleared away, the shale at the level I was
interested in was exposed for several
square meters. Along the sides and the
back of the exposed area I pounded long
chisels to a depth of four or five centime-
ters with a sledgehammer, rocked them
slightly and then removed them. Next I
carefully drove a long chisel horizontal-
ly into the side of the shale layer sever-
al centimeters below the top surface in
order to pry up a slab. The chisel holes
at the rear and the sides facilitated the
proper fracturing of the slab.

After lifting the slab I examined the
bottom of it and the top of the layer of
shale under it. If I saw no fossils, I stood
the slab on one edge and split it further
by tapping a small chisel or screwdriver
into the other edge with my hammer.
Although the shale is easily split, the
splitting should be done with restraint. I
have destroyed some beautiful trilobites
by heavy-handed hammering.

Digging out the overhang and the
slabs this way is hard work and can take
hours or even days. Some people pre-
fer to dig directly into the wall. The ad-
vantage of the longer and more careful
work becomes apparent if you open up a
slab that holds several good fossils. Sin-
gle fossils can be recovered by digging
straight into the wall, but the chances
are slim that you can avoid damaging
the delicate types such as the flat trilo-
bites or the complex crinoids. On the
other hand, if you can lift out a slab with
several good fossils in it, you have a val-
uable discovery because the slab will be
far more impressive than a single fossil
cleaned and removed from its matrix.

Scott Vergiels of Temperance, Mich.,
recently showed me a slab he had wres-
tled out of the quarry near Toledo. It
contained a complete crinoid and seven
trilobites. I was impressed. Vergiels told
me of a remarkable slab Aubry had dug
out of the quarry: it had 26 complete
trilobites in it.

Unless the fossil you uncover is nota-
bly solid (some of the brachiopods may
be solid enough) the specimen should be
left in its matrix until you have carried
it home. I recommend that you avoid
cleaning the specimen while you are in
the field. If part of the specimen is
chipped when the fossil is exposed, gath-
er up the chips. I prefer gluing them
to the matrix so that I can reconstruct
the fossil at home. A dilute white glue
(which is water soluble and so can be
loosened easily) will do. If the fossil
seems to be in danger of falling apart, I
apply a small amount of glue near the
loose edges. Capillary action pulls some
of the glue under the loose pieces and
secures them after a few minutes.

Many fossil collectors prefer to carry
out all but the largest slabs in small
baskets. If you use a basket or a box,
avoid packing one specimen on top of an-
other; the specimens can easily damage
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The Middle Devonian trilobite Phacops rana milleri

each other. If you wrap your specimens
in newspaper, paper towels or plastic
foam, you can carry them in a backpack.

Many fossil specimens can be cleaned
roughly with an old dental tool or even a
safety pin. With a trilobite fossil I pick at
the shale, being careful not to flick away
any of the fossil itself. Fine metal points
are needed to remove the shale in the
narrow crevices of the trilobite and to
expose the arms of a crinoid.

Excellent cleaning can be done with
an air gun (a miniature “sand blaster”)
that many avid fossil collectors have
bought, although the cost is now more
than $1,000. The gun blows a fine pow-
der from a small nozzle that one directs
at a glancing angle to the specimen,
removing the matrix without damaging
the fossil. Different powders are avail-

able for different types of fossil. For
example, a harder powder (aluminum
oxide) may work best for a hard brach-
iopod and a softer powder (sodium bi-
carbonate) for the delicate work need-
ed to expose a crinoid. If the fossil is
harder than the surrounding matrix, the
stream of powder is directed at the fos-
sil surface at a glancing angle; the ma-
trix is flicked away by the impact. If
the fossil is softer than the matrix, the
stream must be directed at the matrix
or the fossil will be damaged. The air
gun is useful only if there is a difference
in hardness between the matrix and the
fossil so that the impact of the powder
can fracture the shale at the interface.
Dental tools are handy for the recon-
struction of broken fossils. A loose piece
of fossil can be lightly coated with dilute

The crinoid Cunctocrinus fortunatus in side (left) and rear views
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glue and then positioned on the fossil
with a dental pick. I lick the tip of the
tool in order to provide a little adhesion
between the tool and a dry surface on
the loose piece.

Some chemicals will remove shale or
limestone through a reaction that leaves
the fossilized material unaltered. For
example, some acids will eat away lime-
stone without damaging a fossil that is
composed of silicon dioxide. With speci-
mens in shale I prefer to avoid chemi-
cals, since I get better results with a den-
tal pick and an air gun. If the specimen is
in limestone, however, one often must
resort to chemicals.

The matrix in which a fossil is found
can be cut down to a convenient size and
then flattened on the back with an abra-
sive masonry disk (sold in hardware
stores). The disk is mounted on an elec-
tric drill the same way a drill bit is. Flat-
tening the back of a rock (the matrix, not
the fossil) enables you to glue it to a
mounting board. Roeser has assembled
displays of some of his fossils by gluing
the flattened back of the rocks to canvas
stretched on a frame as for a painting.
Fossils can also be put in a display case.

My most rewarding digging was done
in the stone quarry near Toledo. The
quarry contains part of the rock unit
known to fossil collectors as the Silica
Formation, which was formed 350 mil-
lion years ago in the Middle Devonian
period. It was part of the sea in what is
termed the Michigan Basin. The basin
held a saltwater sea that extended into
Ontario and for a while into New York.
After the sea had receded and disap-
peared uplifting, warping and erosion of
the ground exposed and removed much
of the Silica Formation. What remains is
rich in fossils.

Six zones of sediment deposition have
been identified in the Michigan Basin.
Only two of them are important in the
Toledo quarry. One zone is called the
coral-brachiopod zone; it consists of
limestone and calcareous shale holding
fossils of corals and large brachiopods
and a few bryozoans, crinoids and blas-
toids. The other zone is called the di-
verse-fauna zone. It was originally mud
flats and now consists of clay stone or
shale with little calcareous content. It
holds fossils of bryozoans, brachiopods,
ostracods, trilobites, corals and other
marine animals.

Some people believe the ancient sea at
the site of the quarry must have been no
deeper than about 150 feet. If it had
been deeper, the corals would not have
received enough sunlight for growth. If
it had been considerably shallower, evi-
dence of turbulence from the surface
waves would appear among the fos-
sils. Very shallow water would probably
have been too rough for crinoids and
other rather frail animals. Much infor-
mation about the fossils of the quarry
has been collected in a book, Strata and



Chess Challenger-10 did more than win the
Penrod Memorial Microchess Tournament,
it literally trounced all opponents. Personal
Computing Magazine, February, 1979, re-
ports, “Chess Challenger-10 emerged as the
easy victor with ten wins, two draws and no
losses.”

All Top Name Performers

There were no amateurs in the champion-
ship playoff. Every contender bore the brand
of a well-known electronic chess game, and
each was accompanied by its entourage of
coaches, programmers, and engineers. After
each contestant had played all of the oppo-
nents in round robin fashion, the brilliant
Challenger-10, stood far ahead of its second
place runner-up.

Nobody Knew

Unknown to the other companies, the unde-
feated tournament leader was being retired
after the contest. Taking its place was a far
more powerful chess computer, the Chal-
lenger “7" This new micro-computer had
already beaten the official undefeated champ
during a series of pre-tournament warm-up
games at the factory. Its engineers explain
that it is simply 14 months ahead in tech-
nology, in finer algorithm sophistication
and in its superb performance.

Improve Your Game to Near Brilliant
Within its seven different levels of play, you
can enjoy every degree of chess competi-
tion, from beginner to tournament skill. Its

Final Results

“Chess Challenger-10 Wins Microchess Tourney”

—Personal Computing Magazine
February, 1979

Genius

“Its successor, the new Chess Challenger ‘7

total flexibility lets you change games mid-
stream or switch sides with the computer to
see how it would handle your dilemna. You
can add pieces to your side or take away the
computer’s Queen. It is a superb teacher!

Touch the PV key and the “7's"” total recall
memory will verify every piece position on
the board. You can even set up hypothetical
encounters to test its reaction at each level.

Fidelity’s Challenger “7” is able to analyze
over 3,024,000 board positions. It master-
fully handles over one thousand book open-
ings and will respond to any deviation.
Academic openings as Sicilian, French, Ruy
Lopez and Queen Gambit Declined, are just
some of the challenges to keep you on your
toes.

It Knows Every Rule in the Book

The Challenger “7” will permit you to castle
or perform an En Passant capture or do so
itself, if that is its best move. When your
pawn has reached the eighth rank, it will be
automatically raised to a Queen, unless you
tell the computer to promote it to another
piece. It will take on any player and sharpen
his skills considerably...but it won't permit
illegal moves.

Sound Signals
You just cannot believe the chess 1.Q. of this
phenomenal unit. The Challenger “7"” has a
beep audio feedback which sounds to ac-
knowledge your move, and double beeps
when the computer has made its response.

Reprinted Courtesy of Personal Computing, February, 1979. P. 66. (Darker lines ours.)
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is infinitely more powerful”
—S. Samole
President, Fidelity Electronics

At Level 1, its average response time is 5
seconds. At Tournament Level 7, the Chal-
lenger makes championship decisions in
just 3 minutes.

Unbeatable in Price As Well As Play
Best of all, the Chess Challenger “7” is the
most affordable electronic unit you can own.
It is just $89.95 complete with Staunton de-
signed pieces and UL approved 110V AC
adaptor.

All pieces are magnetized, to stay where
you place them on the permanent metal
board. The set is mounted in a simulated
wood-grained housing which measures
12" x 8" x 1*' Bright, one-half inch tall LED
electronic digits, provide unmistakably clear
readout. The unit is backed by a 90-day
manufacturer’s limited parts and labor war-
ranty.

Enjoy It for 10 Days—At Our Expense
As a gift or for yourself, the “7" is unques-
tionably the finest chess computer you can
select...but, if within 10 days, you are not
satisfied, simply return it for a prompt, no-
questions-asked refund.

= CREDIT CARD ORDERS CALL TOLL FREE
800-621-5809
ILLINOIS RES: 800-972-5858

24 HOURS—7 DAYS/WEEK

" Please send me________Chess Challenger 1
“7(s)" at $89.95 plus $3.00 for shipping and
insurance. lll. residents add 5% sales tax. If
not satisfied, | can return it within 10 days
for a refund.

E American Express
BankAmer./Visa

Credit Card No.
Master Charge # _ _ _ __  Exp. Date

Enclosed please find check or money order.
Charge My Credit Card:

Master Charge
Diners Club

0 Carte
Blanche

Name
Address
City
State

s
| s
-

Zip

|
I
I
I
I
I
I
I
I
I
I
I
o |

SA-3 © Comelot 79

C I
Camelort
DIRECT
801 Green Bay Rd., Lake Bluff, IL 60044

A DIVISION OF UNITED EDUCATORS, INC.

189



Megafossils of the Middle Devonian Silica
Formation, by Robert V. Kesling and
Ruth B. Chilman, published at $10.50
by the University of Michigan Muse-
um of Paleontology, Ann Arbor, Mich.
48104.

The quarry is divided into a northern
and a southern section by a county road.
The southern section is closed to collec-
tors because it is still being mined. The
northern section has not been mined in
years and is open to amateur collectors,
although I have heard a rumor that new
owners will soon close it. The northern
section is partly filled with water that
has run off from the surrounding land.
At the sides of the quarry are steep
cliffs where the fossil-containing strata
of limestone and shale are exposed.

Fossils can also be found in the piles
of shale and limestone mined and then
dumped on the surrounding land. Cor-
als and shells turn up in quantity on flat
land at the northern end of the quarry,
where layers of fossils formerly under-
ground have been exposed by uplifting
and weathering. Although I explored
the dump piles and the ancient reefs, I
spent most of my time working with
friends (Roeser, Vergiels, Dave Watson
and Mike Walsh) on a ledge about half-
way up one of the cliffs.

The rock layers along the cliffs have
been labeled and connected geologically
with layers in the southern section of the
quarry and with layers elsewhere in the
Michigan Basin. The labels are num-

Depth

Units _ (feet)
1

—

Ten

Mile
Creek
dolomite

Silica
Formation

Dundee
limestone

B

Stratigraphy in the quarry
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bered units that begin in the limestone
under the shale. Unit 11, an easily work-
able layer of shale, was approximately
at eye level when I stood on the ledge.
Under it was a narrow stratum of hard
limestone, Unit 10, about six inches
thick. (The thicknesses of the units are
not constant throughout the quarry.)
Near belt level was a thicker layer of
shale, Unit 9B, which extended down-
ward some six feet, ending on more
limestone under the floor of the ledge.
Although various types of fossils were
below and above me, I concentrated on
Unit 9B. Toward the top of the unit sev-
eral good specimens of trilobites had
been collected. Toward the bottom of
the unit the trilobites were rarer but
usually larger.

Two types of trilobite are predomi-
nant in the Silica Formation. Phacops
rana crassituberculata is normally found
in units 8 (shale) and 10 (limestone). P.
rana milleri is usually in units 7 and 9.
Since the “crassies” are farther down,
they must have existed at an earlier time
than the milleri, although some slabs
dug out of the Silica Formation contain
both types of trilobite, indicating that
for a time they coexisted.

My procedure for digging on the cliff
was first to remove the overburden
above the preferred level and then to
split out large slabs of shale. Early in the
morning I dug into the wall at about face
level, chopping and shoveling my way
back for about two feet. The cut was
about four feet wide. Then I extended
the cut downward, chopping out the
hard limestone as fast as I could but be-
ing more careful with the shale. Most of
the shale was weathered because it was
near the surface. Water seepage had
made some of it so fragile that it crum-
bled in my hands. The only fossils I re-
covered from this shale were the harder
brachiopods.

By midafternoon I had reached a level
between my belt and my knees. Now the
cut was much deeper into the wall be-
cause of the slope. The shale was less
weathered and could be split off in large
slabs. Here I worked slower for fear
of damaging the fossils. Some of my
stronger friends managed to pry out
slabs weighing 100 pounds or more. Al-
though these large slabs are difficult to
handle, they eventually save the collec-
tor much time. An old dictum of fossil
collecting is that the more you can dig
out in a promising spot, the better your
chance is of finding rare and prized
specimens. Some of my friends work
like human power shovels, clearing out
large cuts into the slope in a day.

If I reached a promising specimen,
I naturally slowed down considerably.
Ordinarily a rolled trilobite was firm
enough so that it and its surrounding
matrix could be chipped out of a larger
slab without much concern that it would
be damaged. Flat trilobites and all cri-
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noids required more attention. Usually
a bit of dilute white glue had to be ap-
plied to a flat trilobite before its sur-
rounding matrix could be safely chipped
out of a slab. Crinoids are difficult to
recover without damage unless one is
extraordinarily lucky in splitting open
a slab just the right way. Without such
luck one must work patiently with small
chisels and delicate taps of a hammer to
follow the full length of a crinoid and
then free the slab in which it lies. One of
the saddest sights in the world is a frac-
ture line running directly across a good
crinoid or trilobite specimen.

Trilobites molted periodically during
their lives, shedding their exoskeleton
in order to form a new and larger one.
These molts are relatively abundant in
the shale, sometimes frustratingly abun-
dant when they appear to be a whole
trilobite. I found one trilobite that had
died after it had molted and before a
larger exoskeleton had hardened. These
specimens, called soft-shells by collec-
tors, are difficult to spot because they
blend into the color of the shale more
than the normal trilobite fossils do. The
soft-shells are also difficult to recover
intact because the fossil is quite fragile.
Fossils of the appendages and soft un-
derside of trilobites are rare, and they
are not found at all in the Silica Forma-
tion. The preserved exoskeleton consists
of calcium carbonate and calcium phos-
phate that had hardened the original
chitinous covering.

In addition to trilobites Unit 9 con-
tains phyllocarids, clams, large brachio-
pods and many other fossils. One of my
friends, Zarko Ljuboja, dug a slab con-
taining nine fossil starfish out of the rock
unit. I have witnessed several large trilo-
bites, both rolled and flat, being split out
of the shale. Alas, I was always working
next to the person who found the large
specimen, never at the right place to get
one for myself.

Of all the fossils I have found or seen
the trilobites remain the most fascinat-
ing, particularly because of the evolu-
tion that apparently shaped them. Many
different types of trilobite have been
identified around the world. The ani-
mals had a variety of shapes and sizes,
the length of adults ranging from six
millimeters to 75 centimeters. They first
appear in the fossil record from earli-
est Cambrian times (some 600 million
years ago); by middle Paleozoic times
they had become specialized, and by the
end of Permian times (225 million years
ago) they had waned and disappeared.
During their peak period they were ap-
parently abundant in fairly shallow wa-
ters, feeding on small organisms and
organic waste on the muddy bottoms.
Judging from the many rollers found at
fossil sites, many trilobites died at a time
when they were rolled up.

The adaptations of trilobites led into
a variety of evolutionary paths. For



Pry slab upward

example, the eyes of different species
of trilobites were noticeably different.
Some of the trilobites had small cres-
cent-shaped eyes, some had large eyes
that dominated their cheeks, some had
small eyes mounted on stalks that ex-
tended from their cheeks and some had
no eyes at all. One can guess at why the
eyes evolved in these different ways.
The large eyes may have been for trilo-
bites that lived in deep water where the
light was dim. The blind trilobites may
not have needed eyes because they spent
their lives burrowed in the mud.
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How to remove a flat shelf 7of shale

The trilobites I saw at the Toledo
quarry had compound eyes with the fac-
ets arranged differently in the two sub-
species. The P. rana milleri specimens
had eyes with eight facets in each verti-
cal row and an average of 104 facets per
eye. The P. rana crassituberculata speci-
mens had eyes with six or seven facets in
a vertical row and only 77 per eye.

In some of the trilobites each facet of
the compound eye consisted of two lay-
ers of material, arranged so that the out-
side and inside surfaces were simple
convex shapes and the surface between

Neuropferis

the layers was a more complex shape.
According to research done by the pale-
ontologist Euan N. K. Clarkson of the
University of Edinburgh and the physi-
cist Riccardo Levi-Setti of the Universi-
ty of Chicago, the form of the composite
lens is approximately the ideal one for
the elimination of spherical aberration.

The outer layer of the trilobite’s eye
consisted of calcite, a birefringent min-
eral of the kind I discussed in this de-
partment for December, 1977. In gen-
eral when light travels through a bire-
fringent crystal, it is split into two rays

Alethopferis

Seed-fern fossils: Sphenophyllum, Neuropteris and Alethopteris
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according to the polarization of the rays
with respect to the crystal axes. Such a
splitting of light rays would have made
an interpretation of the environment by
a trilobite virtually impossible, but evo-
lution gave rise to a lens with the calcite
crystal oriented advantageously. When
light entered the lens, it traveled along
the optical axis of the crystal and was
not affected by birefringence. Hence the
trilobite saw only a single image.

I also collected a number of plant fos-
sils from a strip-mining operation in
the hills of eastern central Ohio. Large
amounts of shale had been put in dumps
on the surface, but all of it was barren of
fossils. At one end of the mined area, on
the side of a gentle hill, a small stream
had cut its way into a lower layer of
shale. Along the slopes of the stream the
shale was full of plant fossils.

Roeser and I dug into the slopes,
cleared the overburden and finally got a
flat working area on the shale layer. Al-
though the plant fossils were abundant,
recovering a whole specimen was dif-
ficult because of the orientation of the
fossils and the nature of the surrounding
rock. Where the marine fossils from the
Silica Formation were usually nicely ex-
posed when I split open a slab of shale,
the plant fossils were almost randomly
oriented in the slab. When I split such a
slab open, the fracture was likely to cut
through several specimens. Neverthe-
less, the fossils were so abundant that by
the end of the day Roeser and I each had
plenty.

Most of the plant fossils from the site
appear to be seed ferns, which are fern-
like plants that bear seeds rather than
spores as true ferns do. We found exam-
ples of Sphenophyllum, which had a cir-
cular array of fan-shaped leaves on the
end of a slender stem. There was also
Alethopteris, which had long leaflets
extending to the sides from a central
rib with a prominent central vein. Vari-
ous other fernlike plants (Pecopteris and
Neuropteris) were dug out of the walls.
Roeser discovered a layer of Spheno-
phyllum that extended along the slope at
a slight slant for at least 10 feet.

All these plants were deposited in a
stagnant muddy lagoon some 230 to 320
million years ago. Since the plants were
not hardened by mineral matter, their
preservation depended critically on the
absence of oxygen and aerobic bacteria.
Apparently the plants Roeser and I un-
covered had dropped into the stagnant
waters and had been covered with mud
before decay could set in.

Ohio is rich in fossils, yielding speci-
mens from several of the ancient ages.
Many other areas of North America,
however, are equally rich in these speci-
mens and others as well. Why not take a
walk along a stream bed or a road cut
and see what kind of animals and plants
lived in your area long ago? You are
likely to wind up with a pleasant addic-
tion: fossil collecting.
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BY EWAN CAMERON
AND LINUS PAULING

A Nobel Prize winner and a
Scottish surgeon have some
remarkable news about treating
cancer, and about avoiding the
disease altogether.

These two men have a message of hope for many
people who are suffering from the ravages of cancer.

Their work has shown that many persons suffer-
ing from cancer can be treated in such a way that
the growth of theircancers can be halted and some-
times reversed, and sometimes the cancer can be
made to disappear.

Their weapon: a body of experience and research
knowledge about the extraordinary therapeutic
power inherent in the proper usage of a low cost,
widely available substance —vitamin C.

CANCER AND VITAMIN C

Their new book, CANCER AND VITAMIN C,
contains more than 50 case histories of cancer
patients who have derived benefit from vitamin C.
These detailed accounts cover breast cancer and
cancers of the lung, pancreas, prostate, colon, kid-
ney, stomach, and other parts of the body. In each
case the use of vitamin C is carefully detailed as to
amount, length of time used, and whether it was
used alone or in combination with other forms of
therapy, and the results of the treatment are pre-
sented. Accounts of controlled clinical trials are
also given.

CANCER AND VITAMIN C'is a comprehen-
sive book about cancer written in plain language for
a lay audience. It describes cancer in many of its
different forms. It weighs the value and limitations
of surgery, radiation, chemotherapy, hormones,
immunotherapy, and a number of unorthodox ther-
apies, including Laetrile. And it emphasizes the
value of supplemental vitamin C as a supportive
measure in all cancer treatment, providing helpful
details on dosage and methods of administration.

ABOUT SAVING LIVES

Every day, 1,100 Americans die of cancer. If it
were possible to decrease this number by even one-

tenth, this would save the lives of 40,000 people
every year in this country alone. Dr. Cameron and
Dr. Pauling firmly believe that the correct use of
vitamin C as a supplement to conventional meth-
ods of treating cancer has a much greater potential
even than that for saving lives.

Of possibly even greater importance is their
belief that for many people a properly large daily
intake of vitamin C may well be a principal key to
freedom not only from cancer but also from other
diseases.

HOW TO GET YOUR COPY

CANCER AND VITAMIN Cis published by
the Linus Pauling Institute of Science and Medi-
cine, and distributed through bookstores by W. W.
Norton Co. If you prefer, you may use the coupon
below.

Royalties from the book are being contributed by
the two authors to the Linus Pauling Institute of
Science and Medicine, for support of additional
research.

Linus Pauling Institute
of Science and Medicine
| 2700 Sand Hill Road
| Menlo Park, CA 94025

| Please send me ___ copies of CANCER AND
VITAMIN C. Cost per copy: $10.75 (includes shipping).
| Cost to California residents: $11.35 (includes shipping and
l sales tax). Check or Money Order enclosed.

| Print Name

| Address Apt.
|

| City State Zip
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For all the clean green wilderness your heart desires - come north. Fish the streams,
fly by float plane to an outpost camp or enjoy the big-hearted hospitality of our lakeside lodges.

For all you need to plan your vacation, call us COLLECT (416) 965-4008, or write:
Ontario Travel, Dept. C.C, Queen's Park, Toronto, M7A 2E5.

OntariowwCanada

We treat you royally
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FIGHT BACK AGAINST S0-CALLED PLANNED OBSOLESCENCE.

WARRANT'

It seems like
clockwork. Just when
the repair bills start
rolling in, you discover
your car’s warranty has
run out. Call it planned
obsolescence. Call it
anything you want. At
International Harvester,
we call it disgraceful.

That’s why for 1980 we
proudly and confidently
announce the longest
engine and rust-through pro-
tection package in automo-
tive history: 100,000 miles.
Or 5 years. Clean and simple.

How to build a
100,000-mile engine
warranty.

We build every one of our
engines to last well beyond
100,000 miles. That’s why we
can make this promise: During
the first 100,000 miles, or 5 years
(whichever comes first), Inter-
national®Scout®will repair or
replace without charge for parts
or labor any part of the engine
block and all internally-
lubricated engine components
which are defective*

But it takes more than a
good engine to back up a
100,000-mile warranty.

Testing. Unlike most car
companies, we test every Scout
engine both before and after
it’s put into the vehicle. And
we’re very picky about the
ones we accept. Our ==
inspectors are >3
probably

tougher on our engines

than you’ll ever be.
International Harvester

Heritage. We've been building

our own engines since 1908. In ‘

fact, one of our optional Scout
engines is a first cousin to the
power plant that goes in our
2Vs-ton trucks.

From our gutsy, but eco-
nomical, 196-cubic-inch four-
cylinder to our hardworking,
hard-playing 304-cubic-inch
and 345-cubic-inch V-8’s.

Our new turbo-diesel
engine. Only one other
in America.

The new Scout Turbo-D gives
you all the economy and depend-
ability of a diesel with startling
acceleration. Power to pass.

Power to get through trouble.
s Extra power when you want
it—and need it most.

Scout Turbo-D fuel

economy:
@ EPA 2 4 EST
EST HWY
MPG MPG
» Remember use estimated mpg for
comparison only. Mileage varies with

speed, weather, trip length and your use
of 4WD. Actual highway mileage will

. probably be less.

There is one other passenger
vehicle in America with a turbo-
charged diesel: the $30,000
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And every Scout engine \_
is a 100,000-mile engine. :
Bill Roseberry

isa steady hand behind
our hot wax anti-rust

SCOUT INTRODUCES THE
PACKAGE IN

= Mercedes-Benz 300SD.

It’s unfair to compare
our engine to theirs how-
ever. Remember, the more
affordable Scout Turbo-D
has a 100,000-mile warranty
vs.a warranty of only 20,000
miles for the Mercedes.
Our new rust warranty. Pro -
tection for the long haul. Drive
an ordinary car a few years and
' you may discover that your rust
warranty (if you have one at all)
is no more solid than the fast-
corroding body of your car.
What do you do? You fight back
with Scout. And our new 5-year
rust-through protection plan.
Our new warranty gives you
this honest promise: During
the first 100,000 miles, or 5
years (whichever comes
first), International Scout
will repair or replace any
vehicle body component
which suffers “perfora-
tion”’ due to corrosion
without charge
for parts or labor¥
We treat every
1980 Scout with an extensive
4-step anti-rust process.
We galvanize critical
welding points. Dip
Scout bodies to
electrostatically
coat all major
body parts. Apply
zinc-rich primer to
hood, fender and
windshield seams.
Finally, we call on
the steady hand of
Bill Roseberry, who
helps hand spray 325°
“hot wax” on inner
surfaces to protect them
against corrosive road salt.

Quality and security
go hand-in-hand.

The same built-in quality
that is the backbone of our new
warranties helps protect you and

*Warranties are non-transferable, and assume
customer’s proper care and maintenance.
See your dealer for details.

treatment.




LONGEST AND BEST
AUTOMOTIVE HISTORY.

your family from things that push
yrdinary cars to their limits...
ind beyond. Like 1980-size pot-
10les, flooded roads and hazard-
bus winter driving. In a Scout
you’ll get a feeling of well-being
you may never experience in a car.

It's a secure feeling of sitting
in a vehicle that surrounds you
with protective steel. Try and
find a car that puts more steel
between you and trouble than
Scout.

In a Scout you sit higher than
a car. A vantage point that lets
you see the road ahead more

clearly and avoid trouble more
easily.

Then there’s our selective
4-wheel drive. It gives you the
option of easily shifting from
economical 2-wheel drive to
4-wheel drive, for extra stability
and traction when the road or the
weather looks rough.

How to fight back.

Your International Scout
dealer has just what you need to
fight back against the compro-
mise of ordinary car warranties
and ordinary cars in general.

The versatile Scout II%nd the
bigger, roomier Scout Traveler®

Before you even consider
buying an ordinary car,test drive
a 1980 Scout. It’s as easy as dial-
ing 800-IH-SCOUT for your
local dealer.

witree §00+1H: SCOUT

Illinois Residents 800-322-0821

i
|I|I

INTERNATIONAL HARVESTER

FIGHT BACK WITH SCOUT.

Anything lessisjusta car.
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A BLE ND
DISTILLED IN IRE

L
LIMITED

BOW STREET DISTIES

“Seotch on the rocks.”

If you like fine Scotch, you'll love  delicate.
light, imported Jameson Irish. The dedicated Scotch drinker
Try a glass of Jameson Irish the way will instantly appreciate this flavor
you would your favorite Scotch. With difference.
water. Soda. On the rocks. Though it may take a little time
You'll notice how much it tastes like getting used to saying, “Jameson Irish
on the rocks, please’’

fine Scotch —only lighter and more

Jameson. World’s largest-selling Irish Whiskey.

80 PROOF « CALVERT DIST. CO., N.YC.
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