SCIENTIFIC

$2.50

Uvtober 1983

IIIIIIIIIIIIIIIIIIIIIIIIIII



CHRYSLER CREATES LASER XE. The sports car

and quick-ratio power steering In the
slalom Laser fimshes No. 1 - even ahead
r \ of the legendary Porsche 944
We built Laser XE to outperform the

— ';r ¥ S
competition: Camaro Z28, Trans Am, .___4...‘_&..-! o

Mustang GT, Toyota Supra, Mazda RX-7 7

Laser does it when you equip it with }m
turbo, performance handling u -

package and nitroger-charged shocks*®

Laser does it with front-wheel drive,

new dual-path suspension system

sophisticated new wave Its multi-point

—~ "‘“&_ — injection system “spritzes” fuelin at
o __O four points. Its water-cooled beanng

Laser beats Porsche in the slalom reduces a cniiical turbo temperature by
S00°F Its turbo engine
= o = boosts h.p. 45% and

@ ® ,. “ T moves Laser like light

Laser outperforms Trans Am in braking

Laser s faster than Camaro 228 from 0-50 mph
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22815 a powerhouse - but Laser XE 15 the

With 5-speed your time to
S0Omphis 5 8seconds. Z28,
frans Am, Supra and RX-7 ¢ W7 *

4are in your remote-con ”
trolled side-view mirrors * .

We think total performance calls for per-
tormanice braking. So we gave Laser XE
semi-metallic brake pads, power brakes
All around and optional wide 15" alloy
wheels with Goodyear Eagle
GT radhial tires. Resyit
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that had to outperform the competition.

MUS[dIlq G Supra, RX.- 7 Even Porsche you can choase. And its self- diagnostic bar support, and you can order a six- way
D494 can't beat our waorld ¢lass braking systermn is the nearest thr g 1o an on power seat. And its only fittir [} that
' borard mechanic you can choose world-class Mark Cross

This s a car that thinks with you. Laser
|)(E?’ 21 teature electroric monitor s like
| YOUIr sixth sense of the road It even talks
LT language And Laser XE's navigator
mputes 11 things you need to know
fle its color qr‘;])hu' cisplays help
igke you a calculating driver But per-
farming better 1sn't your only pleasure
Laser XE's AM/FM stereo remem
bers what you like to
hear and plays it

leather for your seats and cockpit

Chrysler believes a performer has to be
mare than a winner It has to be a suri
vor We build for that And back your
endgine and power train with a 5 year/
50.000 mile Protection Plan, with outer-
body rust-through pratection for the
same periocdl  What competitor gives
you that / None See dealer for g

b through six
premium
‘ speakers

details. Buckle up for safety

Chiysler

Laser A product of The New Chryslet Technology
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It cushions you with pronounced pad-

o, . ading and holds you in position on turns
. P — with lateral “wings™ You pump up

pneumatic cushons for thugh and lum-

*
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And Beefeater

makes it even better.

BEEFEATER GIN.The Crown Jewel of England:
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LABOR-INTENSIVE AGRICULTURE, by Philip L. Martin
The tardy mechanization of the U.S. fruit and vegetable industry invites competition from abroad.

THE ENGINEERING OF MAGNETIC FUSION REACTORS, by Robert W. Conn
Work on fusion power is going beyond scientific studies of feasibility to engineering studies.

THE LARGE-SCALE STRUCTURE OF THE UNIVERSE, by Joseph Silk, Alexander S.
Szalay and Yakov B. Zel’dovich It may reflect perturbations in density early in the big bang.

THE PROCESSING OF RNA, by James E. Darnell, Jr.
In cells with a nucleus a lot happens to messenger RNA after it has been transcribed from DNA.

THE DEAD SEA, by Ilana Steinhorn and Joel R. Gat
Five years ago the world’s saltiest lake “turned over,” dissipating an isolated body of fossil water.

SIX MILLENNIUMS OF BUFFALO KILLS, by B. O. K. Reeves
Indians stampeded herds of buffalo over a cliff at a site in western Canada starting in 3700 B.C.

THE EXTINCTION OF THE AMMONITES, by Peter Ward
These animals resembling the nautilus suddenly died out some 65 million years ago. Why?
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CORRESPONDENCE

Offprints of more than 1,000 selected articles
from earlier issues of this magazine, listed in
an annual catalogue, are available at 75 cents
each. Correspondence, orders and requests for
the catalogue should be addressed to W. H.
Freeman and Company, 4419 West 1980
South, Salt Lake City, UT 84121. Offprints
adopted for classroom use may be ordered di-
rect or through a college bookstore. Sets of
10 or more Offprints are collated by the pub-
lisher and are delivered as sets to bookstores.

Photocopying rights are hereby granted by
Scientific American, Inc., to libraries and oth-
ers registered with the Copyright Clearance
Center (CCC) to photocopy articles in this issue
of SAENTIFIC AMERICAN for the flat fee of $2 per

copy of each article or any part thereof. Such

clearance does not extend to the photocopy-

ing of articles for promotion or other commer-

cial purposes. Correspondence and payment
should be addressed to Copyright Clearance
Center, Inc., 21 Congress Street, Salem, MA
01970. Specify CCC Reference Number ISSN
0036-8733/83. $2.00 + 0.00.

Editorial correspondence should be ad-
dressed to The Editors, SCIENTIFIC AMERICAN,
415 Madison Avenue, New York, NY 10017.
Manuscripts are submitted at the authors’ risk
and will not be returned unless they are ac-
companied by postage.

Advertising correspondence should be ad-
dressed to C. John Kirby, Advertising Direc-
tor, SCIENTIFIC AMERICAN, 415 Madison Ave-
nue, New York, NY 10017.

Subscription correspondence should be
addressed to Subscription Manager, SCIENTIFIC
American, P.O. Box 5969, New York, NY
10017. The date of the last issue on your
subscription is shown in the upper right-hand
corner of each month’s mailing label. For
change of address notify us at least four weeks
in advance. Please send your old address (if
convenient, on a mailing label of a recent is-
sue) as well as the new one.

Name

New Address

Street

Lany

State and ZIP

Old Address

Street

Caty

State and ZIP

THE COVER

The painting on the cover shows a pair of superconducting magnets in what is
called a yin-yang configuration. They form a magnetic mirror, that is, they
trap charged particles such as atomic nuclei by reflecting them between peaks
of magnetic field strength; thus they symbolize the attempts to confine a plas-
ma (a gas of charged particles) magnetically and then heat it so that thermo-
nuclear fusion is possible (see “The Engineering of Magnetic Fusion Reactors,”
by Robert W. Conn, page 60). The configuration, which is about eight meters
long, was designed and built by the General Dynamics Corporation and the
Lawrence Livermore National Laboratory. It was tested at Livermore, where
it produced a maximum field strength of some 80,000 gauss. It is currently be-
ing incorporated into a larger device at Livermore, a tandem mirror, which re-
quires a yin-yang configuration at each end of a linear sequence of magnets.

THE ILLUSTRATIONS
Cover painting by Ted Lodigensky

Page Source Page Source
27-36 Ilil Arbel 80 George Efstathiou,
University of Cambridge
55 Barrie Rokeach
90-91 Ilil Arbel
56-59 Ilil Arbel
92-99 Jerome Kuhl
60 Ian Worpole
62-69 Gabor Kiss 103 EROS Data Center
70 F. W. Wiffen, J. O. 104-109 J. Dyke Fledderus
Steigler and E. E.
Bloom, Oak Ridge 121 B. O Kf RCCVCS,
National Laboratory University of Calgary
71 Gabor Kiss 122-124 Andrew Tomko
73 John E. Moody, 124D-124H B. O. K. Reeves,
Edwin L. Turner and University of Calgary
J. Richard Gott III,
Princeton University 128-129 Patricia J. Wynne
74 S. Djorgovski, University 130 11il Arbel
of California at Berkeley
75-77  Walken Graphics 135 Patricia J. Wynne
78 Carlos Frenk and 137 William K. Sacco,

courtesy of Peabody
Muesum of Natural
History, Yale

Simon White, University
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Berkeley; Marc Davis,

Center for Astrophysics University
of the Harvard College .
Observatory and the 138-146 Tom Prentiss
Smithsonian Astrophysical
Observatory 150-153 Ilil Arbel

79 Walken Graphics 162-168 Michael Goodman
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New Zealanders discovered that sleeping under sheep’s wool induced sleep.

The story we are about to tell you may
seem rather incredible. And indeed it is. But
if you'll have an open mind, what you will
learn may indeed change your life.

There is a new product manufactured in
New Zealand that is selling very well. It's call-
ed the Woolrest—a bed pad made of thick
wool. You simply place it over your mattress
and then cover it with your bottom sheet as
you normally do when you make your bed.

SLEEP INDUCING

Sheep’s wool has always had an outstan-
ding reputation for keeping you warm in
winter and cool in summer. That is why wool
seat covers are so popular. But wool has
another property known by New Zealanders
for many years. Namely—wool induces sleep.

In New Zealand, for example, a way to cure
insomnia was to cover yourself with a sheep-
skin rug. For some very unscientific reason,
the hypnotic quality of the wool encouraged
sleep. Counting sheep was another techni-
que that was often recommended. But it was
the development of the Woolrest bed pad that
suddenly turned an old wive's tale into fact.

DIFFERENT EXPERIENCE

Sleeping on a Woolrest is a different sleep-
ing experience. Whether you sleep on a hard
or soft mattress, the Woolrest apparently
radiates a feeling of comfort and relaxation
from the wool fibers which mold, massage,
and conform to your entire body.

Scientific tests conducted by Dr. Peter
Dickson of Ohio State University proved that
the Woolrest pad indeed helped induce
sleep. Testimonials from people who owned
them clearly demonstrated that Woolrest not
only induced sleep but also provided great
relief for backaches, arthritis, and rheumatism.
Its natural fibers tend to alleviate the pain and
pressure caused by these illnesses and thus
make sleep come easier and deeper.

Frank Thornton, a Seattle Washington den-
tal technician, had trouble sleeping for six
years. He purchased a Woolrest pad and has

been able to sleep through the entire night
practically every night. According to Thorn-
ton, *'l felt a sensation of buoyancy from the
Woolrest. | have read in literature that a per-
son sleeps more restfully with natural fibers
surrounding their body.” Thornton has
already purchased seven Woolrest pads for
his entire family.

There are hundreds of other testimonials
we could mention from the thousands who
have purchased them, but one thing is clear.
Using a Woolrest pad you know that the rest
of your life will be spent sleeping comfortably,
with @ minimum amount of sleeplessness.
Certainly, there will be nights when it will be
difficult to go to sleep. But with the Woolrest
those nights will be fewer, shorter and without
the tradeoff of taking sleep-inducing drugs.

WARM IN WINTER

In the winter the Woolrest holds your body
heat and thus keeps you warmer. You'd ex-

Jpect that. But in summer it keeps you cooler

through a process of moisture absorption by
absorbing up to one-third of its weight in
moisture to keep your body cool and dry.

Will the Woolrest work for you? We're will-
ing to prove it with no risk on your part. Order
one for a 45-day sleep test. When you receive
it, closely examine the surface. Feel the thick
pure woven pile of natural New Zealand wool.
Place it on your bed and then cover the pad
withi your regular bottom bed sheet—either
fitted or plain.

JUST A FEW DAYS

That night go to sleep on it. But don’t judge
the effectiveness until you've slept on it for
at least a full month. You should actually
notice the difference in just a few days, but
after a month you'll turn from being skeptical
like we were, to a real enthusiastic believer.
If not, we'll understand. After all it may not
work for everybody. Just return it within the
45-day sleep trial and you'll receive a prompt
and courteous refund including the $4
deliverycharge. The Woolrest washes easily

© 1983 SCIENTIFIC AMERICAN, INC

Sleep
Sheep

We may have found
a way to improve
your sleep forever.

in your washing machine and has a limited
five-year warranty. Complete instructions
come with each pad. Sleep on a Woolrest and
experience what we mean at no risk or obliga-
tion. Order one, today.

To order, credit card holders call toll free
and ask for product by number below or send
check plus $4 delivery for each pad ordered.

Twin Size (0025F) ... .. ......... $129
Full Size (0026F) 179
Queen Size (0027F) .. ... .. .. .209
King Size (0028F) . ............... 269

The New Zealand wool used exclusively in
the Woolrest could be a major reason for its
effectiveness. Here's why.

Most sheep are raised in countries where
temperature extremes cause their wool fibers
to become birittle, rigid and often cracked at
the ends. In Australia sheep are often raised
in the dusty outback where temperature and
rainfall can vary greatly.

In New Zealand however, the sheep enjoy
a year-round temperate climate and graze in
lush green pastures. Their wool fibers are
thick and vibrant with good shape retention .

NEW ZEALAND WOOL

The Woolrest uses only the best New
Zealand wool. The fibers are actually woven
onto a purewool blanket base and thoroughly
washed and tufted.

We have mentioned the importance of New
Zealand wool for good reason. Just as there
are several grades of sheepskin seat covers,
we suspect eventually there will be several
grades of wool bed pads. None will ever com-
pare to the wool used in the Woolrest.

)
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One JS&A Plaza
Northbrook, lllinois 60062
CALL TOLL FREE 800 323-6400

IL residents add 6% sales tax. ©JS&A Group, Inc.,1983



SPANISH

WHILE DRIVING TO WORK
witH THE AMR® PATENTED

Bl-LINGUAL

STEREOQ-SELFTEST™ METHOD

YOU CAN NOT HELP BUT PICK UP
A SECOND LANGUAGE
WITHOUT OPENING A BOOK
SPANISH-FRENCH-GERMAN-ITALIAN
CHINESE-JAPANESE-ENGLISH
Call us at AMR and a staff member
will gladly answer your questions

= 1-800-323-2500 X
IL Residents 312-858-1900

AMR

| EDUCATIONAL SYSTEMS

800 Roosevelt Rd.
Glen Ellyn, lllinois
60137

THE
HEBREW
UNIVERSITY
OF
JERUSALEM

Jerusalem, Israel

The Hebrew University of
Jerusalem offers a small num-
ber of Post-doctoral Fellow-
ships for the 1984-85 academic
year in the Humanities, Social
Sciences, Natural Sciences,
Agriculture and Medicine.

Candidates may apply at an
early stage of their professional
career (not later than 3 years
after completion of their doc-
toral dissertation) to P.O. Box
1255, Jerusalem 91904, Israel.

Completed application forms
must be returned by December
1, 1983.

LETTERS

In “The Slowing of Urbanization in
the U.S.” [SCIENTIFIC AMERICAN, July]
Larry Long and Diana DeAre write:
“The term Megalopolis was coined by
Jean Gottman of the University of Ox-
ford in a book of the same name pub-
lished in 1961.” I don’t think so. Gott-
man may have been the first to apply it
to the East Coast corridor between Bos-
ton and Richmond, but he was certainly
not the first to employ it to categorize
the emerging supercities (in population
and area) of the late 20th century.

In The Decline of the West, Oswald
Spengler (at least in the translation of
Charles Francis Atkinson) uses the
word (in both its nominal and adjectival
forms) and discusses its significance at
some length and depth (Vol. I, Chapter
1, and Vol. II, Chapter 4).

Of some interest is the fact that there
was a city named Megalopolis in ancient
Greece. It was in the Peloponnesus a
few miles northwest of Sparta. It can
be found on any good map of ancient
Greece and was mentioned by many of
the classical authors. Because Megalop-
olis was not remarkable for its size, it
would be interesting to know how it got
its name.

RoORY FORAN

Glen Burnie, Md.

Sirs:

In “The Salmonid Fishes as a Natural
Livestock™ [SCIENTIFIC AMERICAN, July],
Lauren R. Donaldson and Timothy Joy-
ner have given a thorough account of
advances in the nutrition and breeding
of salmon. This report of their contribu-
tion to our need for food from the sea is
indeed significant.

The authors graciously acknowledge
our discovery of home-stream olfac-
tory imprinting in salmon, but the arti-
cle they cite [“The Homing Salmon,”
by Arthur D. Hasler and James A. Lar-
sen; SCIENTIFIC AMERICAN, August, 1955]
was written when that discovery was
still a hypothesis. It was not until 1976
that our group conducted the rigor-
ous studies using the synthetic odors
morpholine and phenethyl alcohol as
imprinters on salmon introduced into
Lake Michigan that the hypothesis was
proved. (See “Imprinting to Chemical
Cues: The Basis for Home Stream Selec-
tion in Salmon,” by Allan T. Scholz,
Ross M. Horrall, Jon C. Cooper and
Arthur D. Hasler in Science, Vol. 192,
No. 4245, pages 1247-1249, June 18,
1976, and “Olfactory Imprinting and
Homing in Salmon,” by Arthur D. Has-
ler, Allan T. Scholz and Ross M. Horrall

© 1983 SCIENTIFIC AMERICAN, INC

in American Scientist, Vol. 66, No. 3,
pages 347-355, May-June, 1978.)

Donaldson and Joyner find it point
less to imprint salmon with synthetic
chemicals. It is this technique, however,
that has improved the harvest of salmon
in Lake Michigan. On the Wisconsin
side there are no streams in which salm-
on canreproduce, hence salmon must be
artificially reared in local hatcheries. In
some cases the young hatchery salmon
can be stocked in smolting ponds next to
a stream where natural imprinting can
occur. It is often advantageous, how-
ever, to imprint the salmon artificially in
a hatchery and then stock them directly
into the lake. When these salmon ma-
ture, they have no home stream, only
a “memory” of the “home” hatchery.
They can therefore be decoyed to the
best and most convenient harvest sites
by scenting the inlets of selected streams
with imprinting chemicals. An exam-
ple is morpholine, which was added to
the hatchery water during the salmon’s
smolting period.

ARTHUR D. HASLER
Ross M. HORRALL
ROBERT A. RAGOTZKIE

University of Wisconsin
Madison

Sirs:

Albert J. Blodgett, Jr.’s, “Microelec-
tronic Packaging” [SCIENTIFIC AMERI-
cAN, July] was an excellent introduction
to the subject. In focusing on IBM'’s
water-cooled thermal-conduction mod-
ule, however, he overlooked the more
advanced air-cooled packaging used
in Amdahl Corporation’s 580 series of
large computers.

Each Amdahl chip is bonded to a chip
carrier whose upper surface has a metal
stud with numerous circular cooling
fins, which transfer the chip’s heat to the
airstream. Up to 121 logic and memory
chips are mounted on a ceramic multi-
chip carrier (MCC) similar to the sub-
strate for IBM’s TCM. The entire cen-
tral processing unit of a fully configured
580 consists of a stack of nine MCC's
connected by printed circuit boards. It
occupies 5.6 cubic feet.

Compared with a water-cooled de-
sign, air-cooled packaging reduces sys-
tem complexity, manufacturing costs,
power consumption and floor spacc
needed, while increasing reliability and
ease of maintenance. The 580’s ad-
vanced packaging is also onc reason it
has a better price/performance ratio
than the 3081.

GARY HLADIK

Saratoga, Calif.
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Sony creates seventh row; center: Forever.

INTRODUCING THE SONY COMPACT
DISC PLAYER.

You are looking at an invention so
extraordinary that High Fidelity maga-
zine has hailed it as “the most fundamen-
tal change in audio technology in more
than eighty years.”

A piece of audio equipment that
permits you to hear something you've
never heard before: perfection.

Sony is pleased to raise the curtain
on the world's first digital audio compact
disc player. The CDP-101.

THE END OF HI-INFIDELITY.

The CDP-101 uses a laser beam to
play compact discs that hold far more
musical information than conventional
records ever could. The result: fidelity
and depth of sound that no conventional

turntable could ever deliver.

This highest of fidelity remains faith-
ful too. Because the digital discs are
read by laser beam, there is absolutely
no physical wear. Nor is there any dis-
tortion from such annoyances as dust,
fingerprints or even scratches. The laser
simply sees through them.

Equally ingenious, an infrared re-
mote control lets you select tracks with-
out budging from your armchair.

While an ever-expanding li-
brary of compact discs lets you lis-
ten to your favorite artists asthough
you, and your armchair, were cen-
tered in the spotlight above.

Maybe most important, the
CDP-101 is fully compatible with the
conventional equipment you may own.

© 1983 Sony Corp. of America. Sony is a registered trademark ofthe Sony Corp. 1 Sony Drive, Park Ridge, New Jersey 07656

© 1983 SCIENTIFIC AMERICAN, INC

We suggest you hear the Sony Com-
pact Disc Player soon. For a sound you
can't believe, from the audio innovator
you assuredly can.

SONY.

THE ONE AND ONLY




Killer pigmy

INTRODUCING A TOTAL COMPUTER
SYSTEM NO LARGER THAN THIS MAGAZINE.

You're looking at a miracle. A creation of tech-
nology that you can actually use.

The amazing Epson Notebook Computer®

Go ahead — put your hands on that full-sized
keyboard. You now control a complete computer
system. A system that includes a liquid crystal dis-
play screen, a micro cassette document and pro-
gram storage unit, a 50-hour rechargeable internal
power supply, and a dot matrix
printer. All for less than $800.

Nothing else can equal it.
Notthe 30-pound “transport-
ables” that are like lugging
sewing machines around,
and certainly not those so-
called “portables” that try to
skimp by with no printer, no

provision for document storage,
and a maddeningly short battery life.

The Epson Notebook Computer has everything
you need to get down to work. Exquisitely crafted
into a sleek and silent package that you can take
anywhere and use anywhere.

It weighs less than four pounds. Has a surface
area the size of a sheet of typing paper. And it
contains a whopping 16K of random memory
(optionally expandable to 32K, if you need it).

You can program the Notebook Computer in a
built-in, extended version of Microsoft® BASIC. An
internal word processing program called SkiWriter®
will have you turning out letters, notes, memos, or
full reports after just fifteen minutes of reading
the simple instructions.

Available software ranges from personal produc-
tivity programs to education and entertainment.
We even offer a telephone modem and software
that allows you to instantly transmit information to
a full-sized computer.

To put your hands on a real Epson Notebook
Computer, call toll-free (800) 421-5426, or (213)
539-9140 in California for the name of your nearest
Epson dealer.

But be warned. Few who touch the “killer pigmy”
go away empty-handed.

EPSON

STATE OFTHE ART. .. SIMPLICITY.

© 1983 SCIENTIFIC AMERICAN, INC

This is Epson’s
built-in microprinter.
You’ll use it for
notes, lists, or to
ronder roush ( or
unfinished) drafts.
Ortional cable lets wou
print out on a

full-!ﬁlll Iriwt"ra '

PAPER
FEED




actual size:

EPSON NOTEBOOK COMPUTER

o8l 2 ot MICRO CASSETTE DRIVE

® recC

SKIWRITER *

© 1983
BY SKiSoFT INnc

Microsoft is a trademark of Microsoft Corp. SkiWriter is a trademark of SkiSoft Inc.
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SPECIAL
EDDIE BAUER

BRONCOII

Two names known for
toughness get together
~in Ford’s special
Eddie Bauer Bronco Il
Like all Bronco's,
Bronco Il is field-tested
built Ford tough, with
husky frame and Twin-
Traction-Beam suspen-

Get if together-Buckle up!

sion. Eddie Bauer
survival gear has been
field-tested too...right
to the top of Mount
Everest!

The Eddie Bauer
Bronco Il is outfitted for
all outdoors—with
unique interior and
exterior trim plus an
optional flip-away
spare tire carrier. Free
Eddie Bauer top qual-
ity gear bag and map
folder included, plus

scheduled mainte-
nance and a limited
warranty for 24 months/
24,000 miles, whichever
comes first, excludes
tires, fluids, accidents
or abuse

Trimmer Bronco Il is
fun to drive, easy to
park and maneuver
with a V-6 engine
standard. Seats 4 in
comfort, with split fold-
down rear seats for
extra cargo

© 1983 SCIENTIFIC AMERICAN, INC

Eddie Bauer Bronco I
—it's a brand-new kick
in survival gear!




50 AND 100
YEARS AGO

SCIENTIFIC
AMERICAN

OCTOBER, 1933: “The Tennessee
Valley Authority Act of 1933 has grant-
ed President Roosevelt the power to ap-
point a body of three members to devel-
op the natural resources of the Tennes-
see River basin, with special reference to
the improvement of navigation, which
would be linked to flood control; re-
forestation, which would embrace im-
provement of the unemployment situ-
ation; utilization of marginal lands,
which have been overworked for agri-
cultural purposes, and finally the devel-
opment of great blocks of power for the
further industrialization of the entire
Tennessee River Valley area. Admitting
that this would be a gigantic Federal ex-
periment on a scale never heretofore un-
dertaken, the President has suggested
the possibility of carrying the idea fur-
ther into other regions if the Tennes-
see River basin project indicated that it
would succeed. The area under the juris-
diction of the Tennessee Valley Author-
ity covers most of central and western
Tennessee, extends widely over north-
ern Alabama, includes portions of
North Carolina, South Carolina and
Georgia, and touches small portions of
Virginia, West Virginia, Kentucky and
Mississippi.”

“There is a very satisfactory theory of
what happens in a nova—except for the
greatest question of all. What causes the
tremendous initial outburst? A notewor-
thy suggestion has been made by E. A.
Milne, namely that the main inner part
of a star may become unstable as re-
gards its internal equilibrium and sud-
denly collapse to a state of much greater
density and smaller diameter. It is possi-
ble that in such an event practically the
whole of the enormous amount of gravi-
tational energy liberated by the contrac-
tion might be stored up in one form or
another in a collapsed mass, leaving but
arelatively small amount to be got rid of
by radiation. The new and smaller core,
however, would at first be exceedingly
hot. The rapid progress of nuclear phys-
ics makes it reasonable to hope that, be-
fore many years have passed, we may
know enough to say whether such sug-
gestions are to be accepted.”

“The Pennsylvania Railroad is en-
gaged in what is one of the greatest, if
not the greatest, single electrification
projects ever undertaken in this country

or any other. It consists in the electrifica-
tion of 1,082 miles of railroad track,
serving the great cities of the Eastern
Seaboard from New York to Washing-
ton and extending westward to the Sus-
quehanna River in the heart of Pennsyl-
vania. It is expected that 816,000,000
kilowatt-hours per year will be required
for the operation of trains when the
project is completed. The project’s mag-
nitude and its possibilities are great
enough to stir the imagination of the
most prosaic.”

“It is being asserted widely that sci-
ence has at last abandoned its early
materialistic taint, swinging strongly
toward religion and mysticism. The fu-
ror started small in a corner of physical
science. It was discovered a few years
ago that things as small as electrons do
not individually obey the law of cause
and effect. This phenomenon is known
as the principle of indeterminacy, or the
principle of uncertainty, and its discov-
ery came about when the German phys-
icist Werner Heisenberg showed that it
is impossible to ascertain both the posi-
tion and speed of an electron; we can as-
certain the one or the other singly, but
not both. Evidently, then, the behavior
of an electron is indeterminable. Right
here a number of thinkers made false
deductions and, as A. S. Eddington put
it, ‘science went off the gold standard.’
What these thinkers failed to grasp was
that mere indeterminability does not in
itself establish indeterminacy. A thing
may be indeterminable but not indeter-
minate. Nature knows what she is doing,
and does it, even when we cannot find
out. It did not take the mystics long to
discover the principle of uncertainty. If
we could no longer predict, at least in
theory, the entire future of the universe,
given the position and velocity of every
particle in it, then perhaps there was
freedom in it after all. The return of sci-
ence to some sort of modern mysticism
would be essentially a slip in man’s
hard-won progress away from one of
his most ancient bad habits—that of as-
cribing to the supernatural whatever he
did not yet understand.”

OCTOBER, 1883: “The Straits of
Sunda, separating the islands of Java
and Sumatra, form one of the main gate-
ways used by the vast trade that navi-
gates the China Sea. Half-way through
the strait, equidistant from the two
shores, was a group of three islands, the
largest of which was Krakatoa, four and
a half miles long and three miles broad,
its volcanic summit reaching to a height
of 2,623 ft. above the sea level, about
10 times higher than the surrounding
sea was deep. The tremendous volcanic
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eruption, with the accompanying earth-
quake and inundation of the coasts,
on Sunday, the 26th of August, has
wrought a fearful change. As far as our
present information goes, it appears that
the whole island of Krakatoa, consisting
of about 8,000 million cubic yards of
material, has fallen in and disappeared
below the sea.”

“Apart from oxygen and nitrogen
there is but one other substance in dry
air that we are at present warranted in
regarding as being a necessary and con-
stant component, namely carbonic acid
or carbon dioxide (COjy). Small as its
proportion in the air is, its relation to
animal and vegetable life on the earth
has long been recognized. The gas is lib-
erated in abundance by the action of
heat on limestone and other carbonates,
and also by the spontaneous decomposi-
tion of solutions of bicarbonate of lime.
The abundant deposits of limestone in
the crust of the earth form, therefore, an
inexhaustible source of the gas under
certain conditions, and their abundance
points probably to a period in the earth’s
history when a much higher proportion
of carbonic acid was present in the air.
While all the evidence goes to show that
carbonic acid is now an almost invaria-
ble constituent of the air, it is one that
requires least change in the physical
conditions under which the earth exists
to effect a change in its proportion. Mi-
nute as the proportion is, the delicacy of
its relation to animal and vegetable life
on the earth makes the maintenance of
the apparently unstable equilibrium a
matter of serious concern to mankind.”

“Professor Albert S. Bickmore de-
scribes his methods of imparting in-
struction in natural history by ocular
demonstration, ‘believing that the sense
of sight is the royal avenue to the mind.’
A large part of the objects that it was
desired to display were either too small
or too large to be taken to the lecture
hall, and at the same time too important
to be omitted. To overcome this difficul-
ty the most complete stereopticon to be
found was purchased; and as it was dis-
covered that photographic transparen-
cies of the desired subjects could not be
obtained in anything like a systematic
series, an assistant skilled in this branch
of photography made negatives and
slides from the specimens on exhibition
in the public halls of the Museum of
Natural History in New York, supple-
mented by copies of the best illustra-
tions in standard works on natural his-
tory. There have been made some 800
negatives, in addition to a large number
purchased from every available source.
Such slides, although giving more satis-
factory results when used in connection
with the lime light, will be distinctly vis-
ible by from 50 to 75 persons when a
lamp burning kerosene oil is used.”
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There’s alot worth
saving inthis country.

Today more Americans
who value the best of yester-
day are saving and using old
buildings, waterfront areas
and even neighborhoods.

Preservation saves energy,
materials and the artistry of
these quality structures.

Help preserve what’s
worth saving in your com-
munity. Contact the National
Trust, P.O. Box 2800,
Washington, D.C. 20013.

Historic Preservation
Preservation buids the nation

'Edmund Scientific
Catalog Today!

America's largest mail-order market place of
thousands of unusual and fascinating values for hob-
| byists, gadgetee;rs, students, schools and industry.

es Edmund Scientific Co., Dept. R228 o
Edscorp Bldg., Barrington, NJ 08007
Please send me your FREE Catalog.

THE AUTHORS

PHILIP L. MARTIN (“Labor-inten-
sive Agriculture”) is associate professor
of agricultural economics at the Univer-
sity of California at Davis. His interest

| in the subject of temporary alien work-
| ers originated when he was a Fulbright

fellow in Germany in 1973 and 1974.
He returned to the U.S. to obtain his
Ph.D. in economics and agricultural
economics from the University of Wis-
consin in 1975.In 1978 and 1979 he was
a Brookings fellow and also served as
consultant on economics to the Select
Commission on Immigration and Refu-
gee Policy. He has been a member of
several other commissions that were at-
tempting to make policy on temporary
workers both in Europe and in the U.S.
Martin’s chief interest is in the future of
labor-intensive agriculture in postindus-
trial societies.

ROBERT W.CONN (“The Engineer-
ing of Magnetic Fusion Reactors”) is
professor of engineering and applied
science at the University of California at
Los Angeles. He got his B.S. at the Pratt
Institute before going on to obtain his
M.S. and his Ph.D. in engineering sci-
ence from the California Institute of
Technology. After getting his advanced
degrees he spent a year at the Joint Eu-
ropean Nuclear Research Center at Is-
pra in Italy and then joined the staff of
the Brookhaven National Laboratory.
In 1970 he joined the faculty at the Uni-
versity of Wisconsin at Madison and in
1974 he became director of the Fusion
Research Program at Wisconsin, a job
he held until moving to U.C.L.A. in
1980. Conn is codirector of the Center
for Plasma Physics and Fusion Engi-
neering there.

JOSEPH SILK, ALEXANDER S.
SZALAY and YAKOV B. ZEL’'DO-
VICH (“The Large-Scale Structure of
the Universe”) are astrophysicists who
work at widely separated institutions.
Silk is professor of astronomy at the
University of California at Berkeley.
His Ph.D. in astrophysics is from Har-
vard University. He has been at Berke-
ley since 1970, but he spent the past
academic year (1982-83) as a visiting
scholar at the Institut d’Astrophysique
in Paris. He is the author of The Big
Bang (W. H. Freeman and Company,
1980) and coauthor with John Barrow
of The Left Hand of Creation, which is
to be published by Basic Books later
this year. Szalay is assistant professor
of physics at E6tvos University in Bu-
dapest. He obtained his Ph.D. in as-
trophysics in 1975 from the same in-
stitution. After periods of postdoctoral
study at Berkeley, the University of Chi-
cago and Moscow University, he re-
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turned to Eo6tvos University in 1980.
Szalay writes that his interest in cosmol-
ogy was inspired by Zel’dovich, who is
professor of astrophysics at Moscow
University and director of the theoreti-
cal group at the Institute of Physical
Problems in Moscow. Zel’dovich is a
member of the Soviet Academy of Sci-
ences and a foreign member of both the
Royal Society in Britain and the Nation-
al Academy of Sciences in the U.S.

JAMES E. DARNELL, JR. (*The
Processing of RNA™), is Vincent Astor
Professor at the Rockefeller University.
He attended the University of Mississip-
pi as an undergraduate, getting his B.A.
in 1951. He obtained his M.D. at the
Washington University School of Medi-
cine in 1955. In 1956 he joined the staff
of the Laboratory of Cell Biology at the
National Institutes of Health. In that
laboratory Harry Eagle had for the first
time succeeded in culturing human cells
outside the body. Together with Eagle,
Darnell utilized the cultured human
cells to do some of the first modern bio-
chemical studies of the growth of virus-
es in their host cells. In 1961 Darnell
moved to the Massachusetts Institute of
Technology, and in 1964 he joined the
faculty of the Albert Einstein College of
Medicine in New York. He moved to
Columbia University in 1968 and to
Rockefeller in 1974.

ILANA STEINHORN and JOEL R.
GAT (“The Dead Sea”) are respective-
ly an employee of Israel Limnological
and Oceanographic Research, Ltd., and
head of the isotope department at the
Weizmann Institute of Science. Stein-
horn, a native of Israel, received her B.S.
in physics and mathematics (1972) and
her M.S. in atmospheric sciences (1974)
from the Hebrew University of Jerusa-
lem. Her Ph.D. (1981) is from the Weiz-
mann Institute. She writes: “My interest
in the Dead Sea arose during my studies
toward the Ph.D. degree. Because it was
becoming apparent that the long-term
stratification of the Dead Sea was weak-
ening, the emphasis of my research was
changed from a theoretical approach to
one of intensive field measurements.
These were set up quickly so as to docu-
ment the changes in the structure of the
Dead Sea water column that lcad to
its complete overturn.” Gat was born in
Germany and emigrated to the area then
known as Palestine in 1936. He attended
Hebrew University as an undergradu-
ate and went on to obtain his M.S. in
physical chemistry there in 1949. His
Ph.D. in physical chemistry was award-
ed by the Weizmann Institute in 1956.
After working for several years at the
Israeli Atomic Energy Commission he



Eno A
No more inducements
busme elers,

Before the coming of man,nobody
had anybusiness in the land Down Under.
So,naturally, there was no business class.

Qantas changed all that. Qantas in-
vented Business Class.

It gave rise to Business People
who poured into Australia-until
briefcases outnumbered koalas,
wallabies and wombats. And
word processors echoed across
The Outback.

. _Not content with creat-
ing Business Class,Qantas
improved it. Repeatedly.
Now their extra-wide, deep-
reclining seats recline even
further. They've added fine
china, linen and crystal
service. Along with a roomy 58
coat closet. And a compli- :
mentary flight bag. . s L

Qantas Business Class . b (e
now resembles First Class in y
other airlines. Still, the inducements
contiln)uge: S 5 et

riority check-in and priority
handling. Special seating
section with increased legroom.

Complimentary movies,
complimentary stereo head-
phones (now they’re padded!),
and complimentary bar
service.

A choice of gourmet
menu entrées, special
wines and liqueurs. Special
privileges at hotels,etc.,
etc.,etc.

Qantas,we demand
an end to such favoritism.

Koalas
ainst
i3 tas.

(The Australian Airline.)
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TK!Solver does for equations
what word processing did for
words. The first thing you should
know about the TKISolver™ program is
that it is not a spreadsheet. Instead, it
does something completely unheard
of luntil now)—it turns your personal
computer info a voracious equation
processor.

The next thing you should know is
that if the TKISolver program can't
make life with your personal computer
easier [and pay for itself), even if you
use it only 15 minutes a week, you are
a very rare person.

And finally, you should know ex-
actly what equation processing is,
and how it works. If you keep reading
this, you will.

Equation processing with
TK!Solver, or problem solving
made easy. The best way to under-
stand what the TK!Solver program is,
is to understand what it does. The
following simple example is designed
to do just that. If you're still a little in
the dark after reading it, stop in at
your local computer store for a very
enlightening hands-on demonstration.

Begin by setting up your problem.
The TKISolver program lets you do it
quickly, easily, and naturally. For ex-
ample, a car costs $9785. What would
be the monthly payment on a three-
year loan if the down payment is 25%
and the interest rate is 15%%

STEP 1. formulate the necessary
equations to solve your problem and
enter them on the “Rule Sheet” simply

CAR LOAN

VARIABLE SHEET
Mame Dutput Unit
price dollars
down 2446.25 dollars
loan 7338.75 dollars
dp percent
payment 254 48818 dollars
i percent
term

=2z RULE SHEET
S Rule

Comment

price of car

down payment

bank loan

down payment percentage
monthly payment
interest rate

term of loan

price-down: loan
down/price:dp
payment= loan(i/(1-0(1+i)"-term))

by typing them in las in the screen
photol. For example: “price—down =
loan.”

STEP 2. Enter your known values the
same way on the “Variable Sheet.” For
example: "9785" for price. You may
also enter units and comments, if you
want*

STEP 3. Type the action command
("1"” on your keyboard) to solve the
problem.

STEP 4. TK!Solver displays the an-
swer: the monthly payment is $254.40.
Backsolving, the heart of
TK!Solver. Now that you've defined
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the problem and solved it, TKISolver's
unique backsolving ability also lets
you think "backwards” to solve for any
variable, regardless of its position in
the equation. For example, if you can
only afford a monthly payment of
$200, you can re-solve the problem in
terms of that constraint. The TK!Solver
program will solve the problem, dis-
playing your choice of a higher down
payment, a longer loan term, or a
lesser interest rate. This unique back-
solving capability forms the basis of
TKISolver's remarkably flexible prob-
lem-solving ability.



JLVER

\INED:

Also, as you can see from the
example on the screen, TK!Solver
deals not only with single variables,
but with entire equations and sets of
simultaneous equations. It also deals
with much more complicated problems
than this one. How complicated?
That's up to you. What kinds of prob-
lems? That's up to you, too, but pop-
ular applications include finance,
engineering, science, design, and
education.

Other extremely useful and
interesting things TK!Solver
does. Aside from its basic problem-
solving abilities, the TKISolver program
performs a number of pretty fancy
tricks. Like: lterative Solving; in which
TK!Solver performs successive approx-
imations of an answer when con-
fronted with equations that cannot be
solved directly,(like exp (xX) =2 - x « y
and sin [x « yl=3 - x —yl. Like: List
Solving; in which TK!Solver attacks
complete lists of input values and
solves them all, allowing you to exam-
ine numerous alternative solutions, and
pick the one you like best. Like: Tables
and Graphs; using the values you pro-
duced with the List Solver, the TK!ISolver
program will automatically produce ta-
bles and graphs of your data. You can
look at your formatted output on the
screen or send it to your printer with

a single keystroke. And like: Automatic

Unit Conversion; in which TKISolver
lets you formulate problems in one unit
of measurement, and display answers
in another. Very convenient what with
all this talk about going metric.

The TKISolver program also pro-
vides a wide variety of specialized
business and mathematical functions
like trig and log and net present
value.

Then, there's TKISolver's on-screen
Help facility that provides information
on commands and features any time
you want it. Just type “2” and a topic
name.

And of course the TKISolver pro-
gram combines all these features in
one integrated program.
TK!SolverPacks make problem-
solving a picnic. TK!SolverPack™
application packages are specially
developed by experts in specific fields.
Each package contains a diskette with
about a dozen models that include
the necessary equations, values, and
tables for solving a particular problem.
The models are usable as-is or you
can easily modify them.

TK!SolverPack application pack-
ages available from Software Arts
include Financial Management,
Mechanical Engineering, Building
Design and Construction, and Intro-

ductory Science. Additional TK!Solver-

Packs are on the way from Software

*You can easily define appropriate unit conversions on the unit sheet.

TK, TK!, TKISolver, TKISolverPack, The Problem Cruncher, the stylized | and the slogan “NOW YOU DON'T HAVE TO THINK LIKE A COMPUTER TO USE ONE!”

are trademarks or registered trademarks of Software Arts, Inc. SATN, TKISATN and DIF are trademarks or registered trademarks of Software Arts Products Corp.

Software Arts is a trademark of Software Arts, Inc. and Software Arts Products Corp. The TK!Solver program and the TK!SolverPack applications packages are
products of Software Arts, Inc. which is solely responsible for their contents. VisiCalc is a registered trademark of VisiCorp.

Copyright © 1983 Software Arts, Inc. All rights reserved
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Arts, McGrow-Hill,wond others.

We know you’re out there. No
matter who you are, or what you do,

it it involves using equations, the
TKISolver program is an indispensable’
tool for you.

So, visit your local computer store
today, and see TK|Solver in action.
You'll be amazed at how much faster
and more effectively you'll be able to
work when you discover the power of
equation processing with the TKISolver
program.

27 Mica Lane, Wellesley, Massachusetts 02181
617/237-4000

P/N100-092 P 8/83
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‘Whoonearth
will install enough
lightguide fiber
tocircle
the earth10 times?

Western Electric,an AT&T company:

In just five years, Western Electric has already created and
installed enough lightguide fiber to circle the earth. That's
25,000 miles of fiber in 60 lightwave communications routes.

Those totals should increase at least tenfold by the year
2000, as Western Electric continues to install lightwave systems
to transmit the high-speed voice and data services of the
[nformation Age.

Far more efficient and economical than copper cable, light-
wave communications speeds your messages over 9O million
light pulses per second through hair-thin glass fibers. A single
lightguide cable can carry 240,000 telephone calls at once.

Right now Western Electric is installing the worlds largest
lightwave system in the busy Northeast Corridor. Another will
transmit the entire 1984 Los Angeles Summer Olympics to
ABC television studios.

And our research and development arm, Bell Labs, is work-
ing on a transatlantic lightwave cable that will triple calling
capacity and enhance transmission quality:

These systems are forerunners of a continually expanding
lightwave network that one day will literally circle the earth,
bringing everyone exciting new information services.

Western Electric, an AT&T company: Applying the technol-
ogies of lightwave, microelectronics, and software to make the
dream of the Information Age a reality:

ATsT

i
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QUESTARZ® ... the telescope that can take it

A Questar’s durability is the thing
that amazes so many owners. That
an instrument so small and so beau-
tiful can exhibit such toughness in
the clinches is the quality that
astonishes almost as much as its
unique optical performance. Hubert
Entrop, who sends us those great
deep-sky photographs, keeps writing
to tell us how he sometimes gets his
best shots of galaxies and nebulas in
areas that are exposed to sudden
mountain squalls and gusting winds,
but his Questar keeps guiding
steadily along. Now comes a letter
from Wings, a group that specializes
in safaris to far away places. Will
Russell, their leader, writes:

“WINGS now owns five Questars
and during the last two years we’ve
used them at Pt. Barrow, Alaska, in
Kathmandu and Jerusalem, along the
Amazon, in Kenya, Siberia, Thailand
and many places in between. We’ve
used them in the steaming tropics
and sub-zero cold; in blizzards, dust
storms, Atlantic hurricanes, Pacific
typhoons and just about every other
sort of weather. We’ve dropped

Our booklet describing Questar, the world’s
finest, most versatile telescope, contains an
astonishing collection of photographs by Questar
owners. Send $2 for mailing costs on this con-
tinent; by air to S. America, $3.50; Europe and N.
Africa, $4.00; elsewhere, $4.50.

them, kicked them over, watched
them blow over, had them partially
dismantled by foreign security
guards, run over by airlines luggage
conveyors and temporarily con-
fiscated. In short, in the past 24
months we’ve learned quite a lot
about using Questars.”’

And so, whether you propose to
use your Questar on your patio or in
one of those distant spots where
Russell’s Questars have been put
through their paces, you will be
reassured to know that Questars can
take it. We like to think that every-
one babies his or her Questar, but
obviously Wings isn’t able to do this
and the instruments not only survive
but turn in fine performances.

It is nice to know, too, that this
old, established company still guar-
antees its product for ten years
against defective parts and workman-
ship. Even Questars that have fallen
down a flight of stairs or were
dropped out second story windows,
have turned up here to be put back
together for a whole new useful life.

© 1982 Questar Corporation

QUESTAR

Box C, Dept. 202, New Hope, Pa. 18938
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returned to the Weizmann as a faculty
member in 1959.

B. O. K. REEVES (“Six Millenniums
of Buffalo Kills”) is associate professor
of archaeology at the University of Cal-
gary. He is a native of southern Alberta
who was graduated from the Universi-
ty of Alberta with a B.S. in geology in
1961. He got a second undergraduate
degree (a B.A.) two years later at the
University of Alberta at Calgary before
going on to obtain his M.A. (1967) in
archaeology and his Ph.D. in the same
subject (1971) at the University of Cal-
gary. He writes: “My studies have been
somewhat eclectic although geographi-
cally focused, dealing with archaeologi-
cal sites ranging from those of early
man to the period of World War II,
including fur trading posts, missions,
whiskey posts, and mine towns.”

PETER WARD (“The Extinction of
the Ammonites™) is associate professor
of geology at the University of Califor-
nia at Davis. He received his bachelor’s
and master’s degrees from the Univer-
sity of Washington and completed his
Ph.D. in 1976 at McMaster University.
He taught earth history and paleobiolo-
gy at Ohio State University from 1976
to 1978 before moving to Davis. He
writes: “I am currently working on the
chambered nautilus in New Caledonia,
Fiji and Palau, using electronic methods
to track the animals over several days
and nights. The study of the living nauti-
lus gives valuable information about the
uses of the chambered shell and, more
important, about the constraints im-
posed by the shell in the life cycle of the
shelled cephalopods.”

HERBERT F. YORK (‘“Bilateral Ne-
gotiations and the Arms Race”) is pro-
fessor of physics and director of the pro-
gram in science, technology and public
affairs at the University of California at
San Diego. He got two degrees from the
University of Rochester: an A.B. (1942)
and an M.S. in physics (1943). His Ph.D.
in physics was awarded in 1949 by the
University of California at Berkeley.
During World War II he worked for
the Manhattan Engineer District (the
“Manhattan Project™) at the Y-12 plant
in Oak Ridge, Tenn. In 1952 he helped
found the Lawrence Livermore Labora-
tory of the University of California; lat-
er he served as its director. In 1958 he
left to become the first Director of De-
fense Research and Engineering for the
Federal Government, a job he was given
by President Eisenhower. In 1961 he re-
turned to the academic world as chan-
cellor of the University of California
at San Diego; he resigned in 1964 to
become professor of physics. He has
served as adviser to the Federal Govern-
ment on arms and arms control in many
different capacities.



An exhaustive compendium covering all aspects of physics and astronomy.

Take the 2\Volume
LIBRARY OF PHYSICAL SCIENCES

for only $3.95

as your introductory selection to one of Macmillan’s two science book clubs—
The Astronomy Book Club or the Library of Science.

You simply agree to buy 3 more books—at handsome discounts—within the next 12 months.

Pub. Price
$44.50

The McGraw-Hill Encyclopedia
of Astronomy contains 230 articles
providing coverage of everything from
constellations, and the gravitational lens
to Einstein shift, and the instruments
used in ultraviolet, radio and X-ray as-
tronomy. Nearly 400 photographs,
charts, graphs and drawings—including
13 pages in full color—illustrate and illu-
minate the articles.

The Astronomy Book Clubis a very
special club operated exclusively for as-
tronomy enthusiasts. Whether you are in-
terested in unusual astronomical hap-
penings or just in being able to
understand the night sky, whether you are
an astronomer by profession or by inter-
est, we're sure you'll find membership in
the Astronomy Book Club beneficial.

Over 25000 astronomy enthusiasts
already are members of our Club. Recent
offerings have ranged from popular ex-
planations of deep-sky phenomena to au-
thoritative references for serious sky
watchers to important theoretical works
on the frontiers of astrophysical research.

Eminent authorities such as Carl
Sagan, Robert Jastrow, George Abell and
John Gribbin appear frequently. The
Club is devoted to making the finest
books available, conveniently and inex-
pensively.

A SAMPLING OF THE
INFORMATION YOU’LL
FIND IN THESE VOLUMES:

Keeping you abreast of the latest ad-
vances in physics and astronomy, the Li-
brary of Physical Sciences provides a
wealth of information on these closely
related and rapidly developing fields.
These two companion volumes contain a
total of 990 articles by over 500 of the
world’s leading scientists. The articles
originally appeared in the 15-volume
McGraw-Hill Encyclopedia of Science
and Technology (Fifth Edition, 1982).

These outstanding references provide
easy access to material. Most articles
contain acomplete, current bibliography.
Cross-references guide the reader to re-
lated topics. Finally, both volumes con-
tain a detailed index.

MEMBERSHIP BENEFITS: Inaddition to getting
the LIBRARY OF PHYSICAL SCIENCES for only
$3.95 whenyou join, you keep savingsubstantially on
the books you buy. Also, you will immediately be-
comeeligibleto participate in our Bonus Book Plan,
withsavings of upto 70% offthe publishers’ prices. At
3-4 week intervals (16 times a year) you will receive
the Book Club News, describing the coming Main
Selection and Alternate Selections, together with a
dated reply card. If you want the Main Selection, do
nothing and it will be sent toyou automatically. If you
prefer another selection, or no book at all, simply
indicate your choice on the card. and return it by the
date specified. You will have at least 10 daysto decide.
If, because of late mail delivery of the News, you
shouldreceive a book you do not want, we guarantee
return postage.
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Pub. Price
$54.50

The McGraw-Hill Encyclopedia
of Physics covers all areas of classical
and modern physics as well as related
topics in mathematics which play an im-
portant role in physical science. The 763
alphabetically arranged articles discuss
experimental and theoretical aspects of
acoustics, atomic and molecular physics,
particle physics, fluid mechanics, heat
and thermodynamics, low-temperature
physics, nuclearphysics,and more. You’ll
also find over 1000 tables, graphs, photo-
graphsand other illustrations.

The Library of Science is the oldest and
most respected scientific book clubin the
country.

Convenient and enjoyable, The Li-
brary of Science puts you in touch with
the major science developments,
theories, and applications of our day.
Books by Stephen Jay Gould, Karl Pop-
per, and Steven Weinberg. Regularly
made available to you in the Library of
Science NEWS.

You’ll save time selecting books that
span an exciting variety of subjects from
climatology to creativity, Einstein to
evolving continents, with handsome dis-
counts on virtually.every book you pur-
chase.

If reply card has been removed. please write:
Macmillan Science Book Clubs—Dept. ___-AZ3,
Riverside, N.J. 08075 to obtain membership
information and application.
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10 QUESTIONS
TO ASKYOURSELF

BEFORE YOU
BUY A BUSINESS
COMPUTER.

The toughest thing about invest-
ing in the best computer is finding
which computer is best for you.
Because computers can be just as dif-
ferent as the people they work for.

That's why we've devised a list of
10 basic, unbiased questions to help
simplify the choice of which computer
will get along with you.

HOW MUCH
SHOULD I SPEND?
As little as possible, and
still get a fully functioning
computer.

That would not include
machines you see advertised for under
$1,000. They're mainly designed for
home entertainment and balancing
your checkbook in full color.

For a serious business system,
with all the capabilities you need, you
can spend as little as $1,600, including
software. Or as much as $5,000. And
up.

Of course this gives you a choice
of more than 500 different makes and
models. Sorather than devote the next
5 years of your life trying 500 different
computers, a good short list would
include computers from IBM, Kaypro,
Apple and Tandy—the leading

brands.

WHAT
CAPABILITIES
DO I NEED?
While businesses
can be very different,
their computer needs
usually aren't.

We've found that 95% of all busi-
ness needs can be fulfilled by a com-
puter with three basic capabilities.
Word Processing/Spelling, Data Base
Management (filing/reporting), and

puter has a popular
‘operating system, so
much the better.

It will have
thousands of other
programs available
to fill more special-
ized needs.

HOW MUCH
HARDWARE
DOINEED TO GET
STARTED?

Beyond the basic com-
puter, you need a monitor and at least
one disk drive, the device that stores
information. For word processing or
data base management, you will need
acomputer with 2 drives. Such power-
ful programs require the storage
capacity of their own disk drive.
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A second drive also eases copy-
ing data from one disk to the other.

HOW MUCH
MEMORY WILL

I NEED?

For most business pur-
poses, a machine with a
built-in memory (RAM) of
64K, about 42 typed pages.

Since you'll need a disk drive to
store data, its capacity should be at
least 140K. Of course, the
idea is to get the most
memory for the
money. For example,
when you compare
the hardware of
equivalent systems,
an [BM PC will give
you 320K for about
$2,800. A Kaypro [T will
give you 400K for about

$1,595. And an Apple Ile
will give you 286K for about $2,400.
So once again, the choice depends
upon your needs.

DO INEED AN
8-BIT OR 16-BIT

SYSTEM?

A 16-bitsystem
costs more, gives you a
little more speed, and
can run longer programs. Unfor-
tunately, only a handful of programs




take advantage of 16-bit capacity.

75% of all microcomputers sold
today are of the 8-bit variety, indicative
of their ability to satisfy the needs of

most businesses.

WILL I NEED
A PRINTER?
Most people do, sooner
or later. Its a fast, effici-
ent way of getting infor-
mation from your computer screen to
other people. For letters, for reports,
for balance sheets and for records.
That's why it's important to make sure
the computer you want has a built-in
printer connection. Otherwise when
you go to buy a printer, youll also
find yourself paying for an interface.

HOW MUCH
TRAINING WILL
INEED TO USE MY
COMPUTER?
You won't have to learn to
write programs to use your
computer. Somebody’s already done
that for you. You will have to learn how
your machine operates, which may
take a few hours.

And youll learn how to run pro-
grams. The time that it takes depends
on their complexity. The ideal way to
save time is having a family of pro-
grams that share the same commands.
Each program in the series will take
less time to learn.

WHERE CAN 1 GO
FOR GOOD SOLID
ADVICE?

Do the same thing you
would do if you were
shopping for a stereo or an expensive
camera. Ask an enthusiast. A computer
buff. You probably know one. If not,
call a consultant. In the long run, he or
she could save you a lot of money by di-
recting you to the right combination of

hardware and software. And by advis-

ing you whether to buy acomputer now

or wait for prices to come down further.
It is true that the price of serious
business computers is drifting down
an average of 10-12% a year. The ave-
rage system costing $3,000 today may
cost $2,700 next year. Yet, you could
lose thousands of dollars of increased
productivity, waiting to save $300.

SPECIFICATIONS
Microprocessor Perfect Filer
Z-80 Perfect Calc
Operating spreadsheet
System Wordstar word
CPM 22 processing
User Memory The Word Plus
64K Profit Plan
Disk Drives: spreadsheet
2 drives, 400K, M-Basic
unformatted 12 Games
Interfaces Uniform—allows

1 Serial computer to

1 Parallel ‘read’ and ‘write
Keyboard TRS-80, Osborne,

Detached, 63-key Xerox disks

with numeric Dimensions

Height: 8 inches
Software included: Width: 18 inches
Perfect Writer Depth: 15% inches
word processing  Weight: 26 lbs.

keypad

Perfect Speller (portable)

WHY IS THERE
SUCH A GREAT
DIFFERENCE
IN THE PRICE
OF COMPUTERS?
Some differences are
based on capabilities. Business com-
puters capable of playing joystick
games cost more than ones that stick to
business. And, as we mentioned
before, 16-bit computers cost more
than 8-bit systems.

A more important difference is
the way computers are manufactured
and sold. Most start with the basic
keyboard and microprocessor, for a
basic price.

You then pay more for a monitor.

More for disk drives. More for com-
munication interfaces. More for soft-
ware. All optional extras that can run
up the price two or three times.
However, at Kaypro we don't
consider monitors, disk
drives and software to be
optional extras. So we
make and sell completely
integrated systems with

all the hardware you need. All the
software you need. All for $1,595.

Of course, a lot of other com-
puter companies feel you should pay
extra for everything you get.

10

All things considered, we d con51der

it a Kaypro. And since this is a Kaypro
ad, you wouldn't think we'd suggest
anything else. But fortunately for us,
our computer gives us a lot to be
biased about. Off the shelf, it gives
you everything you want for 95% of
your business needs. Plus the ability to
run 3,000 more programs. Its the
complete business computer.

What do you get complete? 64K
RAM, Z-80 microprocessor. CP/M,
the most widely used business software
operating systems. A 9" easy-to-read,
green monitor. Two disk drives (400K
capacity). Interfaces for both a printer
and communications. A detachable
keyboard, with a numeric keypad.
And one of the leading computers in
the $1,000 to $5,000 price range.

A Kaypro may not be the best
computer for everyone. But for $1,595
complete, it gives you the best solution
to serious business problems.

CALL 800-447-4700 FOR THE
DEALER NEAREST YOU.

Apple Computer, Inc., [BM — IBM

SMARTEST
COMPUTER
FOR ME TO

Registered Trademarks: Apple —

Corp., CP/M — Digital Research, Inc., Z-80 — Zilog, M-Basic — Microsoft,
Inc., Tandy, TRS-80 — Tandy Corporation, Osborne — Osborne Computer
Corporation, Xerox — Xerox Corporation. Prices based on published
information as of July 15, 1983. © 1983 Kaypro Corporation.

The Complete Business Computer.
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COMPUTE

RECREATIONS

Introducing a department concerned

with the pleasures of computation

by Brian Hayes

Let us calculate.
—GOTTFRIED WILHELM VON LEIBNIZ

ome of the livelier games played
with a microcomputer now come

equipped with a function designat-
ed TBIC. The letters stand for “The boss
is coming,” and when the key assigned
to the function is pressed, the battlefield
on the glass screen immediately goes si-
lent and dark. Here, it seems, are the two
poles of the public response to the recent
proliferation of inexpensive computers.
On the one hand the computer is an en-
gine of business, a capitalist tool; on the
other it is a medium for entertainments
so frivolous that they must be hidden
from view, like comic books.

I do not mean to belittle either the
practical applications of computers in
business and industry or the genre of
computer games whose principal aim is
to test the player’s reflexes. Utilitarian
computing is unquestionably important.
As for the video games, their construc-
tion may well be among the highest ex-
pressions of the programmer’s art. It
should be observed, however, that nei-
ther of these uses of the computer en-
gages very deeply the question of what a
computer is and what it can do.

There is a vast territory between busi-
ness programming and video games, be-
tween VisiCalc and Space Invaders. The
territory includes the applications of the
computer in all the arts and sciences,
and perhaps most obviously in mathe-
matics. It includes the use of the com-
puter to simulate aspects of the natural
world and of human societies. Further-
more, it includes many pursuits that
properly speaking are not “uses” of the
computer at all but rather serve to focus
attention on the computer itself and on
the nature of mechanized computation.
It is this realm between stern practicali-
ty and mere diversion that “Computer
Recreations” will undertake to explore.
Contributions from readers are wel-
come. Given that thinking remains a
good deal harder than computing, those
without access to computing machinery
should be at only a slight disadvantage.
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Even the tools of the businessman can
sometimes be applied to problems in
the theory and practice of computing.
Here I shall consider some questions
raised by novel applications of the pro-
grams called electronic spreadsheets.

paper spreadsheet is a large page

ruled into many columns and rows.
It might be employed for analyzing the
budget of a company. Each department
could be given a column and each cate-
gory of income or expense a row. Totals
and percentages for each department
and each category could be entered in
additional columns and rows.

The electronic spreadsheet reproduc-
es this structure on the screen of a cath-
ode-ray tube, but with a few notable dif-
ferences. On paper a given cell (defined
as the intersection of a column and a
row) can hold either a label, such as the
name of a department, or a number. In
an electronic spreadsheet a cell can also
be assigned a mathematical formula.
Thus the cell at the end of a row might
hold a formula that calls for summing
the values entered into all the other cells
in the row. What is displayed on the
screen is the number that results from
evaluating the formula, in this case the
total, but the underlying content of the
cell is the formula itself rather than
the number. If one of the other entries
in the row is changed, the total is recal-
culated automatically.

The first of the electronic-spreadsheet
programs was VisiCalc, developed in
1978 by Daniel Bricklin, who was then
a student at the Harvard University
School of Business, Robert Frankston
and Dan Fylstra. It is said to have sold
more copies than any other computer
program. Dozens of other programs op-
erating on similar principles have been
introduced since then, and VisiCalc it-
self has beenrevised several times. Most
of the experiments described here were
done with two later spreadsheet pro-
grams: 1-2-3, conceived by Mitchell
Kapor and Jonathan Sachs of the Lo-
tus Development Corporation of Cam-
bridge, Mass., and Multiplan, a product
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of the Microsoft Corporation of Belle-
vue, Wash. In most cases other spread-
sheet programs would serve as well.

Although the electronic spreadsheet
was designed for financial analysis, it is
capable of much more. It is a two-di-
mensional matrix of cells where the val-
ue of each cell can be made to depend on
any other cell or group of cells. It is
surprising how much of the mathemati-
cal structure of the world can be coaxed
into such a format. Indeed, it turns out
that the spreadsheet represents a quite
general context for describing mathe-
matical and logical relations.

A simple example can give a better
grasp of how a spreadsheet is manipu-
lated and suggest what its potential is.
Each cell is specified by its coordinates
in a grid; in most of the programs the
columns are identified by letter and the
rows by number, starting at the upper
left. Suppose cells Al and A2 are each
assigned a numeric value of 1. In cell A3
a formula is then entered: the value at
position A3 is set equal to the sum of the
value in the cell immediately above it
and the value in the cell above that one.
In other words, A3 is equal to the con-
tents of A2 plus the contents of A1, and
it displays the value 2.

What has been accomplished so far is
trivial: it is a highly elaborate scheme
for expressing the relation 1 + 1 = 2. It
is now possible, however, to copy the
formula in cell A3 into many other cells.
(The exact procedure for making copies
varies from one program to another, but
all the programs include such a facility.)
Suppose the formula in A3 is copied
into cells A4 through A10. Each of
those cells will then hold a value equal
to the sum of the values in the two cells
above it. Note that the formulas are all
identical, but because they are applied
to different values the results are not.
The numbers displayed, reading from
top to bottom, are 1, 1, 2, 3, 5, 8, 13, 21,
34 and 55.

here are many ways of generating

the Fibonacci series with a comput-
er, and most of them make far more
efficient use of the machine’s resour-
ces than this one does. There is some-
thing quite distinctive, however, about
the spreadsheet strategy: it is nonalgo-
rithmic. In almost all programming lan-
guages a task or the solution to a prob-
lem is defined in terms of an algorithm,
that is, a sequence of explicit instruc-
tions to be executed one after another.
An algorithm is like a recipe: it might
begin, “First mix flour, yeast and water,
then let rise and finally bake.” Doing the
same operations in another sequence
would have a quite different result. The
spreadsheet does not have this charac-
teristic temporal ordering. What goes
into the cells is not a sequence of steps
that leads from the problem to the solu-
tion but a static structure that attempts



THE PERSONAL PRINTER BUILT
LIKE A SHERMAN TANK

PERFORMS LIKE A CONCERT GRAND.

Why We Get Encores. Okidata
takes center stage with a cast of print-
ers that can’'t be outperformed. All
eight dot matrix printers offer you
more features for your money than
you can find anywhere else. Pick your
tempo: data processing at speeds
from 80 to an exceptional 350 cps; to
stress a point, enhanced and empha-
sized printing at up to 100 cps; out-
standing letter quality printing at
speeds three times faster than most
daisywheels — up to 85 cps. Add a full
range of graphics capabilities, down-
line loadable character sets for
creating personalized typefaces and
symbols, and your print repertoire is
virtually unlimited.

We Play On and On. Our virtuosos
feature rugged steel frames, laser-

welded parts, and our long-life, non-
ballistic print head warranted for up
to one full year. With this tank-tough-
ness you'd expect Okidata to have the
lowest warranty claim rate in the in-
dustry. And we do: less than 2%.

In Tune with All Major Computers.
We've designed each of these finely
tuned instruments to be harmonious
with all the major names in personal
computers. And to give you more
than you'd get from the major com-
puter name printers. After all, we
specialize in printers. The computer
folks specialize in computers. (That's
why MOST buy their printers from
somebody else).

Larger Selection. Smaller Prices.
Because we make more printers than
anybody else, we can give you just the
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rightone to fit your specific needs. Not
to mention your budget. Suggested
retail prices range from $449 to
$2995. Call 1-800-OKIDATA (in NJ,
609-235-2600) for the dealer nearest
you. Both you and your computer will
enjoy the performance.

OKIDATA

Mt.Laurel. N) 08054
A subsidiary of Oki Electric Industry Company Ltd.
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Over 300 manufacturers
sell their microcomputers
with Microsoft soffware.

There’s a reason.

Powerful simplicity. That's the concept behind
every software program we write. Powerful programs
that let you spend more time thinking about the
problem...and less time thinking about the computer.
That concept has earned us the confidence of over
300 miicrocomputer manufacturers. Starting with the
very first microcomputer you could buy. And today,
Microsoft® languages, operating systems and applications
software are running on well over a million micro-
computers. Worldwide.

Made for each other. Manufacturers literally build their
computers around Microsoft software. That's no exag-
geration. In fact, Microsoft frequently participates in the
initial design and development of microcomputers.
That's a major reason why Microsoft software runs so
well on the majority of the world's 8- and 16-bit systems.
User-oriented. Microsoft is the only software supplier
to offer a full range of compatible operating systems,
languages, utilities and applications programs. If youre
not a computer expert, here’s what that means to
you: Better programs. Programs that are not only more
powerful, but easier to learn and use.

Better tools. We can't buy your trust. We have to earn
it. With better products. Tools you can easily
use to solve complex problems. We started
with the first BASIC for the first
microcomputer. Today, we
offer a broad range of
proven tools for micro-
computers. Including
SoftCard™ and
IBM® RAMCard™

© 1983 SCIENTIFIC AMERICAN, INC

products that materially increase the capabilities of
Apple ® and IBM PC computers. Plus, business and
management software such as Multiplan™ the pow-
erful electronic worksheet you can learn to use in just
a few hours. Better tools. Because theyre designed
specifically for your computer.

Ask your Microsoft dealer. Most microcomputer
manufacturers offer their systems with some Microsoft
software, but you'll undoubtedly want more. Pro-
grams and languages that solve your specific problems.
Programs for your industry, business or home. Pro-
grams that do more, yet ask less. Ask your computer
software dealer for a demonstration. You'l see why
more than 300 microcomputer manufacturers offer
their systems with Microsoft software. The reason

is powerful simplicity.

BETTER TOOLS FOR MICROCOMPUTERS

MICRSSOFT.

MICROSOFT CORPORATION
10700 NORTHUP WAY
BELLEVUE, WASHINGTON 98004

Microsoft s a registered trademark,
and Multiplan, SoftCard, RAMCard and the
Microsoft logo are trademarks of Microsoft Corporation
Apple and the Apple logo are registered trademarks of Apple
Computer, Inc. IBM and the IBM logo are registered trade-
marks of International Business Machines Corporation. The
Radio Shack logo is a registered trademark of Radio Shack, a
Division of Tandy Corporation. The Burroughs logo is a registered
trademark of Burroughs Corporation. The Victor logo 1s a registered
trademark of Victor Business Products. The Wanglogo is a registered
trademark of Wang Laboratories, Inc.




to encompass the entire procedure all at
once. It is a description rather than a
recipe: it states that bread consists of
flour, yeast and water that have been
mixed, allowed to rise and baked.

The distinction between an algorithm
and a static description can be made
clearer by another example. Consider
the procedure for multiplying two ma-
trixes of numbers when each matrix has
three columns and three rows. The stan-
dard algorithm begins with instructions
to multiply each element in the first col-
umn of the first matrix by each element
in the first row of the second matrix, to
add the three results and to store the
sum as the first element of the product
matrix. The same instructions are then
repeated for the other eight combina-
tions of rows and columns. The state-
ment of the problem in a spreadsheet
takes another form, and it can exploit
the structural similarity of a mathemati-
cal matrix and an array of cells. Instead
of writing a sequence of instructions,
one simply defines the product matrix
setting each cell equal to a formula that
represents the appropriate combination
of columns and rows. When the formu-
las have been entered, they are evaluat-
ed “all at once” and the entire product
matrix appears.

At a deeper level, of course, a com-
puter running under the direction of a
spreadsheet program is indeed execut-
ing an algorithm. A computer that has
only one central processing unit can do
only one thing at a time, and so the cells
are necessarily evaluated in some se-
quence. The user of the program, how-
ever, ordinarily has no need to take the
sequence into account, and indeed he is
often unaware of it. Thus the user need
not think in terms of algorithms.

It is certainly not my intention to sug-
gest that the nonalgorithmic mode of
thought is somehow better than the al-
gorithmic one. Some people may well
prefer it, but that is largely a matter of
taste. When a procedure becomes very
complex, there is much to recommend
the algorithm, which is more readily
broken down into manageable pieces.
Solving the problem all at once calls for
understanding it all at once. It does seem
likely, however, that there are certain
problems or classes of problems that
lend themselves naturally to a nonalgo-
rithmic formulation.

One field where the spreadsheet’s
two-dimensional rectilinear array
provides an appropriate medium is in
constructing systems of cellular autom-
ata. The study of such systems was ini-
tiated in the 1950’s by John von Neu-
mann and Stanislaw Ulam, whose main
concern at the time was with self-repro-
ducing patterns. The rules they set them-
selves called for a “uniform cellular
space” in which each cell represents an
automaton, or machine, that has only a

finite number of possible states. The
space is uniform in the sense that the
laws governing the state of the automata
are the same for all the cells. A further
constraint is that the state of a cell can
be influenced only by its own history
and by its close neighbors.

The conditions defining a system of
cellular automata can readily be met by
a spreadsheet program. In principle the
number of states available to a cell is
extremely large (perhaps 10100), but it is
clearly finite, and it can be reduced to a
small number if that seems best; for ex-
ample, a cell can be assigned a formula
that can yield only two possible values,
such as 0 and 1. The requirement of uni-
formity adds an interesting constraint. It
implies that every cell in which a formu-

la has been written must hold precisely
the same formula. (There is more than
one way of deciding whether two for-
mulas are the same. Suppose a formula
in cell Al refers to cell B1, immediate-
ly below it. A formula in A2 might be
considered identical if it also refers to
B1, where the “absolute address” is the
same, or if it refers to B2, where the
geometric relation is preserved. The lat-
ter interpretation is generally more use-
ful and seems more in keeping with von
Neumann’s and Ulam’s ideas, but either
scheme is acceptable if it is applied con-
sistently. The spreadsheet routines for
copying the contents of cells provide an
easy operational test of uniformity. An
array of cells can be considered uniform
if a formula can be entered into one of
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HEARD?

The sound of hunger is
louder than the rumble of an
empty belly or the cry of a
mother with nothing to feed
her child. Hunger thunders
through the generations and
echoes against the dead end
of abandoned dreams.

In the end, hunger can be
heard in the scream of
protest, in revolution and in
rifle fire.

Oxfam America knows a
better way. We work with
people who are developing
their own food and eco-
nomic resources in 33
countries in Asia, Africa and
Latin America. We put
people to work in our own
country, too, learning about
the causes of hunger and
what we, as responsible
world citizens, can do about
it.

We need your help to
change the roar of hunger
into a whisper of hope.

‘ America
Box N200

115 Broadway
Boston, Ma.02116
617 482-1211

A full, audited financial

report is available from
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Oxfam , America, or, for New
York residents, from the
Department of State, Office
of Charities Registration,
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Structure of an electronic spreadsheet

them and then copied by the program
into all the others.)

Von Neumann was able to prove that
a self-replicating configuration of cells
does exist. He did. it the hard way, by
showing there is a universal constructor
that can create any pattern and there-
fore must be able to create its own pat-
tern. The proof calls for some 200,000
cells having 29 possible states. As far as
I know, the pattern has never actually
been constructed, either manually or
with the aid of a computer. Conceivably
it might be within the capabilities of the
larger spreadsheet programs.

A far simpler system capable of self-
replication was devised in 1960 by Ed-
ward Fredkin of the Massachusetts In-
stitute of Technology. Each cell has just
two possible states, living and dead,
which can be represented by the num-
bers 1 and 0. The state a cell will occupy
in the next generation is determined by
the present state of its four orthogonally
adjacent neighbors, that is, the four cells
immediately to the north, east, south
and west. If the number of living neigh-
bors is even (0, 2 or 4), the cell dies or
remains dead. A cell with an odd num-
ber of living neighbors (1 or 3) lives.

It is a straightforward matter to ex-
press this rule in a spreadsheet formu-
la, particularly with programs that in-
clude a function for modular arithme-
tic. In the case of cell B2 the formula
1s(Bl1 + C2 + B3 + A2) modulo 2. The
effect of the formula is to add the values
in the four neighboring cells, divide by 2
and retain only the remainder, which is
necessarily either O or 1. It then remains
only to copy the formula (in such a way
that cell references preserve the same
geometric relations) into all the cells
throughout a region of the spreadsheet.
Actually there is one further subtlety in
the construction of the system: two cop-
ies of the cellular space are needed. One
copy represents the present generation
and one preserves the state of the pre-
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ceding generation. The present state of a
cell is based on the number of neighbors
it had in the earlier generation.

When the spreadsheet is set up ac-
cording to Fredkin’s rules and an initial
pattern is supplied, each cycle of recal-
culation yields a new pattern. After a
few cycles four copies of the original
configuration appear. Later the copies
themselves are copied four times, so
that the initial pattern has been repro-
duced 16 times. The number of cycles
needed for reproduction depends on the
complexity of the initial pattern; in the
simplest case (a single live cell) the four
offspring appear immediately.

Watching the progress of a grow-
ing colony can be fascinating. Fourfold
symmetry is maintained at all times, and
some of the patterns have a striking,
stellate form. There is a rhythm to the
process: the perimeter of the occupied
area expands continuously, but the in-
terior periodically becomes filled with
a dense thicket of cells and then emp-
ties again.

urely the best-known system of cellu-
lar automata is the game of life, in-
vented by John Horton Conway of the
University of Cambridge and intro-
duced to the world at large in 1970 by
Martin Gardner in his Scientific Amer-
ican column ‘“Mathematical Games.”
The game, like its own pullulating au-
tomata, has by now spread to virtually
every kind of computer system and pro-
gramming language. There is a good
reason: the game rewards the attention
given it, whether the attention takes the
form of casual spectatorship or close
analysis.

In Conway’s game of life the rules are
defined not to ensure the replication of
a pattern but rather to maximize varie-
ty or minimize predictability. Each cell
again has two possible states, but the
surrounding neighborhood is made up
of the eight nearest cells, including the
diagonally adjacent ones. If a cell is liv-
ing, it will continue to live in the next
generation only if it has either two
or three living neighbors. With fewer
neighbors it is said to die of loneliness
and with more it dies of overcrowd-
ing. For a nonliving cell a birth is pos-
sible only if there are exactly three liv-
ing neighbors.

An algorithmic specification of this
procedure tends to be highly repetitious.
It calls for examining a given cell, count-
ing its neighbors, deciding whether the
cell is to live or die, then going on to
the next cell and the next until all of
them have been checked. The repetition
is generally embodied in the program
structure called a loop, which is execut-
ed once for each cell. When the game of
life is encoded in a spreadsheet, the repe-
tition is still there, but it is spatial rather
than temporal: the same formula is en-
tered into each cell in a large array.



Your everyday television
set is about to become com-
puter-like.

And it will be doing some
very un-television-like things.

It's all due to the item you
see here —a sophisticated set
of eight semiconductor chips
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ITTannounces
the biggest advance in
telewslqn silgce color.

developed by the people of
ITT.

These tiny chips will
replace some 350 parts in
today's television set.

Using the latest in digital
technology ("digital” being
the language of computers),
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The best ideas are the IT T
ideas that help people.

they will be able to pro-
vide astonishingly clear
pictures (clearer than any-
thing any TV had before).
As well as superb, new
sound quality.

You'll also be able to have
two channels on your TV
screen at once. Finding out
how your stock did on one
channel, for example, while
you watch the late news on
another.

With this new kind of TV,
it will be easy to shop at
home. You'll just punch up
your purchase on a keyboard,
selecting from a catalog on
the TV screen.

Your TV set will even
become part of a home
security network —allowing
you to have surveillance over
your whole property at the
touch of a finger.

[TT is making these chips
available to various television
manufacturers, who will be
marketing their own “digital”
TV sets very soon.

It's a television worth
watching for.
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Teach yourself speed reading
in 10 hours
or your money back!

1-800-228-5655

Most executives must read a million words each week if they
are to do their job.

1,000,000 words! And that’s reading related to
immediate business. It does not include other business related
reading—you know the reading that helps you stay ahead of
the game.

That’s why most executives spend almost half of every
work day reading. About 3 hours a day is average.

The good news is that now you can cut this load in half—
at the very least.

You can use Speed Reading Self-Taught (SRST) to teach
yourself speed reading. In just 10 hours or so you can double
or triple your reading and increase your comprehension.
Xerox Learning Systems guarantees this or your money back.

Speed Reading Self-Taught was originally created
especially for our clients. (We help thousands of companies
help their people do a better job, including 357 of the Fortune
500).

Thousands of executives in sales, data processing,
engineering, marketing and management have proved out the
SRST learning system, reporting significant gains in reading
speed as well as impressive lifts in comprehension. SRST
works for slow readers...for fast readers. It will work for you.
The materials are mailed to you complete. All you need is a
cassette recorder and a watch with a second hand.

SRST costs $95. Your organization will probably pay or
reimburse you. We guarantee SRST will teach you lasting
speed reading skills or your money back.

Most executives read at a seventh grade pace. Isn’t it time
you broke out of that pack?

You can teach yourself speed-reading in 10 hours with
SRST. You can double or triple your reading speed and
increase your comprehension. Xerox Learning Systems
guarantees this or your money back.

To order Speed Reading Self-Taught, simply call us, toll
free, at 1-800-228-5655. In Nebraska, 1-800-642-8777.
Major credit cards accepted or send check for $95.00 plus
$4.95 shipping and handling to Xerox Learning Systems,
6 Commercial Street, PO. Box 944, Department SRST-
S9ASA, Hicksville, N.Y. 11802.

XEROX

Xerox Learning Systems
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There are many ways of writing a for-
mula to evaluate the state of a cell in the
game of life. The best I have seen (mcan-
ing the one that runs the fastest) was
devised by Ezra Gottheil of Lotus. The
basic procedure is to multiply the val-
ue in the cell under examination by 9,
yielding a result of either O or 9, then
add the values in the eight surrounding
cells. That result is looked up in a small
table that gives the new state of the cell
for all possible values of the sum (namec-
ly those between O and 17).

Ideally the game of life would be
played on a cellular matrix of infinitc
extent. One of the fascinations of the
game is that certain small initial pat-
terns grow into magnificent symmetri-
cal blooms after just a few generations;
other patterns emit compact projectiles
that glide off into the indefinite distance.
The evolution of the pattern is changed
whenever an organism falls off the edge
of the world. An infinite matrix is im-
possible under any circumstances, and
when one is working with a spreadsheet,
the practical limits are indeed rather
small. They are set by the capacity of the
program itself, by the memory capacity
of the computer and by one’s own pa-
tience. (The time needed for creating a
new generation is roughly proportional
to the number of cells included.) One
strategy for creating an array that has
no boundaries even though its area is
finite is to define the cells along opposite
edges as being adjacent; the effect is to
change the topology of the spreadsheet.
Joining two edges in this way creates a
cylinder or, if the sheet is twisted, a Mo-
bius band. Joining all four edges in pairs
forms a torus.

he Ising model is a simulated physi-

cal system that superficially resem-
bles some cellular automata, although
its interpretation is quite different. The
model, which was introduced in the
1920’s by the German physicists Wil-
helm Lenz and Ernest Ising, can repre-
sent a number of physical phenomena,
but it is most commonly applied to the
description of ferromagnetic materials.
Each site in a lattice represents the spin
angular momentum, and hence the mag-
netic moment, of an atom. Each spin
has a fixed magnitude, but the spin axis
can point either up or down. When all
the spins point in the same direction,
the material is fully magnetized; when
the spins are random, the magnetiza-
tion is zero.

A spreadsheet realization of the Ising
model is somewhat more complicated
than one for Fredkin’s replicating au-
tomata or Conway’s game of life. The
state of a given spin is again influenced
by the nearest-neighbor cells, in this case
the four orthogonal ones. In the Ising
model, however, there is an element of
randomness, which represents the effect
of nonzero temperature. If a cell’s neigh-
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bors are all pointing up, the cell also has
a tendency to point up, but it is not cer-
tain to do so; the probability is inversely
proportional to the temperature.

A few experiments I have undertaken
with a spreadsheet Ising model have
yielded mixed results. The expected
properties of the two-dimensional mod-
el have been known exactly since 1944,
when Lars Onsager of Yale Universi-
ty solved the system analytically (rath-
er than by numerical simulation). As
the temperature is lowered through a
threshold value (the Curie temperature)
the spins should begin to fluctuate wild-
ly and then should become fully mag-

.a. + .--..Il.
........ .I||1i
D A
____________________ H
NN
BN
EEEEEREESOOCNENE 1|
d.. .....
........ EEESEEEEEEEE
........ ..:.,.. 1|
...... Jofefol } oL LITTTTL
[ slel ol Tel T Ts[ TTT| H
g

netized. I have not seen such a phase
transition, but I am not really surprised.
The Ising model makes outrageous
demands on computational resources.
Getting accurate results requires a large
lattice and a consideration of all possi-
ble configurations of the spins, which
can take many hours even with an effi-
cient program and a high-speed proc-
essor. At the Institute for Theoretical
Physics of the University of California
at Santa Barbara a special-purpose Is-
ing-model computer has been built that
calculates 25 million spins per second.
The corresponding figure for the spread-
sheet version of the model is about 25.
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Even though the interesting events
near the Curie temperature cannot be
observed, the spreadsheet Ising model
does seem to embody some other prop-
erties of magnetic materials. At high
temperature the array of spins is with-
out apparent pattern, as one would ex-
pect. At low temperature the magnetiza-
tion of the lattice is obvious. Large, ir-
regular blocks of aligned spins develop
spontaneously, and blocks of opposite
polarity seem to contend along their
boundaries. One surprise (at least it sur-
prised me) was the appearance of an an-
tiferromagnetic phase, in which every
other spin points in the opposite direc-
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System of cellular automata devised by Edward Fredkin in which any pattern reproduces itself

32

© 1983 SCIENTIFIC AMERICAN, INC



Enter the JeB“It Whispers” Photo Contest.

We're looking for the photograph that
whispers JiB3 best. Capture that scene,
and JeB will cover all expenses for a
once-in-a-lifetime trip to Scotland. Plus,
for the best of the rest, we’ve got 160
other fabulous prizes.

Grand Prize

‘Ten-day, nine-night trip for two to Scot-
land, including round trip air transpor-
tation, hotel accommodations, meals,
car rental, visit to JeB distillery, sight-
seeing, plus $2,500 spending money.

10 First Prizes

Nikon F3 Camera with 50mm F1.8
Nikkor Lens. 35mm Camera features
automatic exposure control, compact
and light design with built-in

body grip. Uses Nikon

Bayonette Mount-

ing system which

assures fast and

accurate mounting.

50 Second Prizes

Nimslo 3-Dimensional Camera Outfit.
Fully automatic, uses popular brands of
35mm color print film. View

finder and information

display. Small compact

styling and light-weight

construction.

100 Third Prizes

Vivitar Instant Slide Printer.
Makes Polaroid Instant 3%’
x 4%" print from any 35mm
slide. It features automatic
exposure control, a variable
composition selector and a
built-in electronic flash.

How to Enter

pon on this page or see
your participating liquor store for an
entry blank. Take a picture of the scene
you think whispers J¢B, and send it in.
Be sure to follow the rules below.
Incomplete entries will be invalid.

Official Rules—
No Purchase Necessary

1. To enter, submit a black-and-white or color photograph
(2% x 2% 10 8"'x 10") of a scene that you feel “whis-
ers.” Slides and transparencies are not accepted.

. Handprint your name, address, and zip code on the
official entry form or a plain piece of paper. Glue or tape it
to the back of your photo entry. Do not write on photo.
Include cardboard Eacking to protect picture in mail.
Include with your entry the answer to the following ques-
tion: What do the initials “J&B” on a bottle of J&B Rare
Scotchstand for? Your entry will not be eligible for judg-
ing unless this question is answered. The information
needed to answer this question may be found by looking
at the label of any bottle of J&B Rare Scotch. You may
obtain a free label facsimile by writing to: J&B Label, P.O.
Box 3244, Syosset, NY 11775.

3. Enter as often as you wish, but each entry must be
mailed separately to: J&B Third Annual “It whispers”
Photo Contest, PO. Box 3258, Syosset, NY 11775. Entries
must be received by December 31, 1983. No responsibility
is assumed for lost, misdirected or late mail.

4. Entries will be judged on the basis of originality (0 to
30 points), relevance to the theme (0 to 40 points), com-
position (0 to 20 points), photographic technique (0 to 10

points). Winners will be selected under the supervision
of National ]udginE Institute, Inc., an independent judg-
ing organization whose decisions are final on all matters
relating to this contest. All prizes will be awarded and
winners notified by mail. Prizes are not transferable or
exchangeable. Only one prize to an individual or family.
5. All entries become the property of The Paddington
Corporation with all rights, including the right to edit,
publish and use any photo without further consideration
of payment to the contestant. No correspondence about
entries will be entered into, nor will photos be acknowl-
edged or returned.

6. Before receiving a prize, each entrant must warrant his
age, that the photograph was taken by himself, that he is
an amateur photographer, and that he has full

rights to the photograph and that it has won no

previous award or competitio

7. The contest is open to U idents, except

employees and their families of The Paddington
Corporation, its affiliates, advertising and sales
promotion agencies, liquor wholesalers and

retailers, and professional gt € i

where prohibited. All federal. st

regulations apply. Taxes on prizes, if any, a

the responsibility of the individual winners.

8. Entrants must be of legaldrinking age in

the state of their residence as of September

1,1983. For a list of major winners, send a

stamped, self-addressed envelope to: J&B

Third Annual “It whispers” Photo Contest

‘Winners, PO. Box 3269, Syosset, NY 11775.

‘Winners list will be available as of March

15,1984.

I Official Entry Form

Mail your completed entry &
photograph to: JéB 3rd Annual
“It Whispers” Photo Contest,
PO. Box 3258, Syosset, NY 11775

Name
Address

City. State Zip_____
The initials on the label of a bottle of J&B Rare
Scotchstandfor: I

Void where prohibited. No purchase necessary. S
b e e e o ]

B6 Prool Blended Sootch Whiasks, © 1985 The Paddmgron Corp, NY
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A spreadsheet version of the two-dimensional Ising model of ferromagnetism
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tion. At a temperature of absolute zero
the antiferromagnetic phase seemed to
be the stablest configuration, but this
may reflect a deficiency or an error in
my implementation of the model.

Other physical systems can also be
conveniently dealt with on a rectilinear
lattice. One phenomenon that interests
me is percolation, which describes not
only the brewing of coffee but also the
structure of some polymers, the conduc-
tivity of alloys, the efficiency of tele-
phone networks and the propagation of
forest fires and infectious diseases. In
one simple percolation model the cells
of a lattice might represent possible sites
of copper atoms in an insulating matrix.
As a first approximation, the probability
that a site is occupied is proportional to
the bulk concentration of copper. The
quantity of interest is the probability of
forming an unbroken chain of copper
atoms across some domain of the lat-
tice; it is this probability that determines
the conductivity of the material.

A percolation model in a spreadsheet
again demands some form of random
function. The easiestapproach employs
a uniform cellular space, where all the
sites have the same probability of being
occupied, and they are all independent
of one another. The result is a random
array of filled and vacant cells. It is then
necessary to determine whether or not
there is a continuous path across the
space. A proper solution would be to
mount a systematic search of each po-
tential path, but it is not clear to me how
that can be done without resorting to
algorithmic methods. A cruder but still
helpful technique is to thin out the un-
derbrush by including in the formula for
each cell a function that eliminates any
atom with fewer than two neighbors.
Because any atom that forms part of a
chain must have at least two neighbors,
the chain is not affected by this proce-
dure, but many dead ends and isolated
clusters wither away with each recalcu-
lation of the spreadsheet.

Aspreadsheet program is surely not
the ideal medium in which to repre-
sent any of these mathematical or phys-
ical models. For serious work each of
them would have to be embodied in
its own special-purpose program. In the
case of the game of life I have compared
various spreadsheet versions with a pro-
gram (an algorithm!) written in the na-
tive language of a microprocessor. For
arrays of the same size the machine-lan-
guage program is almost 100 times fast-
er than the fastest spreadsheet. The rea-
son is not hard to find: even though a cell
can never have a value other thanOor 1,
the spreadsheet program calculates the
value to 15 decimal places.

If the spreadsheet cannot claim effi-
ciency, however, it has the compensat-
ing virtue of versatility. Writing a ma-
chine-language program for playing the
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Proof that a square knot is alternating

game of life is more than an evening’s
entertainment. Moreover, the program
can do nothing else, whereas the simple
matrix of linked cells in a spreadsheet
constitutes a problem-solving device of
impressive generality. There is much
more, beyond the ideas sketched above,
that is clearly within the capabilities of
the programs. It appears that any se-
ries of numbers in which the terms are
defined by algebraic or trigonometric
functions can be generated. A prime-
number sieve can be constructed out of
one short formula, repeated some hun-
dreds of times. A physical field can be
represented by allowing the address of
each cell to serve as its coordinates in
two-dimensional space. Asthe sales bro-
chure invariably says: “The only limit is
your own imagination.”

Isittrue? Can a matrix of interdepen-
dent formulas without an algorithmic
structure be made to compute anything
that is computable? Is the mechanism
not merely general but universal? In the
case of an infinite matrix the question
has been settled. Conway has proved
that the cellular world of the game of
life has sufficient resources for the con-

36

struction of a Turing machine, the con-
ceptual model of a universal computer.
Since an infinite spreadsheet could be
employed to play the game of life, it
could also be employed to create the
Turing machine.

Such a result is certainly worth know-
ing, but even if the requirement of infi-
nite area could be relaxed, the demon-
stration would be of no practical signifi-
cance. Life is too short, and the game of
life too long. There is a less formal ap-
proach to measuring the scope of the
spreadsheet programs that I find more
promising. It is the hit-or-miss method
of applying the programs to various
problems and exercises from the stock
of old favorites in computer science.
The interesting test cases are likely to be
the ones with a highly efficient algorith-
mic solution. One example is the Tower
of Hanoi puzzle, in which several rings
are stacked in order of decreasing size
on one of three pegs; the aim is to move
the rings one at a time, without ever al-
lowing a larger ring to rest on a smaller
one, until they are stacked in the same
order on another peg. The standard so-
lution employs a recursive algorithm,
one that states the final stage in the pro-
cedure explicitly and then calls on itself
to define the earlier stages.

Can the Tower of Hanoi be solved
by completely nonalgorithmic methods?
Can it be done with a spreadsheet? Ex-
hibiting such a solution would certainly
not be a proof that a spreadsheet can do
anything an algorithm can, but it would
considerably enlarge the spreadsheet’s
range of action. Note that there is a trivi-
al method of solution that must be de-
clared out of bounds. One can solve the
problem by hand, noting the configu-
ration of the disks at each stage, and
then write a series of formulas specify-
ing the transitions from one configu-
ration to the next. It is characteristic
of such forced methods that with any
slight change in the initial conditions,
such as the addition of another disk, one
must essentially start over. A robust so-

Solution to the ring-and-granny-knot puzzle
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lution would be able to handle any size
stack without change or perhaps with a
change only in the dimensions of an ar-
ray. Note also that at least one spread-
sheet program, Lotus 1-2-3, includes a
simple algorithmic language; clearly all
recourse to this facility must also be
ruled out.

Another interesting case is the eight-
queens problem, where the task is to
place eight queens on a standard chess-
board so that no queen is attacked by
any other. Here the format of the prob-
lem—the finite array of squares—is tan-
talizing. There is certainly no difficulty
representing a chessboard with a spread-
sheet program. It is also easy to write a
formula that reports whether a cell is
currently attacked by a queen elsewhere
on the board. (The formula merely
checks for a nonzero value along all col-
umns, rows and diagonals for a distance
of eight cells.) If this were all one needed
to solve the problem, however, it would
not have attracted the attention of Carl
Friedrich Gauss, who investigated it in
1850 but did not solve it. It seems each
cell needs information not only on the
current configuration of the board but
also on the record of configurations that
have already been tried. The difficulty of
supplying this information in a static
representation of the problem suggests
that algorithms have a secure future.

he two knot problems posed last
month by Martin Gardner are an-
swered as follows:

The top illustration on this page shows
how a square knot can be changed to an
alternating knot of six crossings. Sim-
ply flip dotted arc a over to make arc b.

The illustration below shows one way
to solve the ring-and-granny-knot puz-
zle. First make the lower knot small,
then slide it (carrying the ring with it) up
and through the higher knot (a). Open it.
Two trefoil knots are now side by side
(b). Make the ringless knot small, then
slide it through and down the other knot.
Open it up and you have finished (c).
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econommy" car. It can also be considereda ™
practical and durable car. And, by its technical specificds,
tions alone, Fiero can be legitimately called a sporfs car. The
beauty of Fiero is that it's all of these cars. Best of all, Fiefa is one of
Pontiac’s best examples of what driving is all about: pure unabridged fun!
Fiero is America’s first fwo-seaf, mid-engined production car. Fiero features fully-
independent suspension, rack and pinion steering and power four-wheel disc brakes, ail
standard. Fiero is powered by a responsive 2.5 liter 4-cylinder engine with electronic fuel injection.
Fiero is designed to cope with the realities of driving in the real world: Its Enduraflex™ panels will never rust;
the front fenders “give” on minor impacts, all panels are “ding” resistant, and Fiero’s clearcoat paint wears a gloss that
rivals the world’s most pampered show cars.
Hero! Not only a proud new Americancar unlike anything else in the world, but a dazzling display of Pontiac innovation in action!

“Honlion Feo Spon Coupe wilh available automatic transmission offers an EPA EST MPG of é? anct a highway estimate of 40, Use estimated MPG for comparisons. m

WO s aoe may aiffer depending on speed. distance, weather Actual highway mileage iGwet Some Pontiacs  re equipped with engines produced by other GM
divisions, subsiciciries. or cﬂ!l-mad companias worddwide Saée your Pontiac dealer for details.

~ PONTIACY/WE BUILD EXCITEMENT

© 1983 SCIENTIFIC AMERICAN, INC



'PARTNERS IN QUALITY

etroit is a mechanism for the

manufacture of automobiles. In
the early Seventies the mechanism
worked smoothly in an environment of
low energy costs, modest government
regulation and relatively low labor
costs. It made products which Ameri-
can car buyers believed of great value—
greater than anything produced by a
mechanism operating from abroad.

Then the environment changed, and
the mechanism ran rough. Suddenly
OPEC upped the cost of crude oil by
what would become a factor of five.
The United Auto Workers obtained
greater wage-benefit increases just as
sales and profits peaked. The Federal
government added minimum Corpo-
rate Average Fuel Economy regula-
tions to its safety and pollution-control
standards. And Japan, Inc. introduced
a line of low-cost, high mileage autos,
products of a “mechanism” that had
been revolutionizing itself even as De-
troit’s mechanism was showing signs
of strain.

But Detroit—the auto manufactur-
ers, suppliers, workers, and support in-
frastructure in finance, insurance,
state government—is a rugged and re-
sourceful super-industry, willing and
able to do what it saw must be done.
Detroit was determined to become
America’s leading advanced-technolo-
gy industry. The new environment re-
quired it: cars had to be made to emis-
sion-control, safety, and fuel-efficiency
standards largely set by outsiders.
These changes would, in effect, “re-
tool” the nation.

Detroit’s network of suppliers, and
suppliers-to-suppliers, reaches through-
out the continent, with assembly
plants in Kentucky and California,
glass, rubber, and steel makers in
Pennsylvania and New Hampshire,
chemical resources in Connecticut and
Delaware, all developing, manufactur-
ing, transporting and installing some
portion of a vehicle. New ideas from
Michigan would, and must, require re-
industrialization in hundreds of cities.
The automakers planned and decided.
The turnaround began almost at once.

IN SEARCH OF QUALITY

The original Detroit mechanism was
based on the assembly-line: many cars
were made at a minimum cost-per-car.
Quality was external—not absent, but
not integral to the mechanism. Thus,
in the late Seventies the mechanism
began producing vehicles similar to
Japanese models, and at similar cost,
but of inferior quality. Every calcula-
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tion showed that increasing quality to
acceptable levels would increase costs
to unacceptable levels. The mechanism
wasn’t working, and no one was repair-
ing it.

Then, in 1980, an NBC-TV documen-
tary entitled “If Japan Can ... Why
Can’t We?” was seen by William Hog-
lund, general manager of GM’s Ponti-
ac Motor Division, and some of his key
associates. The program, and the pro-
cesses it suggested, had substantial im-
pact at Ford and Chrysler as well as
GM. It displayed nothing which hadn’t
already been put forward regarding in-
tegration of productivity and quality.
But its timing, and its audience, were
just right.

Ironically, the Japanese mechanism
was working well due to the work of an
American, Dr. W. Edwards Deming,
who had established a reputation in
this country for his work in statistical
sampling. He had been asked by a Jap-
anese science group to address them on
the subject of application of his meth-
ods to certain Japanese quality-control
problems. According to Deming,
achieving higher quality would im-
prove productivity by reducing rework
and defect-replacement. The Japanese
adopted several Deming concepts, and
Deming came very much to the notice
of management in Detroit. Deming
was hired as a consultant to Pontiac, to
Ford, and to other industry producers
and suppliers. As Pontiac general
manager Hoglund said in Fortune,
“His message shook the foundations of
our approach to quality.” John Manu-
gian, executive director of product as-
surance at Ford/North America, met
with Deming often, and Ford’s produc-
tion lines reflect many of the Deming
methods.

THE DEMING METHOD:
QUALITY TECHNOLOGY

At Pontiac, Deming detailed his 14-
point special program for the virtual
reconstruction of American car manu-
facture:

1) Create constancy of purpose to-
ward improvement of product and ser-
vice, with a plan to become competi-
tive and to stay in business. Decide
whom top management is responsible
to.

2) Adopt the new philosophy. We
can no longer live with commonly ac-
cepted levels of delays, mistakes, defec-
tive materials and workmanship.

3) Require statistical evidence that
quality is built-in. Eliminate need for
mass inspection.
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4) End the practice of awarding
business solely on the basis of price.
Eliminate suppliers that cannot quali-
fy with statistical evidence.

5) Find problems. Management
must work continually on the system
(design, incoming materials, machin-
ery).

6) Institute
training.

7) Institute modern worker super-
vision. The responsibility of foremen
must be quality. Improvement of quali-
ty will automatically improve produc-
tivity. Management must act on re-
ports from foremen concerning
barriers such as inherited defects or
machinery not maintained.

8) Drive out fear, so that all may
work effectively.

9) Break down barriers between
departments. People in research, de-
sign, sales and production must work
as a team.

10) Eliminate numerical goals and
slogans for the work force, which de-
mand new levels of productivity with-
out providing new methods.

11) Eliminate numerical quotas.

12) Remove barriers between the
hourly worker and his pride of work-
manship.

13) Institute education and retrain-
ing.

14) Create a top management struc-
ture which will push every day on the
first thirteen points.

For many in Detroit, the thought of
implementing the Deming principles
came as a shock. They were too much
against the grain of “business as usu-
al.” Said Clayton Williams, manufac-
turing superintendent at Pontiac’s En-
gine Plant No. 18, “At first, I didn’t
know what to think because the things
he was saying like, ‘Don’t accept any
defects,” were so radical compared with
the way we had been running the
plant. We lived with defects every day.
To me it was something we couldn’t do.
But after being to seminars and ses-
sions where he would speak, after the
third or fourth time it occurred to me
that what he was saying was attain-
able and could be done.

“I really believe and support those
14 points 100 percent. They work.”

Several of Deming’s points concern
implementation of Statistical Process
Controls (SPC). These work as follows:
at each “process” of production, sam-
ples are measured for variation within
each batch of parts, and then each
batch is measured against design speci-
fications. If samples are within pre-
defined tolerances, production contin-
ues. If not, the production line stops,
and the cause is determined.

Utilizing SPC to define acceptable

modern  on-the-job



DETROIT AND ITS AMERICAN SUPPLIERS

quality at each individual process in
the production path allows any prob-
lem to be rectified quickly. Ideally, it
does so all the way through the suppli-
er chain, because if SPC is to work, it
must monitor the course from raw ma-
terial to the finished part.

In the plant itself, SPC has yielded
good results. Pontiac manufacturing
superintendent Williams cited an ex-
ample of a worker charged with boring
holes in engine camshaft gears. Im-
proper work—and tolerance here is
just a few thousandths of a centime-
ter—means the gear will be loose on
the camshaft; the engine will be de-
stroyed in use.

Before the implementation of statis-
tical process controls, explains Wil-
liams, “the employee would come to
work, turn on his machine and check
one part. If it was within spec, he’d
turn the machine on and let it run for,
say, two or three hours. If the part
wasn’t within print specification, he’d
make an adjustment to the machine
and run one more part. If that was
okay he’d let the machine run for the
rest of his shift.”

Under SPC, the same worker would
check three camshaft gears per hour,
instead of one per shift. And if any one
of those gears was outside tolerance
levels, he was required to adjust the
machine and check three more until
the machine would properly produce
three.

“SPC showed the employee that he
would unknowingly have been making
bad parts,” says Williams, “because
the first part was good, but the second
and third were off spec. The three-
piece check gives us a confidence level
of, say, 95 to 99 percent that all parts
measured within that hour are good.”

In its first full year of implementa-
tion, SPC reduced the number of en-
gines found defective due to cam-gear
problems from 38 to six. Through the
first half of the 1983 model year the
number of failures was zero. Pontiac
was succeeding: process by process,
part by part, high quality was becom-
ing not a goal but a reality.

The evidence mounted. Material
Complaint Notices (MCNs)—com-
plaints by Pontiac inspectors against
suppliers shipping defective parts—
showed an overall 15.8% defect rate
for the 1982 model year. Through the
first half of the ’83 year, the identified
rate was just 1.6%. Meanwhile, as de-
fects dwindled, productivity skyrocket-
ed—just as Deming had predicted.
Says Pontiac’s Williams, “Total pro-
ductivity improvement averaged 25.6
percent in the 1982 model year. We
expect another thirteen percent this
year and another seven percent in

1984. If you add it, you're talking
about a fifty percent improvement
within a span of two to three years.” A
Ford Motor Company spokesman docu-
mented similar defect-rate improve-
ment.

PARTNERSHIP
FOR QUALITY

Improvements are attributable to
more than SPC alone. Pontiac has im-
plemented a series of new practices
based on Deming’s ideas, several
aimed at improving the supplier/man-
ufacturer relationship. Pontiac and
other manufacturers have worked to
create what Pontiac calls “an up-front
partnership” with all of its key suppli-
ers, based on a spirit of teamwork and
cooperation.

Early sourcing, or “pre-sourcing”, is
one new practice. “Early sourcing”
means a supplier is selected before a
part has been committed to anything
but a preliminary sketch, usually
based on a computer-assisted design.
High quality, not cost, is the primary
criterion. Inputs from all affected staff
areas help buyers make informed deci-
sions. Early sourcing also allows the
suppliers’ R&D people to become in-
volved in the design of a part to ensure
that it is compatible with manufactur-
ing processes.

Sourcing families of parts improves
quality and streamlines contacts with
suppliers. For example, headlamp
doors and hood for Pontiac’s new 2-
seat mid-engine sports car were
sourced with a single supplier because
the “fit” of these parts is critical. It
was thought that a single supplier
could better control a group of close-
fitting body panels for Fiero than a
number of suppliers working indepen-
dently. For the same reason, several
body panels and covers, fenders, and
doors were sourced together.

Single sourcing is just what it im-
plies: selection of a single source to
supply total production of a part. His-
torically, manufacturers selected sev-
eral sources to keep costs low through
competition, and through fear of over-
dependence on one company. Deming
allayed the latter concern with an
analogy: two symphony orchestras
play the same piece of music with
equal fidelity to the notes on the page,
but the performances differ because
sheet music dictates only so much. Nei-
ther orchestra plays the music incor-
rectly, but results will be different all
the same. An engineering “blueprint”
is an automotive supplier’s sheet mu-
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sic: give two suppliers identical blue-
prints and chances are that without
either supplier deviating from specifi-
cations, the parts will be subtly differ-
ent. As Pontiac director of materials
management Donald Pais explained,
“Once you develop a source who can
meet your quality expectations, what
would be the driving reason to go to a
second source and duplicate the same
effort on the same part?”

At the outset of the Fiero program,
top Pontiac management met with top
management from key suppliers under
an early contact procedure. This let
suppliers know in advance what would
be expected of them. In these early
meetings, Pontiac managers stressed
the importance of quality in the fin-
ished car and its individual parts, and
presented an overview of engineering
design, manufacturing processes and
expectations for service, quality, and
delivery.

Pontiac then implemented “one-on-
one” meetings between suppliers and
buyers, including design and reliabil-
ity engineers. Discussions of such con-
cerns as identification of critical toler-
ances were aided by the greater
specificity of the Deming methods. If
close tolerances were unnecessary, ev-
ery job became easier. Fred Seng, Pon-
tiac’s manager of supplier quality ac-
tivities on the Fiero project, observed,
“We found out—it amazed us—that we
were actually asking our suppliers to
make parts to certain tolerances that
really weren’t required. A hood that is,
say, a mil and three-quarters wider
than what the engineer originally de-
signed really does make a good-looking
car. We really don’t have to sort that
out, inspect for it and throw it away.
The drawing says it’s not quality be-
cause it’s oversize, but the car says it’s
a quality part, and that’s really the
Bible. The car and its function and its
looks really has to be the Bible.” To
date, nearly 100 ‘“‘one-on-one” meet-
ings have occurred.

A third stage of Pontiac’s effort to
improve the supplier-manufacturer
partnership included the Fiero Suppli-
er Seminar held in November 1982.
250 suppliers heard management and
union officials stress quality and team-
work. At the Seminar, Fiero suppliers
saw how their respective parts were
assembled on a finished model. And in
a developing fourth stage of its “part-
nership” program, Pontiac seeks to es-
tablish daily contact among purchas-
ing agent, assembly plant, and
supplier, including regular meetings
and tours of facilities.

Comments materials management
director Pais, “Typically the process
had been to have a single part come in
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from a supplier. It was laid out, given
dimensional checks—and approval.

“We’ve changed, in that the product
development team stays right with the
source on a given part number, right
through every design change. It’s a dif-
ferent type of approval process, a very
significant departure from the way we
did business.”

The new partnership between De-
troit and its suppliers is wide-ranging.
At Ford, for example, classes are regu-
larly held for suppliers having difficul-
ty with statistical process controls.
“We try to bring them back up to
speed,” says Jim Olson, a manager in
Ford’s Detroit region. “We’re reluctant
to drop a supplier that falls below the
mark until we’ve had a chance to work
with him.”

Elio P. Lori is plant operations man-
ager for Ford’s Engine Division. He
cites a personal example: “Best ef-
forts—trying hard—doesn’t do it. We
had to drop one supplier for consistent
poor quality. He then installed SPC
and convinced us he had relearned his
company’s process better than he ever
knew it before, and we took him back.”

Cost-savings have come about
through adoption of Japanese “kan-
ban” or just in time (JIT) inventory
controls. This process streamlines pro-
duction by reducing inventories from
boxcar quantities to minimum quanti-
ties necessary to maintain assembly
schedules. Donald Abelson, Pontiac’s
general superintendent-manufactur-
ing engineering, describes the effect of
JIT: “We took several major commod-
ities—engines and sheet metal parts
from our plants—and we have them
delivered on a daily basis. Some suppli-
ers like Lear Siegler (maker of Fiero
seats) will be delivering three times a
day. JIT translates into less ‘bank’
here at the plant, less inventory, which
also says that you’re going to turn over
materials faster.”

Traditionally, a supplier would man-
ufacture and ship several months’
worth of parts in advance. If a running
change were made to the design of a
part (as is common), the revised part
could not be incorporated until after
the existing supply of now-obsolete
parts was exhausted. Today, daily
shipments by suppliers means that a
design change made on Tuesday might
be in the car by the weekend.

COST OF QUALITY

Those at Pontiac involved with pric-
ing have confidence that SPC and oth-
er Deming principles are working as
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planned. As Pontiac’s Seng explains,
“What you’ve really got to understand
is that the cost of quality really is the
expense of doing things wrong. If you
consider all facets of part/supplier/
product development under this team
approach, you’re going to save money
because you’re going to avoid making
mistakes—and the mistakes are where
your money goes.”

Tom Charlton is primary purchasing
agent for the Fiero program. About
seventy percent of Fiero parts (on a
cost basis) are being pre- and single-
sourced, and it’s Charlton’s job to work
with suppliers to achieve acceptable
cost levels without undermining quali-
ty goals. Has his job become more diffi-
cult?

“Much more so,” Charlton states.
“In all areas. Because you’re spending
more time negotiating with suppliers
over price and engineering changes.
But we still feel it’s the right way to do
things. We’ve got to get away from
price-buying, where you’re always buy-
ing from the low bidder, because
you’re not necessarily getting your
best value.”

The actual cost per part, from the
supplier to the manufacturer, may be
higher under the new program than it
would have been under older, cost-
based methods. But such costs are off-
set by the superior quality of parts
coming in and lower defect and scrap
rates, not to mention Deming’s all-im-
portant “less rework.” Pontiac staff re-
liability engineer Donald Delaney pre-
dicts that after six months of
operation, just the reduction in scrap
rates may actually prompt cost de-
creases.

THE SUPPLY SIDE

Like a few other suppliers, U.S. Steel
has been applying statistical process
controls to its manufacturing opera-
tions for a few years. Bill Hughes, gen-
eral manager of sheet products for the
nation’s largest steelmaker, says
“We’ve definitely seen a change, a new
openness between ourselves and De-
troit. We are now given access to infor-
mation that the auto companies con-
sidered much too confidential to
release just a few years ago.

“That openness has allowed our own
statistical process controls system,
which was instituted in a very long,
painstaking operation, to bring results.
We’re now enjoying some of the fruits
of our investment.”

Hughes points out that elements of
the Deming method must be applied
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with care. “JIT is an example,” he
says. “If all it does is switch large
quantities of material from a Detroit
plant to a supplier warehouse, noth-
ing’s gained and the consumer pays.
But an efficient flow of materials, ac-
complished through accurate forecast-
ing and accurate scheduling, reduces
costs. And that’s when everybody truly
wins.”

Libbey-Owens-Ford is sole supplier
of laminated and tempered glass for
Fiero and is a major glass supplier for
all of GM. Tom Walbridge, vice presi-
dent of automotive OEM (original
equipment manufacture), describes the
L-O-F relationship: “On Fiero, we
worked long in advance to help design
the glass parts. In any car design
you've got to work as much as four
years ahead with the manufacturer’s
engineering staff, to ensure high opti-
cal quality.

“Statistical process controls aren’t
new,” Walbridge adds. “We’ve all been
using them more or less for a number
of years. But SPC is being used more
by this company, on this car, than it
ever has been before.”

For the future, Walbridge says,
“We're getting into closer working re-
lationships aimed at minimizing in-
ventory on our customer’s floor, and
even more formalized programs of ap-
plied statistical process controls.”

Dana Corporation utilizes an innova-
tive approach to inventory-handling
management. Don Decker, public rela-
tions director, explains: “We’ve built a
network of small “satellite” assembly
centers, all near vehicle manufactur-
ing facilities. This is Dana’s version of
kanban ... we’re able to supply cus-
tomer plants within 24 hours.” Dana’s
own suppliers have begun using docu-
mentation of statistical process con-
trols in lieu of inspections of incoming
parts, and Dana provides such data to
its customers—Caterpillar Tractor, for
one—making receiving inspections un-
necessary. Dana’s people take pride in
the recognition they’ve earned (includ-
ing Ford’s “Q1” supplier-quality
award) as a result of their work.

“I like to think we were quality-con-
scious long before it became the thing
to be,” concludes Decker. “But we’ve
put even more emphasis on it in the
last couple of years.”

Firestone’s Tom Reese, vice presi-
dent in charge of original equipment
sales, says the firm is using statistical
process controls in cooperation with
auto manufacturers every day. Fire-
stone is principal supplier of Fiero all-
season radial tires, which it will deliv-
er on a kanban schedule. “We're on
the leading edge as far as just-in-time
delivery goes,” Reese notes, adding



Mobay technology
auto'mated for the ’80s

Interior Exterior
Header panels Fabric fibers Headlamp retainers Chip-resistant coatings
Door panels Dyes and pigments Light lenses/reflectors Front/rear fascias
Seat buckle covers Carpet backing Fender extensions Spoilers, flares
Visors Arm rests . Glazing parts Door striker sleeves
Mirror parts Headliners Grille panels Filler panels
Instrument panels Insulation Bumpers Cast wheels
Electrical parts Crash pads Body trim Windshield adhesive
Seating Head rests Weather stripping Hoods
Fenders Energy management systems
Trunk lids

Engine compartment

Drive belts, hoses
Carburetor linkage

Fuel pump diaphragms

Oil sump gaskets

Battery boxes (truck)
Seals, dust caps

Cable insulation
Transmission seals/gaskets
Engine mounts
Cable guides
Air filters

Chassis

Suspension systems U-joint seals
Energy absorbers Brake hoses
Tires Bellows

Shock absorber parts Pedal pads

These are typical application areas for materials and Technical Partner
technology from Mobay divisions* to American Industry

A new kind of auto is evolving in Detroit's design centers,
and Mobay is in the midst of its development. Mobay products
contribute to the lighter weight, improved fuel efficiency,
easier riding characteristics, better handling and comfort
that are the hallmarks of today’s automobiles. If you'd like to
know more about the technology that has helped to make
these improvements possible, please get in touch with G. W.
Haines; Bill coordinates Mobay’s activities in the automotive

field. Phone 412-777-2407, or write. Mobay Chemical Corporation
*Some of the above applications are based on research developments by our parent company in Germany. PittSbUfg h, PA 1 5205
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Rockwrell International know-how:
It goes into components used by
every major car and truck manufacturer.

Its in everything we do.

Every major U.S. manufacturer of passenger cars ~ passenger cars.
and trucks relies on the technically advanced, cost- Only a company with the know-how to combine
effective components of Rockwell International — technology with outstanding engineering and
everything from axles, brakes and drivelines for management skills can successfully meet the unprece-
heavy-duty trucks to coil springs and sunroofs for dented challenges of the increasingly competitive
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world automotive market. That know-how goes into
our automotive business and into everything we do
at Rockwell.

In aerospace: where we are building the
NAVSTAR satellites and are helping develop
precision navigation receivers for the Department of
Defense’s Global Positioning System.

In electronics: where we are a major supplier of
digital and analog microwave systems to the tele-
communications industry. In our semi-conductor
business, we are the world’s largest supplier of
high-speed integral modems that transmit digital
information over telephone lines.

In general industries: where we’re using elec-

tronics and computer-based controls to improve the
performance of basic industrial machinery such as
drill presses, air-tools and sewing machines to ensure
high quality and improved productivity for the wood-
working, automotive assembly and apparel industries.
We’re a $7.4 billion company where science
gets down to business in four diverse areas. And that
diversity has helped us achieve seven consecutive
years of record earnings and impressive growth.
If you are interested in any of the products
of Rockwell International or want to learn
more about us, write: Rockwell International,
Department 8155-28, 600 Grant Street,
Pittsburgh, Pennsylvania 15219.

S o L

Rockwell International

...where science gets down to business

Aerospace/Electronics
Automotive/General Industries
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BIRTH OF A FIERO

When Pontiac product planners
went before General Motors corporate
decision-makers in the fall of 1978,
they had an idea and a market in
mind. Market research showed that,
by 1990, a third of the nation would be
between 25 and 44 years of age. It was
thought to create a small, highly fuel-
efficient, highly styled two-seat “com-
muter” car just for them. (The Detroit
system requires corporate approval of
a new car project undertaken by an
individual automotive division.)

Such a car, the original proposal
stated, should appeal to two key
groups: single young professionals in
search of economical but “sporty”
transportation, and smaller families
seeking a thrifty, “sporty” comple-

" ment to the traditional family sedan or
wagon. Moreover, the car might be
built by using some derivatives of ex-
isting components, thus saving mil-
lions in tooling and development costs.
Reealls Hulki Aldikacti, father of
Fiero (and now working on a similar
project at Chevrolet), *. . . the Corpora-
tion didn’t say ‘No.” They listened to
us, and said “‘Why don’t you go ahead
and start designing one.””

To the design staff this was a rare
opportunity: they’d be drawing on a
clean sheet of paper. There was no pre-
existing corporate definition of “two-
seat sporty economical car.” Existing
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components would, and should, be ap-
plied in certain areas. Overall, though,
the designers felt they had a license to
create.

An early design choice for the new
product was the “space-frame chassis.”
The chassis is any automobile’s sup-
port structure, to which all else is at-
tached. “Space-frame” refers to a fully
integrated structure, akin to that of a
model airplane with its network of tri-
angulated struts and tubing, over
which a lightweight skin is draped.
Fiero’s current manager of engineer-
ing Ron Rogers elaborates: “The space-
frame is not new to automobiles, since
most if not all NASCAR Grand Nation-
al stock racing cars are built with
them. But the space-frame is new from
a production point of view.”

On the Fiero assembly line, every
completed space-frame is placed in a
huge robot which machines simulta-
neously every point where body-parts
will be mounted. This process has two
specific benefits. First, the robot’s
“milling and drilling” allows almost no
variance from car to car, and complet-
ed frames are well within specifica-
tions and very high in production qual-
ity. Second, the robot-machining takes
place after all welding procedures are
complete; this allows the space-frame
to retain its integrity and quality. Says
Fiero assistant project manager Tom
Kalush, “Formerly in car-body build-
ing you would assemble stampings,
weld two of them together into subas-
semblies, and then weld the subas-
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semblies together to produce the
whole. Variations were not unusual.
Machining a space-frame has never
been done before, and that really
breaks through a barrier in body-build-
ing.” Adds Rogers, “The old way we
had tolerances of plus-or-minus four
mils (a mil is one-thousandth of an
inch). Now we’re machining to plus-or-
minus one-half mil. That’s the magni-
tude of improvement.”

After completion the space-frame is
automatically dipped into a bath of
corrosion-resistant primer paint. Al-
most half the steel used in Fiero’s
space-frame is galvanized to retard
rust. The added protection provided by
the primer-bath, particularly since the
frame will receive no further drilling
or piercing, should result in a long-
lasting, easily maintained automobile.

The initial idea of the Pontiac prod-
uct planners, in 1978, has become an
exciting, high-quality, high-technology
product in 1983. Says Donald Abelson,
Pontiac Motor Division general super-
intendent, “When the completed
space-frame comes off the overhead
conveyor belt on the assembly line, it
has no exterior panels or glass or inte-
rior trim—but they can start that car
and run it.” At the end of May, Fiero
was presented at the most heavily-at-
tended meeting of the Society of Auto-
motive Engineers in that organiza-
tion’s history. By the end of July,
orders for 25,000 Fieros had been re-
ceived from dealers—fully one-quarter
of planned first-year production.
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that Firestone has maintained a 24-
hour-a-day delivery schedule for two
years at one Ford assembly plant in
Kentucky.

Reese says the “up-front relation-
ship” between Firestone and Detroit
has had many significant benefits, one
being an early decision to minimize
tire sizes and types, allowing Firestone
longer manufacturing runs, fewer
changeovers and less down-time be-
tween runs. “The relationship is excel-
lent, because it really does work both
ways.”

Fiero’s is not the first non-metal
body designed and produced in an
American automobile, as anyone
knows who recalls the 1953 Chevy Cor-
vette. But most high-volume applica-
tions in Detroit tend to follow from
earlier, more specialized applications.
Now the Corvette may again be a pre-
cursor of a major production innova-
tion: its 1984-model suspension and
drive train, and many other parts, are
engineered largely from aluminum
and magnesium. The automobile is 200
pounds lighter, and thus more fuel-effi-
cient, than its 1982 counterpart.

The Corvette represents manufac-
turer/supplier partnerships typical of
the “new Detroit.” After four years of
R&D by Alcoa under Chevrolet’s direc-
tion, strong, lightweight aluminum
parts are fabricated by Martin Mariet-
ta, Dana, and several smaller corpora-
tions in Michigan, Ohio, Ontario. Sup-
plier interest and cooperation thus
merged with intensive new high-tech-
nology computer modeling and testing
systems to allow a new process to be-
gin. High performance and high quali-
ty have been attained with increased
fuel-efficiency for the American con-
sumer in the bargain.

The State of Michigan has been a
major partner to the technological re-
surgence of Detroit’s auto industry;
the State, and its people, have benefit-
ed directly from Deming technology.
Richard Cole, deputy director of mar-
keting and public affairs at Michigan
Department of Commerce, explains:
“David Verway, the renowned automo-
tive economist at Wayne State Univer-
sity here, predicts that just-in-time
(JIT) inventory controls will increase
supplier-related economic develop-
ment activity throughout the State.
Plus, by making training programs
available and guaranteeing the excel-
lent skilled work force which exists in
Michigan, we were able to attract a
major robotics equipment manufactur-
er to Sterling Heights, one which oth-
erwise would have located elsewhere,
perhaps overseas.” Michigan has been
particularly innovative in involving
the State’s educational system in the

process of strengthening its economic
base.

Martin D. Walker is executive vice
president of Rockwell International
Corporation, which adopted the Dem-
ing methods some time ago. “We use
the term ‘operator process controls’ in-
stead of ‘statistical process controls,””
says Walker. “It may seem a small dis-
tinction, but in the final analysis the
operator is the quality man, the guy
who makes it go.

‘The Deming methods surprised us.
When we put them in, we quickly
learned that our machines and pro-
cesses were better than we thought
they were. The more we taught our
operators, the less we found ourselves
adjusting our machines. We've tried to
tell our own suppliers of the benefits of
operator process controls. We tell them
it doesn’t cost — it pays.

“Operator process controls are im-
portant no matter what business
you're in,” Walker states. “We here at
Rockwell, and the auto industry in
general, believe in these methods. And
you'll find that the automotive indus-
try will soon be leading this country in
terms of high-quality products.”

Dave Denny is vice president/gener-
al manager of the EMS (transporta-
tion) Division of Premix, Inc., makers
of Fiero’s Enduraflex™ roof panel.
Since their selection as a sole source,
Premix engineers have worked closely
with counterparts at Pontiac and Fish-
er Body Division to perfect the roof
panel design. It is a process that Denny
says has gone smoothly. “We’ve always
wanted to have supplier input. I think
it’s terrific. ’'m not sure I make any
more money, but I prefer it. I like to
know where I stand. I like to know my
R&D dollars mean something.”

Under the old system, Denny felt
that sometimes quality suppliers were
victimized by the low-bid process be-
cause they would spend money on re-
search and design in order to build a
quality part, then get undercut by a
rival that spent less on quality. Denny
also appreciates contracts for longer
than the customary one-year term.
“It’s nice to know that, if I hold up my
end, I’ll still have the job several years
down the road instead of having to bid
on a year-to-year basis. It allows me to
spend money and do the job right. I see
a general trend in Detroit,” Denny
adds “I see a lot of emphasis on quali-
ty. And I believe it’s real.”

Jones & Laughlin Steel Corporation,
a subsidiary of The LTV Corporation,
manufactures many of the pieces that
go into Fiero’s all-steel space-frame. As
at Premix, J&L engineers spent time
with Pontiac engineers in materials
development. Rich Cover, J&L’s man-
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The history of automotive tech-
nology as reflected in the pages of
SCIENTIFIC AMERICAN:

A Gas-Propelled Carriage/Jan 1889

The Mass Production of Motorcars/
Jan 1911

Balloon Tires And What They
Mean/Jan 1924

The Fuel Problem/Dec 1949

High Compression/Feb 1950

The Electric Automobile/Oct 1966

Origin of the Automobile Engine/
Mar 1967

Rotary Engines/Feb 1969

Rudolf Diesel and his Rational En-
gine/Aug 1969

The Great Automobile Race of
1895/May 1972

The Wankel Engine/Aug 1972

The Stirling Engine/Aug 1973

The Fuel Consumption of Automo-
biles/Jan 1975

The History of the Airflow Car/Aug
77

Alternative Automobile Engines/
Jul 78

Reprints/copies may be purchased.
Send check for $5/each to:
Manager—Industrial Sections
SCIENTIFIC AMERICAN

415 Madison Avenue

New York, N.Y. 10017
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The science of quality

in steelmaking.

U.S. Steel initiated its breakthrough
Quality Management Program (QMP)
in 1979 to assure optimum quality
products for quality-conscious
customers. QMP has already made a
dramatic difference —with much more to
come on a continuing basis.

At U.S. Steel, we recognized
years ago that higher and con-
sistent quality was literally a
matter of survival —for our-
selves and for our customers as
well. It was this recognition that
prompted us to establish our
pioneering Quality Manage-
ment Program.

Managing for quality.

This long-range commitment to
make quality U.S. Steel’s num-
ber one priority started at the
very top level of corporate man-
agement and spread to include
all levels. This continuing under-
taking assures that production
decisions of management are
made primarily on the basis of
quality, rather than tonnage.
This is what we, at U.S. Steel,
mean by “managing for quality.”
The logic is that “it pays to
make it right the first time.”

Technology for quality.

In order to assure that deci-
sions for quality are sound work-
able business decisions, we
began to educate our operating
management in the new and
exciting technologies for analyz-
ing and controlling process
variables —the “nuts and bolts”
of the science of quality.

We are convinced that man-
aging for quality and the tech-
nology for quality are necessary.
Each is essential, but neither is
sufficient in itself.

The technology for quality,
as we see it, consists of seven
key parts:

1. Develop in-process and fin-
ished product standards.

2. Identify critical major and
minor process variables.

3. Control process variables to
achieve desired levels of prod-
uct conformance with reduced
variability.

4. Develop systems to measure

and report conformance to prod-

uct standards.

5. Implement systems to mea-
sure and control processes to
assure leadership quality.

6. Implement corrective
actions.

7. Analyze performance and
progress using cost of quality,
product conformance and
customer acceptance criteria as
feedback.

Points 4 and 5 constitute
the heart of the technology:
statistical process control. But
we believe that alone, they are
not enough.
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For example, producing
quality products for the automo-
tive industry requires advanced
input in science and engineer-
ing. However, knowing what
needs to be done and knowing
how to do it are not sufficient.
Consistent production of
quality products requires an
organized and continuing
Quality Management Program
approach. And ours is recog-
nized by American industry as
the most thorough and most
successful in steelmaking.

QMP: how does it work?

Quality Management operates
through working and steering
teams. At USS Gary Works
alone, we have 65 QM P work-
ing teams and eight division
steering teams who select the
working team personnel and
priorities.

A typical working team con-
sists of people from depart-
ments such as customer tech-
nical service, operating and
maintenance, quality assurance,
metallurgy, research, technical
implementation, and, often,
quality management consul-
tants from outside U.S. Steel.
Sometimes, the teams might
also include marketing, account-
ing and industrial engineering
personnel.



These multidisciplinary
teams at Gary have played a
major role in improving the sur-
face quality and formability of
steel sheet produced for the
automotive industry. We have
identified a number of critical
product attributes which affect
sheet steel performance.
Included are chemical composi-
tion, surface texture and appear-
ance and forming response.
Here are but two examples of
how our QMP at Gary has
worked for our automotive
customers.

Sliver imperfections
decreased significantly.

Slivers are randomly occurring
surface ruptures, discolored
lines or streaks which are unac-
ceptable on automotive body
panels. During the fourth quar-
ter of 1981, 5.4 percent of the
sheet produced for exposed
automotive applications con-
tained sliver imperfections. A
QMP working team was formed
to attack this problem.

The team statistically ana-
lyzed steelmaking and continu-
ous casting variables for possible
correlation with sliver occur-
rence. In addition, our research
laboratory personnel used scan-
ning electron microscopy to
examine a large number of sam-
ples so the sources of slivers
could be identified. This work
resulted in widespread process
changes starting with the blast
furnace and extending to steel-
making and continuous casting,
hot rolling and cold finishing.
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Reducing nitrogen absorption
by two-thirds.

Early in 1982, a similar QMP
working team was established
to improve the formability of
the automotive sheet produced
at Gary Works. One of the
goals was to reduce the amount
of nitrogen absorption which
occurs during annealing.

Cold rolled steel is annealed
at elevated temperatures to de-
velop the required level of ductil-
ity by recrystallizing the steel
in a controlled manner. During
annealing, nitrogen, which is
a component of the protective
atmosphere used to prevent
oxidation, is absorbed by the
steel sheet. Some nitrogen
pickup can be tolerated, but at
sufficiently high levels of
absorption, free nitrogen will
diffuse through the steel micro-

. structure—leading to strain

aging, which can adversely af-
fect the formability of the steel
sheet and the surface appear-
ance of the formed part.

A significant challenge re-
lated to the task of the working
team was to develop annealing
practices which would reduce
nitrogen absorption and still
produce the desired recrystal-
lized microstructure through-
out steel sheet coils weighing
an average of 25 tons. The work
centered on two approaches.

One was to alter the protec-
tive atmosphere so there was
less nitrogen absorption at the
temperatures encountered dur-
ing annealing. The other ap-
proach was to control the tem-
perature gradients within the
coils to minimize time and tem-
peratures beyond those required.
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These examples demon-
strate how impressively effec-
tive our Quality Management
Program can be. We are continu-
ing to apply technology to fur-
ther improve the quality of all
our steel products. And we are
relying heavily on statistical
process control so that our cus-
tomers can continue to benefit.
We know, from several years of
experience now, that assuring
optimum quality is no “quick
fix” or the simple adding of a
few more hard-nosed inspectors.
It is a full-time, all-out, long-
range way of life. At U.S. Steel,
it’s here to stay and we think
that’s good for American
industry.

United States Steel
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PARTNERS IN QUALITY

ADVERTISEMENT

ager of auto industry development,
talked about the advantages he saw in
early sourcing. “Before the auto com-
panies did ali materials development
on their own. The supplier wouldn’t be
involved until the actual order. There
wasn’t any time for the supplier to vol-
unteer his know-how. Any problem at
that point was a major crisis. Solving it
was a fire-fighting exercise.

“We think we can be a better suppli-
er if we can be involved early in the
design program. GM cannot be expert
in everything. They need the expertise
of the companies that serve them.”

Cover cites examples of how working
together helped to avoid problems and
reduce costs on Fiero, and is encour-
aged by evidence that more manufac-
turers are moving toward “up-front
partnerships” with suppliers. Like
Premix, J&L is heavily into process
controls and, according to Cover, al-
ready seeing positive results.

When asked about a possible dark
side to Detroit’s bright new ideas, one
supplier paused for a moment, then
replied almost apologetically, “I can’t
think of a single disadvantage.”

Alan Scuterud is sales manager of
The Homer T. Bronson Company of
Beacon Falls, Connecticut. “Detroit’s
statistical process controls systems
have challenged us to upgrade our own
quality processing,” he says. “We
make hinges for Detroit, but we make
them for plenty of other companies—
Xerox, for example. What we’ve

learned from Detroit has helped us
serve other customers better.”

THE SUPPLIER’S SUPPLIER

Mobay Chemical Corp. of Pittsburgh
supplies many of the chemicals used in
the manufacture of Fiero urethane
body panels. Worldwide, Mobay’s par-
ent company supplies chemicals to
Japanese auto makers, second only to
U.S. auto makers in their use of the so-
called “friendly” plastic. Having com-
pared notes informally with some of
his counterparts abroad, Dave Ahl-
gren, Mobay’s automotive marketing
manager, Polyurethane Division, re-
ported that, surprisingly, the “team”
spirit shown by U.S. auto makers may
be greater than that of the Japanese.

“They don’t appear to have the same
cooperation we have here—that’s an
opinion, not necessarily a fact. We
have an extremely good, close relation-
ship with our customers here.”

Mobay is fully committed to SPC
and other Deming principles, reports
Ahlgren, and is pleased with the re-
sults.

“We’ve always thought of ourselves
as a good supplier, but we’re learning
to use the methods even more than we
have, which, in turn, I think is making
us an even better supplier.

“For those companies willing to

make the commitment, it’s a real plus.
Those who don’t probably won’t be
around.”

Sheller Globe Corporation’s Iowa
City Division is Pontiac’s source for
Fiero’s interior console—its dashboard
components. According to senior vice
president Sid Jeffe, the teamwork ap-
proach has been an unqualified suc-
cess. “The difference is day and night
as it relates to manufacturing feasibil-
ity,” he says. “We have improved pro-
ductivity in cycle time and manufac-
turing time.”

Jeffe relates experiences from the
past in which manufacturers would
send design prints where the designer
just didn’t understand fully the prop-
erties of the material. Such mistakes
would result in a costly redesign.

Jeffe reports great success with the
concept of the use of “quality circles,”
which allows everyone in the plant to
get involved with problem-solving.

Like other companies, Sheller Globe
has had some difficulty convincing its
own suppliers to implement statistical
controls. But Jeffe believes this, too,
will change. “All we’re telling our sup-
pliers (about implementing SPC) is
that it’s a matter of survival. It’s that
simple. It’s one of the major ways this
country is going to regain its position
of preeminence in world industry.”

Cover photography courtesy: Pontiac Motor Divi-
sion; Rockwell Int’l Corp.; Michigan Dept. Eco-
nomic Dev.

PONTIAC’S NEW FIERO OVERSEAS

Fiero may create, for American
automotive products, export markets
which have not existed for years. U.S.
auto makers (according to the Interna-
tional Trade Commission) sell about
450,000 cars annually in foreign mar-
kets. About 350,000 are sales to Cana-
da, which has no local auto industry
and which maintains an auto trade
agreement with the U.S. Middle East-
ern countries account for much of the
balance; Japan, which sells more cars
to the U.S. than any other nation, im-
ported about 3500 American-made
cars—an insignificant amount indeed
given that Japanese consumers regis-
tered more than three million new
cars last year alone.

The U.S. automotive industry’s ex-
port performance has been affected
most by the “red tape” of special regu-
lations. Stiff import duties and tariffs,
plus local-content laws which require a
high percentage of locally-made parts
in imported cars, have hurt American
exports. Then, too, American cars are
designed primarily for American
roads, tastes and needs. A large option-
laden car simply doesn’t function on
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narrow Japanese roads, nor does it of-
fer the fuel economy necessary in na-
tions where motor fuel can be twice
the U.S. retail price.

Although virtually all General Mo-
tors cars today are designed with ex-
port possibilities in mind, Pontiac Mo-
tor Division’s Fiero probably comes
closest to addressing the problems
which have plagued U.S. exports in the
past. Because of its unique design,
Fiero offers unique opportunities. Divi-
sion officials have not disclosed their
plans, other than to say there will be
no Fiero exports during the first year
of production. They do state a likeli-
hood that Fiero eventually will be a
sales factor in foreign markets.

Most important, the Fiero space-
frame design allows far greater flexi-
bility to meet foreign-market wants.
Says Ron Rogers, director of the Fiero
project, “Because of Fiero’s construc-
tion, if you think about the body pan-
els and the way they’re put on the car

. you could do other versions or
styles for an export market much more
easily than you could with a car of
standard construction.” When assem-
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bled, the Fiero’s space-frame is a roll-
ing chassis, a completely functional
automobile in all respects except that
it has no exterior. This method of con-
struction allows Pontiac flexibility to
build a radically different car simply
by designing new panels to fit the ex-
isting chassis. Slight changes could
even be made to the space frame itself
to accommodate a new “skin.” A car—
or cars—with different character can
easily be created for export; at the
same time, modifications are possible
to meet a nation’s special regulations.

It is conceivable that Pontiac could
export only Fiero’s rolling chassis to
an overseas manufacturer, perhaps an
affiliate or international partner of
GM. The final automobile could be as-
sembled in the receiving country, us-
ing Pontiac-made body panels or pan-
els supplied by a local manufacturer.
In this fashion Pontiac/GM might sat-
isfy requirements currently leading to
import duties or local-content regula-
tions.

Fiero may indeed open up a “whole
new world” of business for Detroit.



BOOKS

Ecological energy, round cities, the goddess

Inanna, Atlantic fishermen, the robot family

by Philip Morrison

NERGY AT THE SURFACE OF THE
E EARTH: AN INTRODUCTION TO
THE ENERGETICS OF ECOSYSTEMS,
by David H. Miller. Academic Press
($54.50). It does not require the cunning
devices of double entry to be quite sure
that the account books of energy are in
neat balance. That budget is scrupulous-
ly managed by a higher law. This com-
prehensive and interesting text is a study
of the energy budget of living systems
in the form best suited to dynamic life
spread out under the sun: the chief cur-
rency we count is in fact power densi-
ty, watts per square meter of ecosystem
area. (The heat supplied by an ordinary
electric blanket flows at a power den-
sity of about 30 watts per square meter.)
The ecologist, however, is no auditor:
it is not that he is trying to balance the
books the better to compute the bottom
line. The abstraction of energy balance
serves him rather to analyze the varie-
gated grasslands of Denmark or the bed
of a dry lake in California; the interest
lies not in the sum but in its terms, some
familiar, some surprising, together pre-
senting one unifying aspect of the diver-
sity of life on the earth. There is even a
chapter mainly on the city, “a fascinat-
ing artifact; even if it were inhabited by
ants rather than human beings, it would
still be a worthy object of study.”

The rays of the sun are the most im-
portant input. The solar beam is a
changing vector, affected by night shad-
ow and cloud, by the march of day and
season, by dust and molecular scatter-
ing. Expect an average of a couple of
hundred watts per square meter over
day and night during summer in the
Temperate zones, and below that by an
order of magnitude and more in a Euro-
pean or Canadian winter. The beam out-
side the atmosphere rises to about 1,400
watts per square meter, beyond any real-
ity on the earth. Temperature is a key
consequence of the net flow of energies.
One basic threshold is the freezing point
of water, at which temperature these
rough surfaces emit about 300 watts per
square meter; at the higher-temperature
end an extensive sunlit surface of wa-
ter cannot get hotter than the low 90’s
(on the Fahrenheit scale), limited by its
evaporation.

But it is realistically rich detail, not
simple numbers, that gives substance to
this set of some two dozen chapters.
They are firmly based on worldwide
field measurements of what really hap-
pens, expressed with plenty of tables and
formulas; the text is not easy and is
somewhat given to jargon of the trade,
but it is without difficult mathematics. If
sunlight has important changes in time
and direction, it also varies in photon
energy and hence in its effects on ecosys-
tems generally, on the eye and the green
leaf in particular. The solar infrared
serves only to heat and perhaps elongate
plants: 51 percent of the radiant flux is in
that band. The ultraviolet is less than 10
percent. The rest we can see and may in
part feed on. Animals bask in the di-
rect sun; some arctic insects warm their
wing muscles in the focus of the beam
formed by the concave petal disk of the
arctic poppy. But the sky diffuses the
sunbeam, particularly under overcast or
cloud; that hemisphere of sky light is
complex, variable and important.

“In a way it is a source of wonder that
the atmosphere, as deep and massive as
it is, transmits any energy” down to the
surface. That is of course the mark of
the wide-spaced quantum levels of the
major diatomic molecules of the air. In
fact, there is a large and rather steady
invisible flux of deep infrared we seeing
creatures tend to overlook. It comes
from the air above warmed by the copi-
ous solar infrared, and it amounts to
as much as 400 watts per square meter,
even more when water droplets high
above join in. It is the rare trace mole-
cules with three atoms that supply this
radiation: most of it is contributed by
water and carbon dioxide. In the wave-
length range from four to eight micro-
meters the flux is local, coming from
the lowest 50 meters or so of the air.

Most of this energy flux comes in at -

still longer wavelengths from parcels of
trace gases the better part of a kilometer
up, and a little comes all the way from
the ozone high in the stratosphere. No
plants feed on this too soft photon
stream, but its role in their overall heat
balance is clearly major. What doth it
profit a leaf to nourish its chloroplasts
if the entire structure is destroyed by
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INVEST
YOURSELF

’

A windmill to pump water for “salt farm-
ing” in India. More efficient woodburning
stoves for the Sahel. Photovoltaic irrigation
pumps for the Somali refugee camps

All these are solutions to technical prob-
lems in developing countries. Devising
such solutions is no simple task. To apply
the most advanced results of modern sci-
ence to the problems of developing areas
in a form that can be adopted by the people
requires the skills of the best scientists,
engineers, farmers, businessmen—people
whose jobs may involve creating solid state
systems or farming 1000 acres, but who
can also design a solar still appropriate to
Mauritania or an acacia-fueled methane
digester for Nicaragua.

Such are the professionals who volun-
teer their spare time to Volunteers in Tech-
nical Assistance (VITA), a 20 year old pri-
vate, non-profit organization dedicated to
helping solve development problems for
people world-wide.

Four thousand VITA Volunteers from 82
countries donate their expertise and time
to respond to the over 2500 inquiries re-
ceived annually. Volunteers also review
technical documents, assist in writingVITA's
publications and bulletins, serve on tech-
nical panels, and undertake short-term
consultancies.

Past volunteer responses have resulted
in new designs for solar hot water heaters
and grain dryers, low-cost housing, the
windmill shown above and many others.
Join us in the challenge of developing even
more innovative technologies for the future.

Putting Resources
to Work for People

1815 North Lynn Street, Arlington, Virginia 22209-2079, USA |
i
|
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CURE FOR THE
COMMON C OI.D.

.

Bitter cold strikes young and old alike. And about all you could do before
Thermolactyl was relieve the symptoms.

You could try to block the icy winds with layers of bulky clothing. Or wear
old-fashioned long johns and perspire the moment you step indoors.

But now Damart is offering a cure you can live with (and afford!):
Form-fitting underwear made of Thermolactyl, a manmade fiber much warmer
than cotton or wool and also much lighter!

Damart Thermolactyl retains your body heat. And yet it b-r-e-a-t-h-e-s,
allowing perspiration to evaporate. So you feel warm and dry, not cold and
clammy. You're comfortable outdoors and indoors, too.

No wonder more than 1,000,000 Americans already wear Damart
Thermolactyl for outdoor sports or to prevent nagging aches associated with
cold and dampness. No wonder it’s the choice of polar and Himalayan
expeditions, the Ladies Professional Golf Association, and the Jets, Patriots,
Bears, Bills, Steelers, Eagles and Packers football teams.

Damart’s colorful catalog features form-fitting tops and bottoms in all
sizes (including tall) for both men and women.
You'll also find caps, glove liners, socks, even
thermal lingerie!

Send for your catalog right away. Not only will
you survive the common cold; you'll thrive in it!
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Mail to: DAMART, Dept. 34095
1811 Woodbury Avenue
Portsmouth, N.H. 03805

FREE CATALOG Yes —rush your catalog of
warm but lightweight Damart Thermolactyl.
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freezing? This long-wave radiant in-
come is always compensated for in large
part by the upgoing thermal infrared
emissions from the ecosystem at the sur-
face temperature.

About a third of the book deals with
this subtle radiation problem, ending in
an overall balance struck among seven
different fluxes: the solar direct beam
and the sky income at short wave-
lengths, the infrared from gas and cloud,
and the partial reflections and emission
upward. Capable all-wave radiation
sensors in national networks have been
in service for years in many countries,
with 100 or more deployed across the
U.S.S.R. One feature of this text is its
excellent coverage of the literature, with
much space given to the extensive Rus-
sian and Western European work.

The second third of the text goes be-
yond the radiative base. It treats of the
carbon fixation that sunlight spins out of
carbon dioxide and water: the energetic
harvest. In the end that store is broken
down by grazers, decomposers and fire.
From leaf-cutting ants to the human
harvester every visible feeder 1s unim-
portant quantitatively. Even the energy
fixed in a field of wheat goes to sustain
the unseen and the lowly; they take six
times the amount cropped as human
food. Visible grazers become energeti-
cally important only rarely, as in times
of a caterpillar population explosion;
then the litter fall from tree leaves can
approach the usual values of net pri-
mary production, about one watt per
square meter.

A merino ewe is diagrammed in her
energy environment in the sunbaked
Australian shrubland; her thick fleece
physically rejects most of the solar in-
put by long-wave emission. The shorn
lambs endure an opposite stress; they
depend on a tempered wind. In winter
their heat loss can easily become lethal.
Now the subject matter gets more di-
verse. There is latent heat from the
phase changes of water and sensible
heat to worry about, in transfer to the air
and the soil. There is the heat content
and even the kinetic energy of hail, wind
and rain, often important as trigger
processes. There is stratification: the tree
canopy sees radiant flux and turbulent
air quite unlike those of the forest floor.
Not much is ignored; many of these
items are small in the mean but serve to
turn natural valves, so to speak, for the
larger flows.

Finally enter the inputs from our spe-
cies, by fire and tractor, by fertilizer and
reaper. The closing chapters seek inte-
gration, and some careful accounts have
been given. The text ends with a remark-
able diagram, plotting on a triangular
field the three major nonradiative fluxes,
that of latent heat, sensible heat (given
to the air) and soil heat, expressed as
fractions of the net all-wave radiation,
the three corners all idealized pure cas-



es. Desert ecosystems plot along the
edge between the soil-heat and sensible-
heat corners; the farm plots are watery
enough to dwell near the latent-heat cor-
ner. There is an entire world implied:
cactus stems, deer, bogs and the typical
citizen of Christchurch, New Zealand,
have all been modeled in such an ener-
gy-flow domain. Scale is important; the
energy-budget method has been widely
applied to food and feed crops, from an
initial effort at single leaves. The hot-
lands sheep is a radiator, but insects are
convectors, “keeping cool purely by vir-
tue of their size.”

The city treatment is brief but provoc-
ative. One result worth citing is the ef-
fect of the coming of electric power
about a century ago. The cities’ struc-
ture changed; they got much less intense
(compare the inner heart of a walled city
with the present sprawl), but the energy
conversion needed for circulation has
compensated for the increased area, and
the overall flux density has remained at
about 20 watts per square meter. It is not
only fossil-fuel use that contributes: the
city is an investment in energy-rich mat-
ter. Amortized over 40 years, the mate-
rial inventory requires an energy flow
about as great as fuel use. The heat is-
land over cities is well established; its
causes and changes are not yet fully
known. Cities warm the night because
they store heat underground; they give
off more long-wave radiation, and they
disturb the atmosphere both composi-
tionally and thermally. The manifest-
ly powerful world of furnaces, cooling
towers and smokestacks lies in quite an-
other regime.

ITIES IN THE ROUND, by Norman J.
Johnston. University of Washing-
ton Press ($29.95). Eye-catching illus-
trations ornament and vivify this de-
lightful study of a struggle between the
ideal and the real nearly as far-flung
over time and space as settled humanity
itself. First a word of explanation for the
title is needed. The circle is a precise
concept, but its infinite symmetry has
beenseenever since the great Florentine
Leone Battista Alberti as only the limit
of that considerable group of finite rota-
tions in the plane. “It is manifest,” he
wrote, “that Nature delights principally
in round Figures.... We find too that
Nature is sometimes delighted with Fig-
ures of six Sides.” He went on to admit
other polygons as well. So does our au-
thor, a professor of architecture and ur-
ban planning and design at the Universi-
ty of Washington. Symmetrical forms as
intricate as snowflakes in all their reen-
trant concentricity dominate the visual
impression of this handsome book; true
circles are scarcer, usually implicit.
Put aside the recent pivot irrigation
that grows clusters of big green circles
across the flatlands of some modern
farmers. Otherwise the translational de-
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mands of the plow, like those of the car-
penter and the mason, strongly favor the
rectangle, or at least less regular ways of
filling the plane. It is the circle as symbol
that the round city celebrates, not any
rotational way of work. It is true that
the royal Zulu cities of the 19th century
took the simple kraal to great dimen-
sions: the king at the center, the warri-
ors’ huts ranged around him in four- or
fivefold ranks to the scale of an impos-
ing circular town of thousands. The Zu-
lus were proud of a livelihood of cattle
raising; their range was effectively un-
bounded, not divided by land deeds or
barbed wire.

Other camp and village circles can be
found, as among the nomad Cheyenne,
or the gardening groups of the Ama-
zon. Those peoples have neither plowed
fields nor stone houses. Great China,
and the Asian cultural domain it may
have influenced or reflected, from the
four-square pueblo to the stupa and the
Purple Forbidden City, have a distinct
cosmological need. Theirs is an earth
of four cardinal directions; it is the sky
alone that forms a celestial circumpolar
circle. These shapes may be combined,
as in a mandala or for the imperial rit-
ual instruments of jade, but it has nev-
er been an Eastern plan to occupy this
earth circularly.

Herodotus tells the tale of Ecbatana
of the Medes, with its seven concentric
walls in color, one for each luminary,
from the golden central sun wall of the
king to the outermost white wall for
Jupiter. This is more likely to preserve
myth than matter, but in fact there were
circular cities in the ancient Middle
East. One drawn here in aerial perspec-
tive is Gur of the Sassanians, built in
A.D. 226 and left in ruin when Islam
came to southern Iran. Its cosmic plan,
centered on kingship, recalling the sun
itself, persisted. Baghdad was planned
by the caliph al-Mansur as a City of
Peace and a paradise on earth; no form
other than a circle would do, centered
on the Golden Gate Palace of the caliph
with its green dome. The fabulous city
was built just so in four years. The puri-
ty soon departed, and development rap-
idly breached the ring wall. No sign of
circles is found in Baghdad today.

The Classical world built no round
cities; medieval towns were also walled
orthogonally, although the City of God
remained a circular ideal, theoretical
and latent, “like embers.” A remarkable
example from that same time, but far
from the culture of Europe, is the near-
circular town of Mexcaltitdn, on the
west coast of central Mexico, built on an
island in a lagoon. Its citizens hold that
its form has cosmic meaning; they have
retained the rounded wall and the cen-
tral quartering by crossed streets with
“singular resistance.”

Theory caught up the Renaissance
planners; theirs was a time of human

52B

reason. Domes burgeoned, and with the
lofty circles of the central form came
the idea of the perfect city. By the end of
the 16th century, however, a strange al-
liance arose between philosopher and
military engineer: the cosmic idea was
linked to “a melange of trigonometry,
cannon fire traceries and bombardment
analyses.” The prince at the center need-
ed those convoluted bastions and lu-
nettes; wide roads axially outward to the
gates in the frowning multiple reentrant
walls seemed necessary to quick rein-
forcement. The fortress town of Palma-
nova, the finest of the day, was spon-
sored by no single prince but by the rich
Republic of Venice. Its ideal was forti-
fication, and the swiftly realized plan,
still more like a snowflake than any oth-
er city still standing, had to bend toward
the practicality of a working city.
What any lesser prince could do,
Louis XIV and Peter the Great would
do even more grandly. The planned
baroque town-forts multiplied from
France to Finland; the great Vauban
remodeled more than 160 fortresses
and built 30 new ones, while directing
53 sieges. He was created Marshal of
France, but his concern for the masses
of the people and their taxation did not
please the court; he died in disgrace.
The autocrats diminished, and artil-
lery range outgrew the most ambitious
walls. The new theories nonetheless re-
tained a place for the city in the round,
no longer to be justified by the centrality
of a ruler or by the cosmic view. Now
they were arguably pragmatic and egali-
tarian. (Theorists are up to a certain
amount of rationalization in the inter-
ests of simplicity of form.) There are
plenty of projects for such cities and a
few realized ones, with more than one
circle that was squared once the popula-
tions got their hands on the decisions.
A kibbutz called Nahalal is an open
sunburst town, its fields radial strips out
from the final ring of houses. Brasilia is
no round city, but the runner-up for its
planning competition of 1957 was a
design by the brothers Roberto for a
cluster of seven hexagonal urban units,
housing 72,000 souls each, a plan that
could expand by replication. Even later
the workers who built the first stage of
the power-station project on the river
Parana were housed in a circular town
around a model farm. It was hoped the
small city would take root. “But once
construction ended, the residents has-
tened elsewhere.” Poor Jupia is a neat
page in the architectural treatises, but
the army took over half of the rings and
the rest of the settlement was bulldozed.
Professor Johnston concludes that the
persistence of the circle-city idea is a
signal we can still make out amidst the
noise of the shifting arguments for it.
Somehow it is built into the mind and
the heart. We need cities we can love,
all right, but it is not the planners, how-
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ever indispensable, whose harmonious
emotional response to city form should
stand first in priority.

NANNA, QUEEN OF HEAVEN AND
EARTH: HER STORIES AND HYMNS

FROM SUMER, by Diane Wolkstein and
Samuel Noah Kramer. Art compiled
by Elizabeth Williams-Forte. Harper &
Row, Publishers ($16.95). At the eastern
edge of the alluvial plain of the lower
Euphrates in southern Iraq the archae-
ologists have for two generations been
working at the mounds of Uruk, biblical
Erech and modern Warka, one city-state
of ancient Sumer. The site has disclosed
marvels, the oldest written documents
and the first great monumental temples,
their mud-brick walls, huge columns
and high platforms encrusted with a col-
orful patterned mosaic of cones and
beakers of painted terra-cotta. The time
of Uruk’s flowering was a period of 500
years and more from about 3500 B.C;
Sumer endured, waxing and waning in
the flux of human affairs, for another
couple of millenniums.

The glory that was old Uruk was not
forgotten: its beliefs and forms were re-
corded with learning and passion on
clay. That very technology was Uruk’s
accomplishment. Here and there in new-
er cities throughout the land between
the two rivers there accrued libraries of
the hand-size tablets, marked in swift
cuneiform by scribes and scholars who
knew the past, even though they were of
a different people. In the 19th century
tens of thousands of tablets were found
and preserved; it has been a triumph of
our century to have translated many of
them. Among all those temple accounts
and tribute lists and school lessons we
hold as well a literary treasure, “more
than thirty thousand lines of text, mostly
in poetic form, [constituting] the oldest
written literature of significant quanti-
ty and variety so far uncovered.” It in-
cludes “twenty myths, nine epic tales,”
200 hymns, with laments, dirges and di-
verse texts of antique wisdom. The prin-
cipal source tablets for the Inanna cycle
are dated at about 1800 B.cC.; their story
is surely much older.

The poets and the people of Uruk
listened and sang; the scholars of later
Sumer recorded their liturgy in all piety;
the dusty tells held the bone-old records
safe until the artful diggers came; the
scholars unraveled the crowded wedge
signs into English, French and German
texts. The lapidaries represented the sa-
cred date palm and the Holy Fly of the
Underworld, the nude Lilith and the ra-
diant Inanna.

This volume of collaboration takes us
one inviting step further. The young sen-
ior author is a gifted storyteller, an expe-
rienced folklorist, with a sense rare in
our literate times of the demands and
the rewards of the spoken tale. Search-
ing for a grand story of a woman, she
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came to realize that the tale cycles of
Diana, Demeter, Cybele and Perseph-
one and the others are all scattered and
incomplete. It is Inanna, the oldest story
of all we know, who alone spans the
whole of the mythic life.

A girl, Inanna claimed her woman-
hood with the aid of her hero-brother
Gilgamesh; she brought the sacred me,
the root of all order, to her city Uruk to
enter first on her queenship. She made
joyous love with her chosen shepherd-
king Dumuzi. Reigning, she journeyed
to suffer the tyranny of the Underworld
in death; she returned to the Great
Above after exacting a partial sacrifice
from Dumuzi. Finally she ruled Sumer
in all her aspects, celestial and temporal,
“mighty, majestic, radiant and ever
youthful,” patroness alike for sweet
fruitful love and the bitter emptiness
of death. Like Venus, she is together
the Morning Star and the Evening Star,
2,000 or 3,000 years before the astrono-
mers of Hellas.

The distinguished junior author, Sam-
uel Noah Kramer, is the recognized
dean of Sumerologists. His own scholar-
ship-has for 40 years given us most of
the meaning we can now find in the tab-
lets. He prepared the relevant Inanna
texts in up-to-date form, some drawn
fromvery recent translations and newly
pieced fragments, taking account of all
current work. Those texts, the best we
have, he turned over to Diane Wolk-
stein, the storyteller. She has spent three
years preparing her cycle of Inanna,
more than 100 pages true to the reso-
nant but unrhymed verse line of Sumeri-
an. Not one tired archaism is left, no
days of yore. She has shaped order and
flow, keeping ““as close as possible to the
power, wonder and mystery”’ of the old
texts. She has eliminated enough repeti-
tion to allow the story to breathe, and
yet she has retained enough of it to
give the novelty of a ritual authenticity
long hidden.

Half of the book is this newly alive
story of Inanna, half is a readable, var-
ied and documented commentary from
three points of view: that of the epigra-
pher, that of the writer and storyteller
and that of the art historian and archae-
ologist. The gloss explains the complex
written and visual material of this un-
usual and exciting volume, at a little-vis-
ited frontier between meticulous schol-
arship and vivid theater. Within the text
there may well be lightly encoded one
important constituent of the astronomi-
cal understanding of the time, only hint-
ed at in this book.

“As Inanna ascended from the under-
world,

The galla, the demons of the under-
world, clung to her side.

The galla were demons who know no
food, who know no drink,

Who eat no offerings, who drink no
libations,
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Who accept no gifts.

They enjoy no lovemaking.

They have no sweet children to kiss.

They tear the wife from the husband’s
arms,

They tear the child from the father’s
knees,

They steal the bride from her mar-
riage home.”

The hymns celebrate the bride’s re-
turn in peace:

“My Lady looks in sweet wonder
from heaven.

She looks in sweet wonder on all the
lands

And on the people of Sumer as nu-
merous as sheep....

I sing your praises, holy Inanna.

The Lady of the Morning isradiant on
the horizon.”

DISTANT WATER: THE FATE OF THE
NORTH ATLANTIC FISHERMAN, by
William W. Warner. Little, Brown and
Company ($17.95). The drama is at the
cod end. Studded with the heads of live
fish bulging through the mesh, clouded
over by screeching flocks of excited kit-
tiwakes, it broaches heavily up in the
wake of the trawler, also catching every
fisherman’s eye in that moment of visi-
ble triumph. The cod end is the socklike
bag into which the caught fish collect as
the big net is dragged through the sea. A
trawler out of Boston on Georges Bank
may net as much as a ton of fish in one
lucky cod end; her company of 10 men
reckon to spend a backbreaking week or
so at sea between times ashore, and they
will divide with the owner the proceeds
of a catch of some 40 or 50 tons of well-
iced cod and blueback pollock.

In competition with the bands of New
England fishermen there arose a hunting
system of a very different kind: an engi-
neered enterprise of urban proportions
afloat, taking fish at an order of magni-
tude greater rate, with 10 tons tothe cod
end, trawlers of 10 times the displace-
ment and every crew 100 men—and
women too. They spend months at sea,
rotating by air to a home port as far
away as Murmansk. Fleets of 200 such
ships like cities afloat until recently
drew their “big Jesus nets” across the
Banks. This beautifully written book is
an ethnography of that system, a lov-
ing, firsthand “foredeck chronicle” by a
writer who spent months on shipboard
among the enduring and skillful people
of half a dozen nations who follow the
last great hunting way of life.

The new way began with the Fairtry, a
minesweeper converted in Aberdeen to
fish the Grand Banks first in 1954. That
British prototype launched 1,000 facto-
ry trawlers. (If we are to credit the ac-
count here, the first such Russian ships
were built from her blueprints, cunning-
ly wheedled out of her designers on a
pretext of orders.) Four innovations de-
fined the class: a stern ramp for the big
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nets, an automated fillet-making line
sheltered belowdecks, a quick multi-
plate freezing plant aboard and fish-
meal equipment to convert the part of
the catch that is unmarketable as human
food. Such a ship is big enough to offer
movies and showers to the crew, and
costly enough to justify powerful elec-
tronics, for example a set of sonars
mounted on the elaborate nets, whose
mouths may be 10 acres in area, guiding
the mid-water trawl in three dimensions
to envelop with precision the big sonar-
detected schools. The quick-frozen mor-
sels of white fish are nothing like the
sallow week-old cod at the bottom of a
dirty pile of ice that earn a longshore-
man’s grimace on the Boston Fish Pier.

They that do business in great waters
earn our respect simply by completing
their voyages; much more must be of-
fered to those who also work hard and
dangerously almost every hour at sea.
We meet them through Warner’s open-
ly friendly sharing afloat. The West
Germans are held to be the most ex-
pert. Their big instrumented mid-water
catches do not stir the bottom but come
up “clean”; regularly the cod end yields
98 or 99 percent of the fish, say herring,
that they had trawled for. The fish-proc-
essing machinery is itself a worldwide
near-monopoly of the Liibeck firm of
Baader. History is plain on the fishing
grounds; we ought not to be surprised
that the best fishing in all waters and
weathers is done from ships built for
Hanseatische Hochseefischerei, nor that
crews from new fishing nations, such as
Cuba, show they have much to learn in
distant cold waters.

It is on board a big Kaliningrad trawl-
er that we glimpse something of the life
of the Russian working people. Their
trawlers are generously staffed, perhaps
by half again as many crew as serve a
larger West German ship; the frenzy and
crushing fatigue of the work are gone,
shared among many hands on a kinder
watch system than the 12 hours on and
six off of most fleets. Their captains co-
operate, calling their colleagues to share
a find instead of voicing the covert suc-
cess and open deceit heard over the ra-
dio from the fiercely competitive mas-
ters of the West. The crews, men and
women, are more diverse in career, am-
bitions and education than the tough
fishermen of Grimsby or Boston; they
go to sea for wages three or four times
what a factory worker might earn.

We witness calisthenics and film after
film of the Great Patriotic War, meet an
interesting crew that serve unbonded by
shared experience to any single ship or
master and dine with them heartily, if
predictably, on rich tasty soup to weak
fruit compote in a mess hall decorated
with eight hortatory posters. One reads
in translation: “BALLS OF FIRE! The Bri-
gade of Second Fishmaster A. T. Aby-
bikhanov...has processed 5 TONS....
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STEADY AS SHE GOES!” Only Russian
deckhands remain universal fishermen,
complaining, bantering, horny and cyni-
cal. It was a happy ship, a safe one, its
many jobs secure, and it evoked the air
of a serious schoolroom, with grades
and messages from the principal on con-
stant display. The farewells to Warner,
from the laundrywoman’s gift of per-
fume to the captain’s three hugs, left
him with that long-familiar but still
moving reflection: “To work and to live
closely with the Russian people is to
know generosity, warmth and a sense of
community matched by none.”

The factory fleets have departed now
from the North Atlantic. The last of
the big “floating cities” glowed offshore
there some five years ago. In 1976 the
US. and Canada led in the establish-
ment of the 200-mile treaty limit on for-
eign fishing. Controls soon spread to all
coastal states. The nutrient waters at the
boundary of the Gulf Stream, just north
of whose mixing flow the riches of the
North Atlantic fishing grounds arch
from Nantucket Shoals to Skolpen Bank
eastward of the North Cape, support
plenty of fish but not enough to sustain
those megaton catches of the 1970’s.

Nobody launches such big trawlers
today; they are not well suited to the
multiple species of the tropical Pacif-
ic waters whither the new fleets have
moved. The British trawlers are laid up
or are plowing Cornish waters. The Ger-
mans tried New Zealand, but it was hard
to match the huge uniform schools of
the cold North Atlantic shallows and
the quotas fell swiftly. The Spanish pair
boats that share one net drawn between
them remain a small-scale exception.
The Russian fleet has dispersed to the
seven seas, often not fishing but merely
processing at sea the erratic catches of
local fishermen along the Benguela Cur-
rent off West Africa, or creaking and
groaning while they wait out sellers in
the slow California swells.

The fish-bearing shelves of the world
ocean are now nationally subdivided,
“a staked plain”; the world catch re-
mains about the same overall, but it is
now far more diffuse. The North Atlan-
tic shoals are livelier, not with big trawl-
er fleets but with fish and birds. Only
in the Norwegian Arctic do the catches
still decline; elsewhere they are becom-
ing stable, at levels higher than those of
the past for local boats but severalfold
below the transient peak of those too-
well-supported hunters. The affection-
ate nuk nuk girls of Godthaab, like the
Stardust Club of quiet St. John’s, must
miss their foreign fishermen nowadays.
The Boston boats still arrive one or two
at a time at the Fish Pier almost every
day, each laden with 40 tons.

NDUSTRIAL RoBoTICS HANDBOOK, by
V. Daniel Hunt. Industrial Press Inc.,
200 Madison Avenue, New York, N.Y.



You're probably expecting our typical sales
pitch, but get ready for a shock. For instead
of trying to tell you what a great product the
Magic Stat thermostat is, we're going to tear
it apart. Unmercifully.

When we first saw the Magic Stat, we took
one look at the name and went *'Yuck.”” We
took one look at the plastic case and said
““How cheap looking.”” And when we look-
ed for the digital readout, it had none. So
before the salesman even showed us how it
worked, we were totally turned off.

REAL LOSER

So there it was—at first blush a real loser.
But wait, we did find one good feature—a
feature that led us to a discovery. The Magic
Stat installs in a few minutes and no ser-
viceman is required. Thermostat wires in your
wall follow standard color codes. So when
you install Magic Stat, you attach the red wire
to the red location and the white to the white.
That's playschool stuff. And it's safe. Conven-
tional thermostats installed over the past 20
years are generally only 24 volts, so you can
either turn off the power or work with the
“live” wires without fear.

OK, LET’S TEST IT

The Magic Stat installation was so easy that
the least we could do was test it. And that's
when we made an incredible discovery. We
discovered that the Magic Stat was probably
the most consumer-oriented, technologically-
advanced and most sophisticated thermostat
ever developed on the face of this earth and
in our galaxy for all times ever. What made
us switch from hating the thing to loving it?
Read the following.

The Magic Stat has six setback settings per
day and a seven day program. That means
that you could set it for 70° when you get up
in the morning, drop the temperature to 540
when you go to work, raise it to 68° when you
return for dinner, raise it up to 720 after din-
ner as you watch TV and then drop it down
to 620 when you go to sleep. Count them—
five settings with one to spare.

In one day the Magic Stat is programmed
for the whole week and for the weeks to
come. If you want a different schedule for
weekends, you can individually program the
thermostat for those days, too. “‘Big deal,”
you might think. “What's so great about
that?"” Read on.

You set most electronic setback thermo-
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stats to the time you want the furnace to go
on in the morning, so when you wake up,
your room is once again warm. But what if
one morning it's bitter cold outside and the
next morning it's much warmer? This means
that setting your furnace to go on at the same
time may, on one morning, leave you cold
and on the next morning cause you to waste
energy by warming up your house too soon.

By golly, the Magic Stat has everybody
beat on this one too. Throughout the night it
senses and computes the drop in
temperature and the time it will take to get
your room to your exact wake up tem-
perature. So if you want to wake up at 7 AM
to 70 degrees—that's the temperature you'll
wake up to every time. Because it's a
patented concept, no other thermostat has
this feature. But wait. There is also a patent
on the setting feature.

SIMPLE TO SET

To set the thermostat, you press just one
button. A small LED light scans the
temperature scale until you reach your
desired temperature and then you release the
button. You change the temperature naturally,
throughout the day, up to six times. The unit
responds and remembers that exact living
pattern. The present temperature is displayed
by a glowing red LED on the scale.

The system also computes the ideal length
the furnace should stay on to keep the
temperature within a range of plus or minus
one and one-half degrees. A battery backup
lets you keep your stored program in its
memory So power outages as long as eight
hours won't let your unit forget. And if
something happens and your power is out for
a few days, the unit will automatically main-
tain 68 degrees when the power is restored.

Quite frankly, we were so impressed with
the unit, its ease of installation and setting plus
its many energy-saving features, we seriously
considered advertising it until we realized that
our customers would probably not want to
trust their future comfort to a product called
Magic Stat. What if something went wrong
with the unit? How substantial was this Magic
Stat outfit? Remember, a thermostat is
something you live with as long as you live
in your home, and they’re supposed to last
ages. After all, your comfort depends on it.

Well, we did our homework, We found the
company to be a sound, well-financed or-
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MagicC
Baloney

You'll love the way we hated
the Magic Stat thermostat until
an amazing thing happened.

It had no digital readout, an ugly case and a
stupid name. It almost made us sick.

ganization. They have been in business for
several years, and they back their products
with a three-year limited warranty. In addition,
the company has a policy of buying back
your unit in one year if you haven't saved its
full cost in energy savings. We were satisfied
with the company, the people, the product,
its incredible features, the company’s com-
mitment to the product and above all, the
energy savings.

We are so impressed now with the Magic
Stat that we're going to make buying one ir-
resistible. Buy one from us for only $79. In-
stall it yourself in a few minutes or hire a han-
dyman to install it.

Or order the new deluxe untt for $99 with
the exact same features as the regular model,
but with a beautiful new case.

Then enjoy the savings this next winter, Not
only will you save up to 30% on your heating
bills, but you're eligible for the 15% energy
tax credit. Then if you're not absolutely in love
with this product one year later, return it to
JS&A. You'll get all your money back and you
can reinstall your old thermostat.

REALIZE SAVINGS

But we're counting on a few things. First,
you will realize an energy savings and a com-
fort that will far surpass what you are currently
experiencing. Secondly, you probably will
sleep better breathing cooler air yet wake up
to just the right temperature.

Beauty is only skin deep and a name
doesn’t really mean that much. But we sure
wish those guys at Magic Stat would have
named their unit something more impressive.
Maybe something like Twinkle Temp.

To order, credit card holders call toll free
and ask for product by number below or send
check plus $4 delivery for each unit ordered.
Magic Stat (0040F)
Deluxe Magic Stat (0041F) C.....99

G

One JS&A Plazé
Northbrook, lllinois 60062
CALL TOLL FREE 800 323-6400

IL residents add 6% sales tax. ©JS&A Group, Inc.,1983
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10157 ($32.50). The engineering hand-
book has come to have a generic look: a
squat, heavy volume on thin paper tight
with long tables of well-tried numerical
data. The book bears the name but is no
standard member of the genus. All the
same it is a timely and useful book; rou-
tine specification and design of robots
have simply not yet arrived.

This rounded compilation of matter
of diverse source and nature fills a vol-
ume of unexceptional size and weight,
neatly produced. It is an overview for
readers with a broad understanding of
engineering and economic topics; only
here and there, particularly around its
account of computer programs and ro-
bot control, does the level taken en-
ter the domain of the specialist, say a
would-be designer. The text begins with
what amounts to a small book on robots
in general, their configuration, sensors,
tools, programs and control, safety and
socioeconomic impact. Then we come
to a look at the state of the art: a field
guide to “‘current robotic systems” and a
few pages of specifications and figures
from each of the 28 U.S. manufacturers
of robots, more than 80 species overall.
Not at all provincial, the compiler then
goes overseas; there is a review of ind us-
trial-robot manufacture in 10 countries,
including a major review of the industry
in Japan, although not in the U.S.S.R.
The last 40 pages take a look at the robot
and the future, by way of invited or cited
statements from a wide range of expert
and interested sources. The book is com-
pleted by a glossary, a bibliography and
a brief summary of robot R&D organi-
zations in the U.S.

Scale determines. There are industrial
workers by the 100 million in the world.
The robot population, by any plausi-
ble definition, is a thousandfold less.
Growth is spectacular, but even by ex-
trapolation from ebullient Japan it does
not seem that robots can staff as much as
a few percent of the work over the next
few decades. The entry points for work-
ing robots seem understandable. Hard
automation, say the familiar wonders of
the light-bulb industry, is not robotic; its
repetitive operations are already high-
ly optimized for a well-defined product,
and they are slow to change. Most small
batch production, with hand assembly
and inspection, changes so often and re-
quires so little training of modestly paid
human workers that it does not appeal
to robots.

The robot’s role lies in between, mov-
ing parts and assembling them up to
a point, where the electrical-appliance
and machine-tool ind ustries offer plenty
of niches. Other familiar tasks, notably
welding and spray painting, and eventu-
ally work with hot metal, demand too
much from human workers, who have
the habit of breathing and require strict
temperature control. A robot that works
no faster than a human welder can tri-
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ple output; the masked and overheated
welder can work with that glaring arc
only 30 percent of the work time.

Experience bears out this view: Nis-
san and Toyota and their counterparts
everywhere are the biggest employers
of robots. These automotive robots are
playback devices; they learn on the job
as a skilled worker leads the apprentice
step by step through the hand task, typi-
cally making his points through the use
of a hand pendant control. A Cincin-
nati-Milacron T-cubed robot, able to
work a couple of shifts every day, sells
for $63K, and it will store in a micro-
processor the locations and sequence of
more than 400 points taught it, mov-
ing between them by means of continu-
ous-path servo, able to define positions
absolutely and to reproduce them with-
in about 1.3 millimeters. Its hydraulic
drive will swing a couple of hundred
pounds around six axes, and it has been
certified as a spot welder, a parts-trans-
fer-machine tender, a drill operator and
more. The big one-armed deaf-blind fel-
low stands on a heavy three-foot base
from which it can reach much of an
eight-foot hemisphere. This is an experi-
enced arm; it is state of the market, in
stock today.

Control and program for robots tran-
scend the ingenuities of the more famil-
iar symbol-handling computers. The ro-
bot dwells in an untidy real universe,
and the problems of mechanical oscilla-
tion, hydraulic drifts and urgent excep-
tions to the program commands (some-
thing fell!) are surely moving the designs
toward smarter, more attentive devices.
Breakaway wrists for tool arms sound
crude; the T-cubed arm can drill far
more precisely once it is given a smart
drill, one with its own template, contact
sensors and dedicated microcomputer.
Robot locomotion is just ahead: more
need for good robot sense and sensors.
Ship welders, coal-face miners, under-
water workers and window cleaners are
ahead, and medium assembly seems
wide open for the near term.

The robot future is unclear in detail,
except for growth in number and so-
phistication. Two analysts, one for the
United Automobile Workers, Daniel D.
Luria, and one, James S. Albus of the
National Bureau of Standards, offer
clear-eyed views near and far. U.S.
metalworking employment is bound to
shrink. American white collars also will
get bluer as offices increase in capital
cost and require multiple shifts. Unless
output grows with unexpected speed, se-
rious dislocation is sure. The “bad” jobs
should go to the robots first; the unions
need a voice in technology choice; the
market cannot determine the new struc-
ture for the U.S. economy. The work-
week should dwindle; robot factories
making robots, with an exponential hid-
ing in there somewhere, loom on the far
horizon.



SCIENCE. “SCOPE

The space shuttle's new "eyes, ears, and voice" will revolutionize future mis-
sions, tests aboard the shuttle Challenger last June indicate. The integrated
radar and communications system, also called the Ku band radar because of its
operating frequency, uses an antenna dish at the front of the cargo bay. The
system will let shuttle crews talk to Earth or transmit TV, high-speed data, and
payload telemetry through NASA's tracking and data relay satellites. Crews now
communicate with the ground less than 20% of the mission because the spaceship
passes beyond the range of ground stations. With the Hughes Aircraft Company
system, communications time will increase to over 90% of the mission.

Pioneer 10 is streaking into interstellar space with navigational help from its
electronic imager. The spacecraft, which made history last June upon leaving the
solar system, is using its imaging infrared photopolarimeter (IPP) to fix on the
star Sirius. Pioneer 10 previously oriented itself with a sun sensor, but the
sensor, now well beyond its design range, is reaching its limits of sensitivity
2.9 billion miles away. Pioneer 10 needs a reference point for spacecraft
attitude control and interpretation of scientific data on solar wind. The IPP
had been repeating various cruise-mode experiments since giving scientists their
first close-up pictures of Jupiter and its four largest moons in late 1973. The
IPP was built by the Santa Barbara Research Center, a Hughes subsidiary.

An advanced antenna farm designed with the aid of a computer will be carried into
space by Intelsat VI communications satellites. The system will provide many
different kinds of coverage -- beams transmitting to entire hemispheres, "global"
beams, focused regional beams, and very narrow spot beams for broadcasting high-
speed data. Hundreds of computer patterns were created to predict antenna
performance. These studies led to the choice of transmit reflectors 3.2 meters
in diameter instead of 4 meters. The larger size was rejected because it offered
only slight improvement at the cost of being much heavier, larger, and more
complex. Hughes heads an international team building Intelsat VI.

The new Landsat 4 spacecraft measures surface temperatures with an emitted ther-
mal energy band not available on previous Earth resources satellites. The band,
part of an instrument called a thematic mapper, adds a new dimension of data to
that of bands that measure reflected sunlight. The new band can identify and map
surface composition for geological studies and for mineral and petroleum explora-
tion. It also can identify vegetation types and monitor their health. Hughes
and its Santa Barbara Research Center subsidiary built the mapper for NASA.

"Diversification" characterizes Hughes Industrial Electronics Group, located in
the Southern California communities of Carlsbad, Irvine, Newport Beach, Sylmar,
and Torrance. Our facilities are like small companies with 500 to 2,500 employ-
ees, but each offers the resources and benefits of a multibillion-dollar company.
Our diverse technologies include silicon and GaAs semiconductors, fiber optics,
microwave and millimeter-wave communications, microprocessors, lasers, and solar
cells. Send your resume to B.E. Price, Hughes Industrial Electronics Group,
Dept. SE, P.0. Box 2999, Torrance, CA 90509. Equal opportunity employer.

Creating a new world with electronics
T i e S s S S S A

. HUGHES |

L ooooomooooconnsoooos 4
HUGHES AIRCRAFT COMPANY

For additional information please write to*
PO Box 11803. Marina del Rey, CA 90295
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Labor-intensive Agriculture

The $18-billion U.S. fruit and vegetable industry 1s increasingly

relrant on illegal-immigrant labor. By postponing mechanization

it 1s becoming vulnerable to cheaper produce from other countries

griculture is the largest single indus-

try in the U.S., employing 4 per-

cent of the labor force and gener-

ating 4 percent of the gross national
product. The enterprise consists of 2.5
million farms that combine family labor
and hired labor, land and water, seed
and fertilizer, and energy and machin-
ery to produce livestock and commodi-
ties worth nearly $150 billion per year.
The U.S. food system is the envy of the
world because it provides a wide variety
of foods to consumers at low cost. The
average family in the U.S. spends about
17 percent of its disposable income on
food, whereas in Europe 25 percent is
common and in developing countries
the fraction can go as high as two-thirds.
Most farms in the U.S. are diversified
operations where the farmer and his
family plant and harvest several crops
and tend livestock as well, all without
any help from hired farm workers. Sev-
enty percent of the nation’s farm work is
done by farmers; only the remainder is
done by hired workers. Another part of
the picture, however, is that 5 percent of
the farms produce half of the nation’s
food and fiber, and it is these commer-
cial farms that employ most of the hired
workers. Many of the commercial farms
that grow fruit, vegetables and nursery
products—all labor-intensive crops—re-
semble nonfarm businesses, with hired
managers and up to several thousand
seasonal workers to do the farm work.
These seasonal farm employees are in-
creasingly illegal aliens or undocument-
ed workers (people working in the U.S.
without proper authorization). Agri-
culture’s growing dependence on alien
workers runs counter to U.S. law and
policy, retards the pace of the labor-
saving technological changes that have
made the rest of U.S. agriculture a para-
digm of efficiency and sends the wrong
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by Philip L. Martin

signal to farmers who face increased in-
ternational competition. The continued
availability of alien workers discourag-
es farmers from making necessary la-
bor and production changes, thereby in-
creasing their vulnerability to foreign
competition.

The annual farm-wage bill of $12 bil-
lion is divided into thirds: one-third is
paid to workers on farms that produce
fruit and vegetables, one-third to work-
ers in field crops such as wheat, corn and
cotton, and one-third to livestock work-
ers. Livestock farms have few problems
getting year-round salaried workers,
and most field-crop farms can find as
many seasonal equipment operators as
they need. The major problems of farm
labor arise in the $18-billion fruit, vege-
table and nursery industry, which hires
more than one million seasonal farm
workers and usually pays thes® pniece-
work harvest wages, for example 40
cents per bushel of apples.

Fruit and vegetable farms need work-
ers for several weeks or months.
Across the U.S. three times more farm
workers are required for the harvests of
September than are required for the
winter tasks of January. Most fruit and
vegetable farms grow only one or two
commodities, thus increasing the ratio
between peak and trough seasonal em-
ployment to as much as 20 : 1. The farm-
labor market must match more than a
million seasonal workers annually with
farm jobs of short duration and must do
so under conditions that include many
workers who do not speak English, few
incentives such as seniority and fringe
benefits to hold workers to a particular
farm, and perishable crops that may be
lost if the harvest is delayed.

Most fruit and vegetable farms re-
cruit hundreds and sometimes thou-
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sands of workers who are willing to be
employed on one farm for a short time
and then to look for another seasonal
job. Traditionally the task of stringing
together a series of farm-labor jobs has
fallen on the worker. Since many sea-
sonal farm workers speak little English,
bilingual farm-labor contractors and
other intermediaries such as employ-
er associations and hiring halls have
emerged to recruit, supervise and pay
farm-worker crews that are moved from
farm to farm. Seasonality, the contrac-
tor system and piecework wages have
fostered a condition in which workers
and jobs are interchangeable: farmers
know the piecework cost of harvesting,
and so they are indifferent about who
picks their crops; since piecework wages
are quite uniform, workers do not care
who owns the field they are working in.

Debates over farm labor would leave
less room for contradictory assertions if
farm-labor statistics could provide an
accurate profile of the workers. Unfor-
tunately the statistics are incomplete
and unreliable, with the result that each
data series provides a glimpse of a
scene that remains obscure in its details.
This obscurity allows contradictory as-
sertions to coexist: most seasonal farm
workers are American students; most
seasonal farm workers are illegal Mexi-
cans, proving that Americans will not do
farm work.

The profile that emerges from the sta-
tistics of the Department of Agriculture
is that the typical hired farm worker is a
22-year-old white male college student
who does one month of farm work dur-
ing the summer. Since even department
spokesmen testify in Congress that an
immigration reform reducing the avail-
ability of alien farm workers would dis-
rupt the fruit and vegetable industry,
one can infer that the department’s sta-



tistics systematically undercount sea-
sonal fruit and vegetable workers.

There are two major sources of farm-
labor data. Each July the Department
of Agriculture asks farmers how many
workers are employed, what they are
paid and what fringe benefits they re-
ceive. Every other December the de-
partment pays the Bureau of the Census
to attach farm-labor questions to the
monthly Current Population Survey,
which is the source of the national fig-
ures on employment and unemploy-
ment. About 1,500 of the households in
the survey include at least one farm
worker, and the responses from this
group serve to generate a profile of farm
workers.

MANUAL LABORERS pick green peppers on a farm in Gilroy,
Calif. Like most fruits and vegetables intended to be sold fresh, the

The July survey estimates the em-
ployment of farm workers, that is, the
number employed during the week of
the survey. The December survey esti-
mates the hired farm work force, that
is, the number of people who did farm
work for wages sometime during the
year. An industry’s total work force is
always larger than employment because
of turnover among workers.

The Department of Agriculture re-
ports that the average employment of
farm workers is about 1.3 million

throughout the year and that the total
farm work force is about 2.5 million.
The implication is that a farmer must
normally hire two workers during the
year to keep one job slot filled. Since the
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workers on many livestock and field-
crop farms are employed year-round, a
reasonable assumption is that the turn-
over is highest on the fruit and vegetable
farms hiring seasonal workers. Indeed,
some farmers have reported hiring 200
workers in one month to maintain a 20-
person harvest crew; at an annual rate
this would be 120 workers to keep one
job slot filled for 12 months.

Such an extreme turnover precludes
a clear picture of who does farm
work. The employment survey of July,
1982, reported that 1.8 million workers
were employed on 475,000 farms, earn-
ing an average of $3.96 per hour. Farm-
ers reported that they provided fringe

green peppers must be picked by hand; mechanization extends most-
ly to fruits and vegetables that are processed before they are sold.
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U.S. LABOR
FORCE =
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COMPONENTS OF EMPLOYMENT are analyzed. Of 95.9 million people employed in the
U.S. in 1980 some 17.6 million, or 18.3 percent, were in the food system (color). That group is
further analyzed in the chart at the right. Food processing and distribution accounted for 13.8
million workers, or 78.5 percent of the food-system work force, farming (gray) for 3.3 million
(about 19 percent) and farm inputs such as seed and fertilizer (black) for 411,000 (2.3 percent).

benefits such as housing, meals and
transportation to 45 percent of their em-
ployees, although the actual value of
these benefits ranged from a carton of
the crop being harvested to free room
and board. An “average” farm worker
employed during the week of July 11-
17, 1982, worked 35.3 hours at $3.96 per
hour, a weekly wage of $139.79. (In
1982 the average wage of production
workers in industry was $7.89 per hour.)

The work-force survey in December,
1981, estimated that 2.5 million peo-
ple did farm work for wages sometime
during the year. They were (according
to the survey) mostly white (73 per-
cent), male (77 percent), young (55 per-
cent under age 25) and poorly educat-
ed (median 11 years). Most respondents
worked for only a short time in agricul-
ture, 73 percent of them for fewer than

150 days. The people who worked more
than that constituted only 26 percent
of the farm work force but did three-
fourths of all the farm work done by
hired hands. Migrants (people who cross
county or state lines and stay away from
home at least overnight to do farm
work) made up only 5 percent of the
total work force. According to this sur-
vey, the average farm worker in 1981
earned $27 per day for 98 days of farm
work, or $2,659 from agriculture.

The picture derived from these statis-
tics on the work force is distorted be-
cause the ‘“average” characteristics are
determined by the large number of stu-
dents who do a few days or weeks of
farm work in the summer and are easy to
find in December. Indeed, the data indi-
cate that 34 percent of the “farm work-
ers” were primarily students, consider-
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TREND IN FARM WORK between workers who are members of the family and workers
who are hired shows that although employment has declined in both categories, the fraction
of hired workers was significantly higher in 1980 (35 percent) than it was in 1910 (25 percent).
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ably more than the 28 percent whose pri-
mary activity was hired farm work.

Farm-labor data are the source of
much frustration to farmers, farm-
worker representatives and policymak-
ers. Notwithstanding the evidence that
the seasonal farm work force in the
Southwest is largely Mexican, the data
from the Department of Agriculture
would have it that young, white Ameri-
can men predominate. The people who
are skeptical of these statistics assert
that a survey conducted every other De-
cember will find students and will miss
the many Mexicans who leave the U.S.
during the winter months. Indeed, a sur-
vey in 1981 of 472 seasonal-farm-work-
er families in the Central Valley of Cali-
fornia found that more than 90 percent
of the workers were Mexicans and Mex-
ican-Americans. Most representatives
of farmers, farm workers and govern-
ment agencies say the work force of
from 700,000 to one million in the fruit
and vegetable industry consists largely
of Mexican nationals, many of whom
are working in the U.S. illegally.

Four kinds of aliens do seasonal farm
work: immigrants, border commut-
ers, H-2 workers (named for the section
of the Immigration and Naturalization
Act of 1952 that authorizes their entry)
and illegal residents. Immigrants are al-
iens admitted to live permanently in the
U.S. Although most of them settle in
urban areas, from 10 to 15 percent find
jobs in rural areas. Border commuters
are immigrants who maintain a home in
Mexico or Canada and commute daily
or seasonally to jobs in the U.S. There
are about 60,000 of them, many work-
ing on farms.

The H-2 program was enacted in
1952, when the separate bracero (manu-
al laborer) program was almost at its
peak. Under the H-2 section aliens are
admitted to the U.S. for temporary jobs
if unemployed U.S. citizens are not
available and if the employment of alien
workers will not adversely affect simi-
larly employed Americans. The agricul-
tural part of the program admits about
15,000 aliens annually for farm jobs
that last from two to six months. H-2
workers cut sugarcane in Florida, pick
apples in the mid-Atlantic states, har-
vest citrus fruit in Arizona and herd
sheep in the West. Although they are
only a small fraction of the total season-
al farm work force, they are predomi-
nant in the areas where they work and in
the tasks they do.

The largest alien work force in agri-
culture consists of illegal aliens or un-
documented workers, who come primar-
ily from Mexico and other Latin-Amer-
ican countries. The bracero program,
which lasted for 22 years, admitted al-
most five million Mexican farm work-
ers to the U.S,; after it was terminated
in 1964 farmers obtained immigrant



status for many of their best workers.
The former braceros who settled in the
U.S. and those who continued to com-
mute across the border developed effi-
cient networks that informed relatives
and friends about jobs in the U.S. and
provided advice on how to cross the
border illegally. The networks are still
in place and can deliver additional work-
ers to farmers in the U.S. on short no-
tice. A new network is created when-
ever a venturesome or desperate worker
leaves another one of Mexico’s 75,000
villages and finds work in the U.S.

The Simpson-Mazzoli bill on immi-
gration reform and control that is now
before Congress would (1) make it a
Federal crime to knowingly hire or em-
ploy an illegal alien, (2) grant amnesty
to certain aliens living illegally in the
U.S. and (3) modify the H-2 regulations
to make it easier for employers to get
alien farm workers. The assumptions
behind these three related changes are
that sanctions will reduce the influx of
illegal alien workers, that amnesty will
encourage some people to leave agricul-
ture for nonfarm jobs and that a modi-
fied H-2 program will be necessary to
prevent “disruptions” in agriculture.

The basic administrative question in
the H-2 program is simple: Where does
the duty of the farmer to hire an Ameri-
can work force stop and the obligation
of the Federal Government to open the
border start? Clearly if farmers have to
scour the U.S. looking for workers and
must offer high wages, transportation,
adequate housing, inexpensive food and
other amenities, they will find more
American workers and will need few-
er foreign ones. They will also have a
greater incentive to mechanize. On the
other hand, if farmers have few obliga-
tions inrecruitment, wages and housing,
they will find it easier and cheaper to
simply hire aliens. The H-2 program is
controversial because it is trying to
strike a balance between conflicting
goals: protecting American farm work-
ers and ensuring a plentiful supply of
low-cost farm labor.

he debate over the need for alien

workers in fruit and vegetable farm-
ing diverts attention from an unsettling
shadow on the horizon: competition
from other nations. The automobile in-
dustry faced a similar juncture in the
late 1960’s. In an affluent and health-
conscious society the demand for fruits
and vegetables is expanding, and farm-
ers envision continued expansion and
profits if the Federal Government does
not enact costly new labor regulations.
Just as the automobile industry waged
largely successful battles against air
bags and environmental controls that
diverted attention from increasing for-
eign competition, so fruit and vegetable
farmers are fighting to continue using
seasonal alien farm workers in order to
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ECONOMICS OF FARMING are indicated in these related charts of cash receipts (/efr) and
hired workers (right). In the chart of farm receipts the colored bars show the fraction of all
farms in each category and the gray bars show how the farms in each category shared in the
cash receipts. The biggest share of the income went to the largest farms. Similarly, in the chart
of hired workers the colored bars represent the percentage of all such workers in each category,
the gray bars the percentage of work they did. Year-round employees did most of the work.

compete with the fruits and vegetables
other nations are beginning to export in
quantity. Cheap labor benefits agricul-
ture in the short run, but it also helps
to blind farmers to the technological
changes they will have to make in order
to compete with foreign producers who
have access to even cheaper labor.

Products such as citrus fruits, straw-
berries and tomatoes require relatively
little land but a great deal of labor. The
cost of hand harvesting is 20 percent of
the price the farmer gets for oranges and
lemons and up to 40 percent of the price
for lettuce, strawberries and tomatoes.
The wages of farm workers in the U.S,,
however, are five times higher than they
are in Greece and 10 times higher than
they are in Mexico. As other nations ex-
pand their labor-intensive agriculture,
the already loud complaints by Ameri-
can farmers about Brazilian oranges,
Greek raisins, Mexican tomatoes and
Italian wine will intensify.

The increasing dependence of Ameri-
can fruit and vegetable farmers on alien
workers confronts policymakers with
two options: (1) preserve the status quo
by approving an open-ended temporary-
worker program or (2) encourage the
fruit and vegetable industry to mecha-
nize in order to limit its need for alien
farm workers. If the U.S. gradually re-
duced the supply of alien farm workers,
the production of labor-intensive com-
modities that cannot easily be mecha-
nized could be shifted abroad by re-
moving import barriers, thereby increas-
ing employment in Mexico and the
Caribbean basin and decreasing incen-
tives to migrate illegally to the U.S.
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Debates on farm labor often fail to
recognize these linkages of immigration,
trade and technology. Instead many
fruit and vegetable farmers believe the
optimal strategy is to preserve the status
quo with an open-ended temporary-
worker program. They recognize that
mechanization is inevitable, but they
want to decide when and how machin-
ery will replace workers instead of being
confronted with the sudden elimination
of traditional labor supplies. Organiza-
tions of farm workers oppose a tempo-
rary-worker program because they be-
lieve aliens selected from a huge pool of
foreign labor will always be preferred to
Americans, who are often the castoffs
of other labor markets. These organiza-
tions also oppose mechanization that
displaces farm workers.

Machines have taken the place of sea-
sonal workers in the fruit and vegetable
industry in an uneven pattern since re-
search on this kind of mechanization
was begun in the 1940’s. Most of the
root vegetables such as potatoes are
dug mechanically, some of the leafy
vegetables such as spinach and process-
ing cabbage are lifted and cut by ma-
chine, and a few of the field crops
such as pickling cucumbers and proc-
essing squash can be machine-harvest-
ed. Crops that are intended to be sold
fresh, however, still call for hand labor;
for example, most carrots and green on-
ions are still pulled and bunched by
hand, and iceberg lettuce, broccoli and
celery are hand-cut and hand-packed.
Strawberries, melons and most fresh-
market tomatoes are hand-picked.

Mechanization slowed in the 1970’s
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because workers were readily available.
Nevertheless, harvesting machines are
still being adopted by some farmers.
Grapes that are processed into wine
can be mechanically harvested by a ma-
chine operating over the row to shake
the grapes loose and catch them on con-
veyor belts. This machine is being modi-
fied to harvest the raisin grapes that are
now picked by hand. Most nut crops
such as almonds, pecans and walnuts
are harvested by a hydraulic arm that
grasps the tree trunk and shakes the
nuts to the ground, where they are swept
up by another machine. A tree shaker
with a padded catcher can harvest prune
plums, cling peaches, apples and tart
cherries, but the machine damages the
fruit so much that the crop must be
processed soon after harvesting.
Several of the crops that are now
picked by hand could be harvested me-
chanically if workers were not available;
among them are peaches, lettuce and
tomatoes. The mechanization of many
others will require the coordinated ef-
forts of plant scientists, engineers, grow-
ers and processors. Trees and plants that
yield uniformly ripening crops able to
withstand machine harvesting could
be developed. Growers would have to
prune or plant them in such a way as to
facilitate mechanical harvesting. Engi-
neers could improve the optical and la-
ser sorting devices that can sort the crop
in the field, thereby cutting costs, but
processors would have to schedule their
work precisely so that the harvested and
sorted produce would not deteriorate.
Equipment manufacturers and seed
companies could work with growers to
diffuse new technology on the one hand
and new plant varieties on the other.
The most plausible coordinator of

this systems approach to mechanization
is government, primarily through the es-
tablished land-grant universities. These
nonprofit institutions do the basic plant
and engineering research that growers,
processors and equipment manufactur-
ers do not undertake. Moreover, the ac-
ademic people who are engaged in this
work have enough influence on both
growers and processors to encourage
changes in the practices that impede
mechanization.

An increased role by the universi-
ties will be controversial, particularly
in California, where the University of
California is defending itself in a law-
suit brought by representatives of farm
workers. The suit charges that the uni-
versity’s research on mechanization is
biased in the direction of helping the op-
erators of large farms and undermining
farm-worker unions. Universities can
head off some of the controversy by
making clear the importance of mecha-
nization in preserving a profitable fruit
and vegetable industry and by taking
pains to avoid conflicts of interest in re-
search programs.

Public policy is trying to discourage
agriculture from using aliens by en-
acting laws and making regulations
forcing farmers to meet certain stan-
dards of recruitment, wages and work-
ing conditions. A better way to reduce
dependence on alien workers is to link
immigration reform to a plan for re-
structuring the fruit and vegetable in-
dustry. One way to forge such a link is
with an H-2 trust, which would levy a
tax on the wages earned by alien farm
workers and would apply the funds to
restructure the production of commodi-
ties that depend on alien workers.

Such a trust could be established for
each commodity whose growers asked
for alien workers. The amount of money
available to each trust would be deter-
mined by the level of the payroll tax and
the extent of the commodity’s depen-
dence on alien labor. One can arrive at
an estimate of what the level of taxation
might be by taking into account the fact
that farmers do not now have to pay the
Social Security tax of 6.7 percent or the
Federal unemployment-insurance tax
of .8 percent on the wages of H-2 work-
ers. In addition most states exempt those
wages from the state unemployment-in-
surance tax (ranging from 3 to 6 per-
cent) that farmers must pay on the wag-
es earned by most of the farm workers
who are U.S. citizens. These various ex-
emptions suggest an H-2 wage tax of
at least 10 percent. If a modified H-2
program admitted 300,000 alien farm
workers annually and the average work-
er earned $5,000 during the year, the
H-2 trusts would collect 10 percent of
$1.5 billion, or $150 million per year.

Farmers are familiar with the concept
of assessments to support commodity-
related research and promotion. Since
H-2 trusts could be established on a
commodity-by-commodity basis, ad-
ministrators familiar with the problems
associated with the particular commod-
ity could fine-tune the programs for
reducing dependence on alien labor,
choosing from a variety of options in-
cluding research on mechanization, the
training of workers and changes in proc-
essing. A commodity-specific H-2 trust
would create both a direct link between
a commodity’s dependence on alien
workers and the means to end that de-
pendence.

The U.S. Select Commission on Im-
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the chart at the left the colored bars show the number of farm work-
ers in each year, the gray bars the number who were hired workers.

58

HOURLY PAY (DOLLARS)
N w

1980 1982 1977

© 1983 SCIENTIFIC AMERICAN, INC

1

1980

1982

1978 1979

In the chart at the right the colored bars show wages paid at an hour-
ly rate, the gray bars piecework wages. The data are based on a sur-
vey made each July by the United States Department of Agriculture.



migration and Refugee Policy, which
studied the subject from 1979 to 1981,
recommended that no industry depend
indefinitely on alien workers. The com-
mission argued that such workers con-
stitute a subsidy to employers unable or
unwilling to attract American workers,
to mechanize or to produce abroad, and
it could find no justification for such a
subsidy just to maintain a given indus-
try in the U.S. If one accepts this rea-
soning, H-2 trusts would provide a way
of emphasizing the transitional nature
of alien farm workers in fruit and vege-
table agriculture.

Mechanization is not the only way to
reduce agriculture’s dependence on ali-
en workers. Intermediate back-saving
technologies such as conveyor belts to
eliminate heavy field bags and hydraulic
lifts to replace ladders and fruit bags
would help to encourage women and
older workers to harvest crops. Experi-
enced farm workers might prolong their
average of from five to 10 years in har-
vest work if more farmers and employ-
ment associations offered a series of jobs
that reduced unemployment.

he continued dependence of the $18-

billion fruit and vegetable industry
in the U.S. on alien farm workers for
handwork spells disaster in the long
run. The industry has two choices: it
can move toward mechanization, mean-
while trying to improve conditions for
handworkers by adopting modern per-
sonnel policies and installing equipment
that facilitates handwork, or it can ob-
tain access to a rotating pool of alien
farm workers with another program of
the bracero type. The second option
would imply an indefinite dependence
on an alien work force.

Few U.S. citizens will become season-
al hand-harvest workers at the prevail-
ing wages or even at higher wages be-
cause workers with options reject the
uncertainties of the seasonal farm-labor
market. The U.S. will have an American
work force in fruit and vegetable agri-
culture when that industry is mecha-
nized. The farmers who grow wheat,
corn and soybeans can find Americans
to operate their machinery, and the fruit
and vegetable farmers who have mech-
anized are having the same experience.

Mechanization is one answer to the
problems of productivity, labor and im-
migration in fruit and vegetable agricul-
ture. Without mechanization the U.S.
must both accept an isolated, alien-
dominated labor force for seasonal
handwork and erect trade barriers to
keep out produce grown abroad at even
lower wages. If farmers successfully op-
pose the immigrationreformsthat could
begin to alter this picture, they may win
the short-run battle over labor but will
lose the long-run war for survival in
theincreasinglycompetitive internation-
al fruit and vegetable economy.
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PRIMARY ACTIVITY of hired farm workers in 1981 was in many cases something other
than farm work. The data are based on a survey made every other December by the Bureau of
the Census. They have been challenged by representatives of farm workers as overemphasizing
the role of students, who can readily be found in December, and as underemphasizing the role
of alien workers, mainly from Mexico, who do not all remain in the U.S. during the winter.
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STARFIRE FUSION REACTOR emerged on paper from a two-year design study led by the
Argonne National Laboratory; it employs magnetic fields to confine a fusion plasma (a gas of
ionized deuterium and tritium, the heavy isotopes of hydrogen) inside a toroidal chamber. Two
cuts through the torus are shown. The left cut passes through one of the 12 superconducting
magnets that form hoops around the torus. Other superconducting magnets are concentric
with the torus. The right cut shows the equipment positioned between the hooping magnets.
Vacuum pumps remove the plasma, which makes contact only with a “limiter” protruding
through the “first wall” of the reactor. Pipes carry coolant to the first wall and a “blanket.”
Ducts guide radio-frequency waves through the blanket. The waves help to drive a current in
the plasma and also help to heat the plasma to a temperature of tens of millions of degrees. In
each fusion reaction deuterium and tritium combine to produce helium, a neutron and energy.
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The Engineering
of Magnetic Fusion Reactors

Design projects under way and experimental reactors now being

built will test the practicality of schemes for generating power

from the thermonuclear fusion of ions trapped by magnetic fields

The quest to tap the energy of nu-
clear fusion by employing mag-
netic fields to confine an ultrahot
plasma (an electrically neutral gas con-
sisting of charged particles) and gener-
ate electric power has been in progress
for more than three decades. It is now
approaching fruition. At a construction
cost of $314 million the U.S. has built
the torus-shaped Tokamak Fusion Test
Reactor (TFTR), which began operating
last December at the Plasma Physics
Laboratory in Princeton, N.J. The Eu-
ropean Economic Community is build-
ing the Joint European Torus, also
called the JET tokamak, at the Culham
Laboratory near Oxford. Initial opera-
tion has recently begun. A comparable
device, the JT-60 tokamak, is being built
in Japan; operation is expected in 1985.
Together these three reactors represent
a worldwide investment of more than
$2 billion. The experimental campaigns
planned at TFTR and JET will culminate
in 1986 with the “burning” of a deuteri-
um-tritium mixture. (Deuterium and tri-
tium are the heavy isotopes of hydro-
gen: H-2 and H-3. They are also the fuel
that a commercial power-generating re-
actor will consume.) The JT-60 will con-
sume only deuterium and the abundant,
light isotope of hydrogen: H-1.

An alternative to the toroidal confine-
ment scheme of a tokamak is also being
explored. In the U.S. the Mirror Fusion
Test Facility B (MFTF-B) is under con-
struction at the Lawrence Livermore
National Laboratory in California. It
is a tandem mirror, a device in which
a plasma is confined by magnetic and
electrostatic barriers at each end of a
linear sequence of magnets. At a poten-
tial construction cost of $209 million, it
is scheduled for operation in 1986. The
aim of MFTF-B is to confine a deuterium
plasma under conditions approximating
those required for a commercial tan-
dem-mirror reactor. In this sense the
MFTF-B will test the scientific feasibility
of the tandem-mirror approach. In or-

by Robert W. Conn

der to minimize its consumption of elec-
tricity the MFTF-B is being constructed
with superconducting magnets. An im-
portant set of coils, a pair of C-shaped
magnets called a yin-yang configura-
tion, has already been built and success-
fully tested. Two large tokamaks, the 7-
15 in the U.S.S.R., scheduled for com-
pletion by 1986, and the TORE-SUPRA in
France, scheduled for completion in
1988, will also have superconducting
magnets.

The decisions to construct these ma-
jor experimental machines were taken in
the 1970’s in recognition of three key
factors. First, there had been (and con-
tinues to be) a series of remarkable
achievements in magnetic-confinement
research. Second, the vulnerability of
the industrialized world to interruptions
in its energy supply had been amply
demonstrated by events such as the
Organization of Petroleum Exporting
Countries (OPEC) embargo of 1973.
Third, there arose an awareness of pos-
sible limits to both the amount and the
use of fossil fuels. In the 1980’s, then,
the fusion experiments will get under
way, and if they perform as expected,
the scientific feasibility of a magnetic
fusion reactor will be established. Still, a
question will remain. Is magnetic fusion
practical in terms of engineering, eco-
nomics and safety?

he fusion reaction between deuteri-

um and tritium requires that a strin-
gent condition be met: the electrostatic
repulsion between the deuterium and
tritium nuclei (deuterons and tritons),
which each have one unit of positive
electric charge, must be overcome by
making the relative speed of the two
equivalent to an energy of about 100,-
000 electron volts (100 keV). A gas
of deuterium and tritium has a broad
distribution of energies; hence an aver-
age of 5 keV is enough for the gas to
sustain its thermonuclear burning. That
corresponds, however, to a temperature
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of 58 million degrees Celsius. At such a
temperature electrons are not bound to
nuclei, giving rise to the fusion plasma.

Each fusion reaction produces an
energetic helium-4 nucleus (an alpha
particle) and a high-velocity neutron.
Because the neutron is electrically un-
charged, it escapes from the plasma.
The alpha particle does not escape; its
positive charge of two units means it is
trapped by the same magnetic field that
serves to confine the plasma. With an
energy of 3,520 keV it is much more
energetic than the particles in the plas-
ma, and so as it is slowed by collisions it
gives its excess energy to the deuterons
and tritons, thereby helping to maintain
their temperature.

The necessary condition for the plas-
ma to sustain its own thermonuclear
burning—in a word, the requirement for
ignition—is that the ‘“‘confinement pa-
rameter,” the product of plasma density
(in particles per cubic centimeter) and
average energy-leakage time (in sec-
onds), exceed 3 X 1014, If the confine-
ment parameter is less than that val-
ue, the plasma’s temperature cannot be
maintained without auxiliary heating.
The plasma can nonetheless yield ener-
gy. In effect it can act as a high-gain
amplifier of the auxiliary power. The
measure of the gain is the Q value, where
Q is the ratio of the fusion power pro-
duced to the power injected to sustain
the plasma temperature. At ignition Q
becomes infinite. A reactor with finite Q
is termed a driven machine because its
fusion rate responds to changes in the
auxiliary power input.

How should the plasma be confined?
The broadest classification of magnet-
ic confinement schemes depends on
whether the magnetic lines of force are
closed or open. Field lines that define a
torus-shaped volume are the basic ex-
ample of the former. Each charged par-
ticle in the plasma is locked to one of the
lines. Specifically, it gyrates around the
line but is free to move along it, thus
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describing a corkscrew trajectory. Since
the line meets itself, the particle is
trapped. Intheearlyapproachcalled the
stellarator the lines are produced entire-
ly by coils outside the plasma. The plas-
ma, once it ignites, can burn without ex-
ternal infusion of energy, and so the Qis
infinite. In another approach, the toka-
mak, the lines are produced in part by
external coils and in part by an electric
current induced to flow in the plasma

itself. In essence some of the external
coils employed in a stellarator are re-
placed by a set of coils that act as the
primary windings of a direct-current
transformer. The plasma acts as a one-
turn secondary winding.

Unfortunately a transformer cannot
drive current in the secondary in one
direction continuously because the cur-
rent in the primary would then have to
increase indefinitely. The transformer
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ENGINEERING PRINCIPLES common to all magnetic fusion reactors are diagrammed. A
magnetic field must confine the fusion plasma; an auxiliary heating system must help to raise
its temperature; a fuel-recycling system must keep it pure and well supplied with thermonu-
clear fuel. The heat the plasma releases must be withstood by the first wall of the reactor. The
neutrons the plasma releases must penetrate into the blanket, where the energy the neutrons
deposit must be transferred (in the form of heat) to a coolant. In turn the coolant can generate
steam, the steam can drive turbines and the turbines can generate electricity. Nuclear reactions
in the blanket must also “breed” tritium, which is radioactive and is extremely rare in nature.
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must thus be reset, and so the thermonu-
clear “burn” must be allowed to termi-
nate periodically. Present estimates call
for tokamak reactors to produce energy
in pulses lasting for about 1,000 seconds
with pauses of from 30 to 60 seconds.
An energy-storage system would en-
sure a continuous supply of power to
the turbines generating electricity in a
commercial reactor installation, but the
pauses would clearly impose design lim-
itations on reactor components because
of an increase in cyclic fatigue.

ther ways to drive a tokamak’s plas-
ma current are therefore being in-
vestigated. If they are successful, they
will enable tokamaks to operate steadi-
ly, or at least in very long pulses, on the
order of one day. The most promising
idea is to launch unidirectional radio-
frequency (R.F.) waves into the plas-
ma at a frequency of about three bil-
lion hertz. The waves’ momentum can
be transferred to the electrons, pushing
them along the magnetic field and there-
by driving electric current. Experiments
at the Massachusetts Institute of Tech-
nology and at Princeton University
have demonstrated the process. The key
question is whether it works efficiently
at the density of a fusion plasma. Theo-
retical estimates give values of from 10
to 20 for the Q of a reactor with R.F.
current drive. A Q of 20 is about as low
as one can accept for a commercial tok-
amak reactor.

In the second broad class of magnetic
confinement schemes the field lines are
open. The most basic configuration is a
single-cell magnetic mirror. Here a set
of magnets produces a field that has
two peaks in its strength. Each peak is
a “bottleneck” region, where the lines
of force are close together. Consider a
charged particle locked to one of the
lines somewhere between the two peaks.
As the particle approaches either peak it
must continue to conserve energy and
angular momentum; thus its energy (and
motion) parallel to the field is converted
into energy (and motion) perpendicular
to the field. The motion parallel to the
field can actually be reversed, so that the
particle is trapped between the peaks.

A single-cell magnetic mirror is not
a perfect container: particles colliding
and scattering off one another can leak
through the throat of a bottleneck. Elec-
trons scatter much more rapidly than
ions and therefore leak out faster. As a
result the remaining plasma develops
a positive electrostatic potential, which
reduces the further flow of electrons just
enough so that the currents of electrons
and ions match. To sustain the density
of ions, beams of neutral atoms at an
energy of some 200 keV could be inject-
ed into the plasma. The neutral atoms
would pass through the magnetic field
unaffected and be ionized and trapped



when they collided with the plasma’s
electrons. The Q of a single-cell magnet-
ic mirror sustained in this way is calcu-
lated, however, to be only about 1.
Alternatively two mirror cells can be
connected magnetically to form a tan-
dem mirror. The peak of electrostat-
ic potential in each cell now acts as a
“plug” to trap ions electrostatically in
a central valley of potential between
the mirror cells. Meanwhile a smaller
but deeper valley inside each mirror cell
serves to isolate the electrons in the cells
from those in the central valley. This
barrier allows the mirror-cell electrons
to be heated to a high energy, thus creat-
ing the mirror-cell potentials quite effi-
ciently. The electrons are heated by R.F.
waves whose frequency, typically from
30 to 100 billion hertz, matches the elec-
troncyclotron frequency (the frequency
at which electrons gyrate around mag-
netic field lines in the plasma). The heat-
ing of end-cell electrons and the plug-
ging of central-cell ions have both been
demonstrated recently at Livermore.
Energy is required continuously to
sustain the mirror-cell plasmas in a tan-
dem mirror. Estimates are that its Q
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is between 10 and 30. It is important
to note, however, that the energy of
charged particles that do leak from the
ends of the reactor can be recovered by
directing the particles into devices that
are in essence the reverse of particle ac-
celerators. The production of electricity
by such “direct convertors” (to supple-
ment the power produced by the fusion
reactions) can be 50 percent more effi-
cient than the production of electricity
by heating water and directing steam
into a turbine. The estimates suggest
that the minimum Qrequired of a prac-
tical tandem-mirror reactor is roughly
10, or about half the minimum Q re-
quired of a practical tokamak.

Investigations into the engineering
practicality of fusion reactdrs began
in earnest about 10 years ago. There
were at least two motivations. One was
to determine the dimensions of the more
difficult engineering problems. The re-
sults often served as a guide to specific
further research. The second was to
make it clear that certain aspects of the
physics of a reactor may compromise
the engineering of a particular scheme
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of confinement. The results often en-
couraged ideas in physics that helped
to mitigate the engineering problems.

The main engineering features of
magnetic fusion reactors are common to
all confinement schemes. In the first
place, most concepts for magnetic fu-
sion reactors call for superconducting
magnets to minimize the power required
to maintain the magnetic field. Typical-
ly a field strength of 50,000 gauss is
needed over a volume of from 3,000 to
10,000 cubic meters. (The average value
of the earth’s magnetic field is about half
a gauss.) If nonsuperconducting mag-
nets were used, the power consumed by
the magnets would exceed the reactor’s
output.

Superconductivity is a property that
is shared by many metals and alloys.
Basically a phase transition takes place
when the material is cooled below some
critical temperature, so that the electric
resistivity of the material drops to zero.
In practical alloys such as niobium-ti-
tanium in a ratio of one to one or niobi-
um-tin in a ratio of three to one, super-
conductivity occurs at temperatures
less than 20 degrees Kelvin (degrees C.

TOROIDAL-FIELD
MAGNET

TOKAMAK scheme of plasma confinement is the one employed in
STARFIRE. It requires three groups of magnets. Toroidal-field magnets
set up a field whose lines of force are concentric with the torus formed
by the plasma. Ohmic-heating magnets act as the primary turns of a
transformer; they induce an electric current in the secondary turn,
which is the plasma itself. The current heats the plasma. In addition
it sets up a poloidal magnetic field: a field whose lines of force are

loops at right angles to the toroidal field. Poloidal-field magnets con-
tribute some of the transformer action. In addition they set up a mag-
netic field whose vertical lines of force counteract the plasma’s tend-
ency to spring outward from a torus. The net magnetic field consists
of helical lines of force. Each charged particle in the plasma gyrates
around a line and advances along it, but since each line is closed (it
meets itself after a few turns around the torus) the particle is trapped.
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above absolute zero). The alloy is made
into filaments, which are twisted togeth-
er in groups and embedded in a copper
matrix. The resulting conductor is then
set in additional copper in order to stabi-
lize it and to ensure that the magnet will
continue working even if some malfunc-
tion causes the loss of superconductiv-
ity. A typical current density is from
20,000 to 40,000 amperes per square
centimeter. Layers of conductor are
generally interleaved with stainless steel
supports; layers of insulation intervene
between the two. The interleaving is sur-
rounded by a stainless steel dewar, or
cooling vessel.

The coolant is liquid helium, which
boils at 4.2 degrees K. A common ap-
proach is to provide passages for the he-
lium so that the conductor makes con-
tact with a helium bath. Heat generated
in the conductor causes the helium to
boil, and the resulting vapor carries the
heat away. The vapor is then condensed
in a refrigerator. A modern liquid-he-
lium refrigerator requires about 500
watts of power to remove one watt of
heat deposited at 4.2 degrees K. Never-
theless, the consumption of power by
the magnet refrigerators in a reactor
generating a million kilowatts of elec-
tricity is expected to be modest, on the
order of 10,000 kilowatts.

A substantial part of the magnet-de-
sign problem 1is structural. Supercon-
ducting magnet coils can be regarded as
large pressure vessels containing the en-
ergy stored in the magnetic field. In tok-
amaks and tandem mirrors the amount
of energy is from 50 to 100 billion
joules. The forces arising from that stor-
age are both in the plane of the coil and
across it. In a tokamak, for example, the
toroidal component of the magnetic
field (that is, the component concentric
with the torus) is produced by circular
or D-shaped coils through which the to-
roidal plasma passes. The in-plane load
produces a radial force oneach coil that
amounts to about 15,000 pounds per
square inch; it places the coil in ten-
sion. Meanwhile an out-of-plane load
that varies with position acts to over-
turn the coil.

There is every indication that the in-
vestment made so far to develop stable,
steady-state superconducting magnets
will make such magnets available when
fusion reactors need them. Magnets
generating fields that change over time
at rates as high as 10,000 gauss per sec-
ond present more difficult problems.
The changing fields entail time-varying
forces and also induce eddy currents in
the coil casings. The eddy currents dissi-
pate as heat in the helium coolant and
add to the refrigeration load. Will reac-
tors need time-varying fields? Tandem-
mirror reactors will not, but tokamaks
might, unless radio-frequency waves
prove capable of driving the plasma cur-
rent up to its operating value. Here,
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then, is an instance in which the out-
come of physics experiments will pro-
foundly influence the technology (per-
haps even the engineering feasibility) of
a confinement scheme.

Asecond engineering feature common
to all confinement schemes is that
auxiliary heating is required to raise
the temperature of the plasma. If the
plasma carries a current, the resistive
heating will help but will generally be in-
sufficient. The two commonest auxilia-
ry-heating techniques employ radio-fre-
quency waves or intense beams of high-
energy neutral atoms or molecules.

Radio-frequency heating occurs when
electromagnetic or electrostatic R.F.
waves are converted into thermal ener-
gy by a resonant interaction between the
waves and the plasma particles. Three
frequency regimes are receiving much
attention. The first ranges from 50 to
100 megahertz, where the wave fre-
quency matches the ion cyclotron fre-
quency or one of its harmonics. The sec-
ond ranges from one to three gigahertz,
where the wave frequency matches the
frequency of fluctuations in the density
of ions in the plasma. The third ranges
from 50 to 100 gigahertz, where the
wave frequency matches the electron
cyclotron frequency.

All R.F. heating systems are in es-
sence transmitting stations. They in-
clude an R.F. source, an amplifier, a
transmission line and a launching struc-
ture at or inside the plasma-chamber
wall. The source and the amplifier are
tubes, klystrons or masers, depending on
the frequency regime; the transmission
line is a coaxial cable or a waveguide;
the launcher is an antenna or a wave-
guide. The launcher must be hardened
against damage from the neutrons and
other forms of radiation emitted by the
plasma. In addition a dielectric window
must be interposed in the transmission
line to pass the waves while prevent-
ing tritium, which is radioactive, from
streaming into the system.

Intense beams of high-energy neutral
particles (atoms or molecules) are the
alternative method of plasma heating.
In some schemes, such as tandem-mir-
ror reactors, they are essential. The neu-
tral particles move unaffected through
the reactor’s magnetic field and are ion-
ized and trapped by collisions with the
plasma’s ions and electrons. The plasma
is then heated as the fast ions are slowed
by further collisions. The beam itself be-
gins as a plasma produced by an R.F.
plasma generator or by a high-current
discharge. It is typically ionized hydro-
gen and deuterium atoms, with a signifi-
cant admixture of diatomic and triatom-
ic ionized molecules. The plasma is ac-
celerated in one or more stages by a
series of metal grids that must be con-
tinuously cooled and must not distort the
beam. The objective is to produce parti-
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cles moving parallel to one another at a
single velocity.

Next the particles are neutralized by
passing the beam through a chamber
containing cold neutral hydrogen or
deuterium gas. The ions cach pick up an
electron from a cold neutral atom in
what are called charge-exchange reac-
tions. The cold neutral atoms, which
have now become ions, drift to a wall of
the chamber and are collected. Mean-
while the beam passes into a drift tube.
The small fraction of ions remaining in
the beam is deflected by a magnet. The
main beam, consisting of neutral at-
oms, passes across the reactor’s mag-
netic field and into the plasma.

he technology of neutral-beam sys-

tems is made difficult by the combi-
nation of energy, power and current that
fusion reactors will require. For ade-
quate penetration of the beam into the
fusion plasma the beam’s energy will
have to be 100 to 200 kilovolts. And
since the heating of the plasma may re-
quire as much as 100 megawatts a beam
of, say, 200-kilovolt particles will have
to transport the particles at a rate equiv-
alent to a current of 500 amperes and at
a current density equivalent to about
one ampere per square centimeter. Such
needs are enormous in comparison with
the attributes of ordinary particle accel-
erators in the laboratory, whose current
at 200 kilovolts is measured in thou-
sandths of an ampere.

TRANSITION-FIELD
MAGNETS

PLASMA

\, YIN-YANG
MAGNETS

TANDEM MIRROR scheme of plasma con-
finement is an alternative to the tokamak. It
relies in part on magnetic fields, in part on the



Nevertheless, the progress in neutral-
beam engineering has been truly re-
markable. Neutral-beam systems de-
veloped in the early 1970’s at the Oak
Ridge National Laboratory and the
Lawrence Berkeley Laboratory deliv-
ered about 100 kilowatts of power in a
beam with an energy of about 10 kilo-
volts. The pulse length was very short:
less than .05 second. Today beam sys-
tems on test stands deliver 10,000 kilo-
watts of power at an energy greater than
100 kilovolts for periods approaching
half a minute.

The heat deposited in the plasma by
the auxiliary heating system must even-
tually come back out, accompanied by
the heat that alpha particles have trans-
ferred to the plasma. The rate can be
predicted: in a reactor intended to gener-
ate perhaps 1.2 million kilowatts of elec-
tricity it will be between .5 and one mil-
lion kilowatts. Clearly the engineering
of the components surrounding the plas-
ma to handle heat is a major concern.

The heat losses will take several
forms. For example, electromagnetic
radiation (primarily X rays) will be
emitted by the plasma. Impurity atoms
in the plasma can greatly increase the
rate of such radiation; hence attention is
being given to maintaining the purity of
the plasma and minimizing the erosion
of the first wall (the inner surface of the
plasma vessel) and the various in-vessel
structures. In open-ended designs such
as tandem mirrors charged particles are

MAGNETS

CHOKE-FIELD
MAGNET

electrostatic field arising from the distribution of electric charge in
the plasma. Here the required magnets are shown. Ring-shaped mag-
nets surround a central cell of plasma. Then at each side of the cell is

CENTRAL-CELL

lost primarily from the ends of the plas-
ma; they can be handled at a place re-
mote from the plasma vessel.

In toroidal reactors the situation is
different: charged particles diffusing ra-
dially outward from the center of the
plasma represent the major loss. Such
particles will interact with a limiter, a
specially designed device capable of
handling a heat loading as great as 10
million watts per square meter. Situated
inside the first wall, it is a material con-
tact point for the plasma. In some de-
signs a special magnetic-field configura-
tion will divert plasma particles, and
the heat they carry, from the plasma
vessel to a “divertor region,” where the
heat can be removed from the reactor
by collector plates and the backstream-
ing of neutral gas and impurities can be
minimized.

The related problem of first-wall ero-
sion under the impact of plasma parti-
cles has been controlled inrecent experi-
ments by making the limiter out of ma-
terials such as graphite (carbon) that
have a low atomic number. (The emis-
sion of radiation by impurities in a plas-
ma tends to increase with increasing
atomic number.) Chemical reactions be-
tween hydrogen and carbon, however,
are likely to prevent the use of graphite
inside the first wall of areactor. Workers
at the Sandia National Laboratory and
elsewhere are developing special mate-
rials such as silicon carbide and titanium
carbide for use as coating on compo-
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nents that must withstand both a heat
flux and a plasma-ion bombardment.

I come now to the production of power
by the reactor. Only a fifth of the en-
ergy released in the reaction of a deuter-
on and a triton is taken away by an al-
pha particle. The remaining four-fifths
is taken away by a 14-million-electron-
volt (14 MeV) neutron, which flies free-
ly out of the plasma, into the first wall
and the surrounding region: the blanket.
The blanket has two functions. First,
it recovers the neutron’s energy. A 14-
MeV neutron typically travels about 10
centimeters between collisions with the
nuclei of solids or liquids. At each colli-
sion the neutron transfers energy to the
target atom, its trajectory is changed
and heat is deposited locally in the blan-
ket. Coolant flowing through the blan-
ket removes the heat and transports it to
a relatively conventional power plant
consisting of heat exchangers, steam
generators and turbines. The neutron
can also be absorbed by a nucleus, trans-
forming the atom into one that may be
stable or radioactive. The neutron flux
attenuates with distance from the first
wall; hence the blanket is typically 60 to
80 centimeters thick. Neutrons leaking
from the back of the blanket are cap-
tured by a shield designed primarily to
protect the superconducting magnets
from radiation damage and excessive
heating.

The second function of the blanket is

a choke-field magnet, a pair of transition-field magnets and a pair of
magnets in what is known as a yin-yang configuration. The scale to-
ward the right matches the scale in the chart on the following page.
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to make fuel for the reactor. Deuterium
is plentiful (it is found at a ratio of about
one part in 5,000 in ordinary water), but
tritium is radioactive, with a half-life of
12.35 years, and so it is not abundant in
nature. (Minute amounts of it are pro-
duced by cosmic-ray reactions in the up-
per atmosphere.) Fortunately tritium
can be “bred.” Specifically, the 14-MeV
neutron produced in the fusion reaction
can be used to induce nuclear reactions
with the two naturally occurring iso-
topes of lithium: lithium 6 and lithium 7.
Neutrons of any energy can be captured
by lithium 6 to produce tritium and heli-
um; neutrons with an energy greater
than 2.87 MeV can be captured by lithi-
um 7 to produce tritium, helium and an-
other, slower neutron. The breeding ra-
tio of the reactor (the number of tritons

produced per triton consumed) depends
on details of the design, but it can be as
high as 1.5.

The ingredients of a blanket design
are thus the structure, the coolant and
the tritium-breeding material. Leading
candidates for the structure are stainless
steels, ferritic or high-manganese steels
and vanadium alloys. Leading candi-
dates for the coolant are water, a gas
(such as helium) or a liquid metal. The
leading liquid metals are lithium and
lithium-lead compounds and eutectics.
Liquid lithium is attractive because it
has a low melting point (186 degrees C.),
excellent heat-transfer properties, good
chemical compatibility with most struc-
tural alloys and acts simultaneously as
the tritium-breeding material.

The tritium could be recovered from
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FIELD STRENGTH AND ELECTRIC POTENTIAL at each end of a tandem-mirror reac-
tor result from magnets, from the heating of the plasma by beams of high-energy electrically
neutral particles and from the pumping of ions out of certain regions of the plasma. The charts
show the strength of the magnetic field and the electrostatic potential toward either end of a
tandem mirror. Ionized atoms in the plasma tend to be trapped in the central cell by the mag-
netic peak at the choke magnet. In essence they are reflected by a bottleneck in the magnetic
field. The bottleneck acts as a mirror. The ions that do get through the mirror tend to bounce
off the electrostatic peak inside the yin-yang configuration. Electrons in the plasma tend to
be repelled as they approach either side of the electrostatic valley inside the transitional re-
gion. The electrons isolated electrostatically in the end cell can thus be heated efficiently.
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a side stream of the lithium. Since it
would be in the form of lithium tritide,
one recovery method would be to bring
the side stream into contact with an
equal volume of a molten salt such as
a mixture of lithium fluoride, lithium
chloride and lithium bromide. The lithi-
um tritide would tend to pass into the
salt, but the two are readily separated
because the lithium tritide is three to
four times lighter. The tritium is then
recovered by electrolysis. The overall
process is a simplified version of the
molten-salt reprocessing technique that
was developed to reprocess fission-re-
actor fuel.

Ceramic compounds including lithi-
um oxide, lithium aluminate and lith-
ium silicate are alternative tritium-
breeding materials. Two of their advan-
tages are that the amount of lithium in
the reactor can be modest and that the
compound is chemically stable. On the
other hand, a breeding ratio greater than
one will be difficult to achieve. In lithi-
um aluminate (LiAlOy), for example,
aluminum and oxygen atoms compete
with the lithium to scatter neutrons or
absorb them. What is needed is a neu-
tron multiplier. Positioned in the blan-
ket just behind the first wall, it converts
one very fast neutron into two slower
neutrons by means of a nuclear reaction.
The best neutron multipliers are beryl-
lium and lead.

The recovery of tritium from a ce-
ramic is difficult since it relies on the
diffusion of tritium out of the solid. The
typical diffusion rate is low, and so the
ceramic must be fabricated in pellets
composed of grains whose size is on the
order of 10-3 millimeter. Yet the ceram-
ic must not sinter, even when its temper-
ature approaches or perhaps exceeds
1,000 degrees C. The tritium diffusing
from the ceramic would be transported
from the blanket in a purge stream of
helium gas flowing through the pellet
beds. Whether the breeder will perform
according to the design is a major ques-
tion likely to be answered only through
experimentation.

Certain engineering problems affect
several components of a reactor.
One such problem is neutron radiation
damage. When a neutron is scattered or
absorbed in a collision, some of its en-
ergy is transferred to the atom that it
struck. The atom recoils from the site of
the collision and displaces other atoms,
some of them permanently. These oth-
er atoms, which are called interstitials,
leave vacancies behind. The interstitials
can form loops, and so can the vacan-
cies. Indeed, the vacancies can form per-
manent voids, particularly if some agent
such as gas is present to stabilize them.
In the metallic components of a fusion
reactor gas is indeed produced. For ex-
ample, hydrogen and helium are pro-
duced when neutrons with an energy
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NEUTRAL-BEAM INJECTION is one way to heat a fusion plas-
ma. The particles in the beam (often deuterium atoms) are ionized
and accelerated. Then they capture electrons from cold deuterium

greater than about 5 MeV interact with
metal atoms. In the course of the inter-
actions some of the metal atoms can be
transformed into radioactive isotopes of
the same elements or different ones. Asa
result of all these changes the material’s
properties change. Commonly the mate-
rial hardens and loses ductility.

The flux of 14-MeV neutrons through
the first wall of a fusion reactor is mea-
sured in units of megawatts per square
meter. A flux of 4 X 1017 neutrons per
square meter per second represents a
wall loading of one megawatt per
square meter. The actual wall loading
may be from three to five times as great.
It is possible to calculate how many
times per year an atom in the wall will
be displaced from its site in the lattice
of a material for each megawatt-per-
square-meter load. The number is stag-
gering. In a stainless steel first wall every
atom will be displaced 10 to 20 times.
Since practically all the displaced atoms
come to rest at some vacant site, the
steel does not turn to jelly. The problem
is nonetheless clear. The same load will
also produce about 150 helium atoms
and 500 hydrogen atoms per million
metal atoms per year.

After plasma confinement the chang-
es in materials due to radiation damage
are perhaps the most challenging prob-
lem confronting the engineers of fusion
reactors. Research has begun with the
irradiation of metal samples in fission
reactors such as the High Flux Isotope
Reactor at Oak Ridge, which is designed
to produce great numbers of neutrons
having a wide spectrum of energies.
When the sample is an alloy including

nickel, thousands of helium atoms per
million metal atoms are produced, and
changes such as swelling and embrittle-
ment have been observed. A prelimi-
nary estimate is that the first wall and
the blanket in a working fusion reactor
would retain adequate properties for
from three to six years. The implication
is that fusion reactors must be designed
with a first wall and blanket that can
be replaced periodically throughout the
life of the plant. Clearly much further
research is needed. A special high-flux
14-MeV-neutron-source facility, the
Fusion Materials Irradiation Test, is
being considered for construction by
the U.S., possibly in collaboration with
Western European countries and Japan.
It will be an important part of a program
to develop adequate materials for fu-
sion reactors.

In both tokamaks and tandem mirrors
the rate of leakage of thermonuclear
fuel from the plasma is 10 to 20 times
greater than the rate of fuel consump-
tion. This makes fuel recovery and recy-
cling an imperative. The recovery is a
challenge because the pumping rate
must be high, ranging from one to 10
million liters per second, and the vacu-
um left behind in the reactor vessel must
be impressive, about 10-7 atmosphere.
Currently cryosorption pumps operat-
ing at the temperature of liquid helium
appear to be the best of the technical
alternatives.

Cryopumps include an array of mo-
lecular sieves that are cooled by liquid
helium to a temperature of 4 degrees K.
The sieves are surrounded by chevrons
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atoms, becoming neutral again. They can now cross a magnetic field,
enter the plasma and transfer energy by collisions. An alternative is to
heat the plasma with electromagnetic radiation at radio frequencies.

that are cooled by liquid nitrogen to a
temperature of 77 degrees. Volatile gas-
es such as hydrogen, deuterium and triti-
um condense on the sieves; less volatile
gases such as oxygen, nitrogen and
methane are adsorbed by the chevrons.
Helium can also be captured if liquid
argon is sprayed onto the surfaces of the
pump; the argon traps the helium by
overlaying it. Cryopumps have a high
pumping speed but require periodic re-
moval of the gases they trap. Moreover,
the trapping entails a high inventory of
tritium in the reactor. In response to
these difficulties designs have been de-
veloped in which devices such as mag-
netic divertors or pump limiters raise
the gas pressure at the beginning of the
pumping ducts to about 10-3 atmo-
sphere. Pumps that do not trap fuel can
then be employed.

Once the exhaust stream is purged of
its elemental impurities (including the
helium “ash” produced by the fusion re-
actions) it is necessary to separate the
unburned deuterium and tritium so that
they can be combined in proper propor-
tion with tritium recovered from the
blanket. The separation is most straight-
forwardly accomplished by distillation
at cryogenic temperatures, making use
of the difference in the boiling points of
H,, DH, Dy, HT, DT and T,. The least
volatile is Hy, with a boiling point of
20.39 degrees K.; the most volatile is T,
with a boiling point of 25.04 degrees.
Acceptable purity can be obtained us-
ing distillation columns with about 60
stages.

The reconstituted deuterium-tritium
mixture must then be reinjected into the
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FIRST WALL AND BLANKET vary in design depending on the choice of coolant and of
tritium-breeding material. In the design at the top the coolant is water (co/or) and the breeder is
lithium aluminate or lithium oxide, each a solid ceramic. Neutrons escaping the fusion plasma
transform lithium in the ceramic into tritium, helium and additional neutrons. The tritium
then diffuses out of the ceramic and is flushed out of the blanket by a stream of helium gas.
The production of tritium is increased by a neutron reflector (graphite) under the blanket and
by a neutron multiplier (beryllium or lead) above it. Nuclear reactions in the multiplier absorb
fast neutrons from the plasma and emit twice as many slower ones. In the design at the bottom
the coolant and the breeder are the same: they are liquid lithium (color). The tritium is re-
covered by removing it from the coolant on its way to the reactor’s heat exchangers. Both de-
signs in the illustration were prepared as part of the STARFIRE study of the design of a tokamak.
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plasma. In current experiments with hy-
drogen plasmas puffs of gas are aimed at
the edge of the plasma, which readily
ingests them. In a reactor the ingestion
may not be as effective; the gas atoms
would be ionized no farther than 10 cen-
timeters in from the plasma’s edge. Ten
or more puffing systems would be re-
quired, each consisting of a nozzle and a
fast-acting valve. Each would produce
puffs lasting 50 to 100 milliseconds.

The alternative is the high-speed in-
jection of frozen fuel pellets. The proc-
ess has been demonstrated in an exper-
imental tokamak at Oak Ridge and
seems sure to work in a commercial re-
actor. Each pellet is truly a snowball in
hell: made at a temperature of less than
the freezing point of deuterium (18.73
degrees K.) and tritium (20.62 degrees),
it would be shot into a plasma whose
temperature is tens of millions of de-
grees. It is envisioned that each pellet
would be two to four millimeters in di-
ameter and would contain 10 to 15 per-
cent of the total number of fuel atoms in
the plasma at any instant. The pellets
would be accelerated to a speed of about
two kilometers per second and then in-
jected at a rate of 10 to 20 pellets per
second. Except for the injection rate
these operating parameters have al-
ready been achieved.

Two types of injectors have been pro-
posed. Centrifugal injectors consist of a
high-speed rotating plate on which two
U-shaped tubes are mounted. A feed
line cooled by liquid helium extrudes
solid fuel into one of the openings of
each U, and a knifing action cuts the fuel
to form a pellet inside the tube. The ro-
tation of the plate then accelerates the
pellet so that it emerges from the tube at
high velocity. In experiments at the Max
Planck Institute -for Plasma Physics in
Garching and at Oak Ridge one-milli-
meter deuterium pellets have been ac-
celerated to speeds of 290 meters per
second. The devices should ultimately
be able to accelerate pellets to speeds of
from two to five kilometers per second.
A high repetition rate is a built-in char-
acteristic of the scheme.

Gas guns are also being developed.
Indeed, they have accelerated one-milli-
meter pellets to a speed of one kilometer
per second. In a design worked out at
Oak Ridge a disk cooled by liquid heli-
um is in a copper housing; one-millime-
ter holes have been drilled through the
disk. Gaseous fuel freezes in each hole,
and the disk isrotated so that the result-
ing slug of fuel comes into line with a
fast-acting valve at the end of a gun
barrel 16 centimeters long. The valve re-
leases helium gas, which has been com-
pressed to a pressure of 30 atmospheres.
The gas propels the slug. Performance
can be improved by using hydrogen as
the propellant and by increasing the
length of the barrel.

Since tritium is radioactive one must



ensure that throughout the fuel cycle
the tritium is well contained in the re-
actor. The required degree of contain-
ment can be determined by a simple cal-
culation. The inventory of tritium in a
power-producing reactor is expected to
be about 10 kilograms, or about 100
million curies of radioactivity. (One cu-
rie is equivalent to 30 billion nuclear
disintegrations per second.) A safe and
allowable escape rate has not yet been
established, but research groups con-
templating reactors have used figures
ranging from one to 10 curies per day.
This means that the reactor must rou-
tinely lose no more of its tritium per day
than one part in 100 million.

he containment can be achieved by
providing at least three physical
barriers at each point in the tritium
handling. The first barrier is the struc-
tural element containing the tritium,
say a pipe. Then comes a barrier sur-
rounding the structural element. For ex-
ample, a pipe could be within a second
pipe or a group of tritium-handling com-
ponents could be within a glove box.
The third level of containment would
be the reactor hall, the rooms contain-
ing the tritium-processing equipment
and so on. Each would contain a triti-
um-cleanup system. It is estimated that
a kilogram of tritium that had escaped in
the reactor building could be removed
in less than a day. The Tritium System
Test Assembly, an experimental mock-
up of the entire tritium fuel cycle, has
been constructed at the Los Alamos Na-
tional Laboratory and is scheduled to
begin operation soon. It should provide
the information necessary to ensure the
safe handling of tritium in future exper-
imental facilities and then in reactors.
There is only one other source of ra-
dioactivity in a fusion reactor: the re-
actor itself, and in particular the first
wall, the blanket and the shield, are
made radioactive by the flux of neu-
trons through them. The amount and
the nature of the radioactivity will de-
pend on the materials of which the reac-
tor is made. A useful figure of merit is
the biological hazard potential, or BHP.
The Federal Government lists the maxi-
mum permissible concentration of vari-
ous radioisotopes in air or in water; the
BHP is the ratio of the actual radioac-

FUEL INJECTION can be accomplished by
propelling frozen pellets of deuterium and tri-
tium into the plasma. In an injector devised
at Oak Ridge National Laboratory a stream
of gaseous fuel is frozen by liquid helium so
that a slug of solid fuel is emplaced in a hole
in a disk (a). The disk rotates (b), bringing the
slug into line with a valve at the end of a gun
barrel (c). The valve releases spurts of propel-
lant (color): high-pressure helium gas (d). The
injector in a fusion reactor will have to give
pellets a velocity of two kilometers per second.
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tivity (in curies per unit volume) to the
Government’s permissible level. For all
materials of practical interest the BHP
for a fusion reactor will be at least a
factor of 10 below the BHP for a fission
reactor. In many cases the factor of im-
provement will be more than 100.
Perhaps it is more important to ask
whether the waste materials from a
fusion reactor could be disposed of
by shallow-land burial. Federal guide-
lines for such burial have recently been
proposed. Under them three classes of
waste are described. Class A4 waste is
material that attains an acceptably safe
level of radioactivity after no more than
10 years of shallow burial. “Acceptably
safe” is defined to mean that a person
inadvertently entering the burial site
and staying there would receive a year-
ly dose of radiation no greater than
five times the natural background level.
Class B waste is chemically stabilized
material that attains an acceptably safe
level within 100 years. The material
must stay stable and must be buried
so that the dose to a person at the site
would be no more than a few percent
above the background level. Class C
waste is chemically stabilized material
that attains an acceptably safe level
within 500 years. The material must be
buried under at least five meters of earth
and the site must have natural or engi-
neered barriers to trespass. Materials

that fail to meet these prospective guide-
lines would presumably require a more
extreme disposal method such as deep
storage in a suitable geologic formation.

Fusion reactors can be built of mate-
rials that would be suitable for shal-
low-land burial. Specifically, calcula-
tions show that fusion reactors built of
an iron-manganese-chromium steel will
yield waste materials of Class C. And if
the reactors could be built of titanium,
vanadium or aluminum alloys or of ce-
ramics such as graphite and silicon car-
bide, the waste materials would be of
Class B. Moreover, it may be possible to
modify alloys that have useful mechani-
cal properties but a tendency toward
high radioactivity into ones that at least
meet the Class C criteria. Attempts to
eliminate nickel and molybdenum from
steel alloys are an example of such an
effort.

In the longer run it may even be
possible to tailor the isotopic composi-
tion of a material so that its mechanical
and chemical properties are unchanged
while its tendency toward radioactivity
is altered dramatically. Again consider
molybdenum. In most steels it imparts
high-temperature strength. It is typically
1 percent of the alloy. The natural iso-
topes of molybdenum that react with
neutrons to form long-lived radioactive
elements in a fusion reactor are those
with atomic weights of 92, 94, 98 and

NEUTRON-RADIATION DAMAGE that the materials in a fusion reactor will suffer was

simulated by placing a sample of stainless steel in the core of a research fission reactor at a tem-
perature of about 590 degrees Celsius and exposing it for a year to a high flux of neutrons. The
total flux (1.9 X 1026 neutrons per square meter) displaced each atom in the lattice of the
steel an average of 10 times. Some of the vacated sites in the lattice aggregated into voids (white
areas); some of the displaced atoms aggregated into regions called dislocation loops (medium
gray areas). In addition the chemical elements in the steel segregated (dark gray areas). As a
result the steel swelled and became less ductile. The electron micrograph was made by F. W.
Wiffen, J. O. Stiegler and E. E. Bloom at Oak Ridge; it enlarges the steel 110,000 diameters.
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100. Suppose the molybdenum for the
steel in a reactor consisted of only the
remaining natural isotopes: 95, 96 and
97. Then the molybdenum could be add-
ed and the steel would nonetheless meet
the criteria for Class C waste.

The economics of isotope separation
are not yet firmly established; the pres-
ent techniques were developed to sepa-
rate only isotopes of uranium. A new
technique being developed at TRW,
Inc., could be used to separate lighter
elements such as nickel and molybde-
num. Moreover, a goal of $220 per kilo-
gram has been established for uranium
enriched to 3 percent in the isotope U-
235. Suppose the isotopic tailoring of
molybdenum proves to cost four times
that much. The cost of a fusion-reactor
blanket made with tailored-molybde-
num steel instead of an untailored al-
loy would be increased by less than
5 percent.

wo comprehensive design studies,

one of a tokamak, one of a tandem
mirror, have recently been completed.
Each provides a glimpse of what fu-
sion reactors may be like. The tokamak
study, STARFIRE, was led by the Argonne
National Laboratory in association with
the McDonnell-Douglas Astronautics
Company, GA Technologies and the
Ralph M. Parsons Company. It took
two years and cost more than $2 mil-
lion, and it contemplated the design of
a 1,200-megawatt fusion reactor. The
device is impressively large: its toroidal
plasma has a major diameter of 14 me-
ters and a cross section of 4.2 meters.
The plasma is confined by supercon-
ducting magnets. The toroidal field is
generated by 12 such magnets that form
hoops around the plasma’s cross sec-
tion. They generate a maximum field
strength of 111,000 gauss, and together
they store 50 billion joules of magnetic-
field energy.

The plasma in STARFIRE is fueled by a
combination of gas puffs and pellets, is
heated by R.F. waves and carries a cur-
rent of 10 million amperes. The current
is sustained by R.F. waves in a process
that has not yet been fully demonstrat-
ed. Without it the plasma burn would
have to be allowed to terminate periodi-
cally, perhaps every 20 minutes or of-
tener, while the magnets representing
the primary turns of a transformer were
reset. In the course of the resetting the
reactor chamber and the blanket would
cool somewhat, thereby changing the
stresses in the materials. The resulting
mechanical fatigue would limit the life
of the structures. The R.F. driving
comes at a price, however; the price is
power consumption. It is estimated that
150 megawatts, or more than 10 percent
of the electric power produced by the
reactor, must be recirculated to supply
the R.F. system. The net efficiency of



STARFIRE (30 percent) will have to be
improved in future tokamak designs.

The blanket in STARFIRE is cooled by
water pressurized to 2,200 pounds per
square inch. The water enters the reac-
tor at a temperature of 280 degrees C.,
picks up heat as it circulates through the
blanket and leaves at a temperature of
320 degrees. As it circulates it passes
through stainless steel tubes surrounded
by tritium-breeding ceramic. A layer of
zirconium-lead along the inner surface
of the blanket serves as a neutron multi-
plier. Even so, the breeding ratio of the
reactor is estimated to exceed one by no
more than 5 percent. That is likely to be
inadequate. Alternative designs are be-
ing developed.

he tandem-mirror study, the Mirror

Advanced Reactor Study (MARS), is
being led by the Lawrence Livermore
National Laboratory in association with
TRW, the General Dynamics Corpora-
tion and the University of Wisconsin.
After two years it is nearing completion.
It contemplates a long, linear reactor
with a central plasma cell 129 meters
long between a pair of end cells acting
as mirrors that together add 48 meters.
The central cell holds 75 cubic meters
of plasma; it yields a continuous pow-
er output of 2,575 megawatts. The end
cells are sustained by the continuous in-
jection of neutral beams and R.F. heat-
ing. The central cell is fueled by gas
puffs and pellets. A “halo” plasma sur-
rounding the main cylindrical plasma
keeps impurities from entering.

The magnets in MARS include 41 cir-
cular superconducting rings in the cen-
tral cell; they generate a field of 47,-
000 gauss. In addition superconducting
end-cell yin-yang magnets produce a
maximum field of 75,000 gauss, and a
magnet of special construction, combin-
ing water-cooled nonsuperconducting
magnets and a superconducting mag-
net, produces a “choke field” of 240,000
gauss between the central cell and each
end cell. A field of such intensity cannot
be produced over large volumes by any
wholly superconducting magnet known
today. The entire magnetic field stores
about 50 billion joules. Power is re-
quired to drive the nonsuperconducting
magnets and refrigerate the supercon-
ducting ones, to circulate coolant, to
sustain the end-cell plasmas and to oper-
ate auxiliary equipment. Indeed, 20 per-
cent of the power produced by the re-
actor must be recycled. Nevertheless,
the net efficiency of the reactor is 35
percent.

Three features of MARS contribute to
that efficiency: the electrostatic barrier
that separates hot electrons in the end
cells from somewhat cooler ones in the
central cell, the use of direct conver-
tors to make electricity from the ener-
gy of charged particles escaping from
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activity in waste from one type of fission reactor, the liquid-metal fast breeder (colored curve).

the ends of the reactor and the use of
a high-temperature coolant, lithium-
lead, which enters the blanket at a tem-
perature of 350 degrees C. and leaves
at 500 degrees. Not all these features
have been demonstrated experimental-
ly. Inaddition the physics of tandem mir-
rors is not yet as advanced as the phys-
ics of tokamaks. Thus MARS embodies
more assumptions than STARFIRE.

he electrostatic barrier for electrons
is an example. It is a region of low
electrostatic potential that repels elec-
trons on either side. Positive ions are at-
tracted to the region, and if they are not
removed, the dip will disappear. The de-
signers of MARS have therefore incorpo-
rated a removal technique called drift-
orbit pumping. So far it is entirely theo-
retical. Special half-moon-shaped coils
modulate the magnetic field strength in
the end cells by .03 percent at a frequen-
cy of about 100 kilohertz. The modula-
tion induces ions to drift radially out-
ward until their orbits extend beyond
the realm of electrostatic and magnet-
ic trapping. At that point they escape
through the end of the cell.
The designs for tokamaks and tandem
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mirrors differ in many details. Some-
times the differences result from the
need for unique technologies such as di-
rect convertors. The designs have much
in common, however, including technol-
ogies for vacuum pumping, fuel han-
dling, superconducting magnets, plas-
ma heating and fuel injection. Both
STARFIRE and MARS point toward reason-
able concepts for fusion reactors, and
both show clearly where improvements
are required.

Is magnetic fusion practical? The
question cannot yet be answered defini-
tively, but sufficient groundwork has
now been laid so that the answer can
be determined. The U.S., the Western
European countries, Japan and the
U.S.S.R. all have specific engineering
development programs under way, and
all of them participated in a multina-
tional study to advance the design of
tokamak reactors (INTOR). Perhaps a bi-
lateral or multilateral agreement will
facilitate the next major experimental
steps. If it does not, the experiments now
in progress are sure to be markedly up-
graded. Either way, the coming decade
will tell much about magnetic fusion en-
gineering.
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The Large-Scale Structure
of the Universe

Across billions of light-years space is a honeycomb of galactic

superclusters and huge voids. The structure may result from

perturbations in the density of matter early in the big bang

by Joseph Silk, Alexander S. Szalay and Yakov B. Zel'dovich

stronomers have long recognized
that the distribution of matter on
a cosmic scale must somehow
bear the imprint of a very early stage in
the history of the universe. A consistent
account of that distribution and its evo-
lution must be developed within the
context of the big-bang theory, since
there is almost universal consensus
among cosmologists and astrophysicists
that the big bang provides an empirical
framework within which all cosmologi-
cal issues can be examined. According
to the big-bang theory, the universe be-
gan as a singular point of infinite densi-
ty some 10 to 20 billion years ago and
pulsed into being in a vast explosion
that continues to this day. In the sim-
plest version of the theory the universe
expands everywhere uniformly from
the singular point. The uniformity of
that expansion accounts remarkably
well for much important observational
evidence: Extragalactic matter recedes
from our galaxy at a rate that varies
smoothly with its distance, and a cold
bath of radiation in the microwave re-
gion of the electromagnetic spectrum
pervades the sky at a temperature that
varies over a few angular degrees to less
than one part in 30,000. In spite of these
successes, there is compelling evidence
that the expansion is not precisely uni-
form. If it were, matter would fail to
coalesce and the universe would be-
come an increasingly rarefied gas of ele-
mentary particles. The stars and the gal-
axies would not exist.

In order to account for structure in
the present state of the universe the
big-bang cosmologist must therefore
acknowledge some degree of clumpi-
ness early on. Such early inhomogene-
ities might be smooth and nearly indis-
tinguishable against the homogeneous
background; small fluctuations in the
curvature of the early universe would
take the form of slight compressions
or rarefactions of matter and energy
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from region to region throughout space.
The amplitude of the fluctuations must
be large enough (that is, the variation
from the average density must be great
enough) to grow into the currently ob-
served aggregations of matter in the
time since the universe began; precisely
what that amplitude must be, however,
is a matter of much theoretical delicacy.
If the initial fluctuations were too large,
they would cause variations in the tem-
perature of the microwave background
radiation that are not observed. Further-
more, the fluctuations must give rise to
the structures of relatively special scale
that make up the universe and not to
structures of arbitrary size. Stars, galax-
ies, clusters of galaxies and even super-
clusters, or clusters of clusters, can now
be identified, but at scales of mass larger
than that of the supercluster the uni-
verse is fairly uniform.

The convergence of cosmology and
the physics of elementary particles has
recently made it possible to satisfy all
these requirements without making any
strong assumptions about the early state
of the universe. In particular, no appeal
is made to any special scales or patterns
of mass and energy at the outset of the
expansion, and no new forces are in-
voked. What is assumed is that soon af-
ter the beginning of the big bang there
were small variations in the density of
matter and energy everywhere in the
universe. The variations were the result
of superposing low-amplitude, sinusoi-
dally varying fluctuations in the density
at every possible wavelength, or scale of
length; the amplitudes of the fluctua-
tions were distributed randomly, and so
the resulting variations in density were
random and chaotic. Thereafter the
present structure of the universe could
have evolved according to reasonably
well-understood principles of physics.

As the universe expanded, the ran-
dom, free streaming of elementary par-
ticles in all directions suppressed all the
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initial fluctuations below a critical size:
the only fluctuations that survived were
those that compressed or rarefied mas-
ses at least 1015 to 1016 times the mass of
our sun. Gravity then caused some of
the compressed masses to contract pref-
erentially along one of the three spatial
axes. The initial spectrum of fluctua-
tions thereby gave rise to gigantic, irreg-
ular clouds of gas that resembled flat-
tened pancakes. Where the pancakes
intersected, long, thin filaments of mat-
ter took shape. Some of the clouds re-
mained intact; others broke up to form
galaxies and clusters of galaxies. Thc
emergence of an appropriate character-
istic scale for the fluctuations was first
explained by one of us (Silk). The gravi-
tational formation of the thin layers of
matter was discovered by another of us
(Zel’dovich). We shall refer to this mod-
el as the pancake theory.

he pancake theory in its present
form is a tale of two objects at the
extremes of physical scale. One is an as-
tronomical system large enough to fill
1023 cubic light-years of space; the oth-
er is the neutrino, a weakly interacting
elementary particle that is almost van-
ishingly small. If the pancake theory is
to be confirmed, both objects must be
observed and a nonzero mass must be
assigned to the neutrino. Since the two
masses, if they both exist, span 80 orders
of magnitude, extraordinary procedures
are needed to measure them from our
own vantage of middle dimensions.
Remarkably, the existence of the re-
quired scale of the astronomical system
has recently been verified, and its mass
offers tantalizing evidence that the pan-
cake theory is on the right track. System-
atic measurements of distance for sever-
al thousand galaxies have been carried
out by determining the red shift in their
spectra: the displacement of spectral
lines toward the long-wavelength end of
the electromagnetic spectrum. The red



DISTRIBUTION OF 400,000 GALAXIES across 100 degrees of the
sky is mapped by a computer program designed to enhance the fila-
mentary structure that is perceptible in other maps. The number of
galaxies within each pixel, or small square area of the map, is indicat-
ed by a color code: black pixels represent areas having the least num-
ber of galaxies, and an increasing density of galaxies is indicated by
increasingly lighter shades of brown through white. Green and red
pixels correspond to local ridges and peaks in the distribution. The
green pixels designate regions where the galaxy count is greater than
it is in all the adjacent pixels in two or three directions, either hori-

zontal, vertical or diagonal. Red pixels designate regions where the
count reaches a local maximum in all four directions. The green fila-
mentary ridges may correspond to superclusters of galaxies in space;
if they do, they extend across 100 million light-years. The map is
based on a survey made by C. Donald Shane and Carl A. Wirtanen of
the Lick Observatory. Its center is the north pole of the galaxy, in
the constellation Coma Berenices; its edge is the galactic parallel at
40 degrees north, and the map is oriented so that the center of our
galaxy is toward the top. The map was constructed at Princeton Uni-
versity by John E. Moody, Edwin L. Turner and J. Richard Gott III.
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SMALL PERTURBATIONS IN THE DENSITY of matter and energy were present through-
out the universe shortly after the start of the big bang. The perturbations can be understood
as wavelike fluctuations of the density around an average value, randomly distributed over all
wavelengths. A snapshot of such a random fluctuation is shown in cross section in the upper
half of this computer-generated image. Yellow, green and blue mark relatively compressed
regions; orange, red and purple mark regions that are increasingly rarefied. In the lower half
of the image all fluctuations encompassing a mass of less than 1016 times that of our sun
have been filtered out by the interaction of matter and radiation in the early stages of the
universe. According to the “pancake” theory proposed by the authors, the remaining fluctua-
tions gave rise to galaxy superclusters and intervening voids that are now observed. The com-
puter simulation was carried out by S. Djorgovski of the University of California at Berkeley.
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shift is a Doppler effect, caused by the
recession of a distant galaxy from our
galaxy. The velocity of the recession can
be calculated from the red shift accord-
ing to a simple mathematical formula,
and the distance of a galaxy varies di-
rectly with its recessional velocity be-
cause the universe is expanding. A red-
shift measurement combined with the
coordinates of a galaxy on the surface of
the sky enables the astronomer to fix
the galaxy in space. Three-dimensional
maps of the distribution of galaxies have
thereby been worked out.

The maps show features quite unlike
those of most other astronomical ob-
jects: the galaxies are concentrated in
enormous sheets and filamentary struc-
tures whose greatest dimension, rough-
ly 100 million light-years, is an order of
magnitude larger than its lesser dimen-
sions. Such a structure can include as
many as a million galaxies; its mass is on
the order of 1016 suns. Moreover, within
each structure the galaxies are not even-
ly distributed: one can distinguish more
densely populated clumps and strings,
many of them at the intersection of two
sheets. Finally, interspersed among the
largest structures are huge voids, virtu-
ally free of galaxies, that are between
100 and 400 million light-years across
[see “Superclusters and Voids in the
Distribution of Galaxies,” by Stephen A.
Gregory and Laird A. Thompson; Sci-
ENTIFIC AMERICAN, March, 1982]. Much
of this picture is based on the work of
Jaan Einasto of the Tartu Observatory
in the Estonian S.S.R.

The detection of a massive neutrino is
much more problematic. Several years
ago theoretical physicists assigned to the
neutrino a rest mass of zero, but some
more recent theories of elementary par-
ticles suggest the neutrino does have a
small mass. Several kinds of experiment
are under way seeking to detect it. In the
most direct method the mass can be in-
ferred if certain variations are found in
the decay rate of radioactive isotopes. In
1980 Valentin Lubimov, Evgeny Tret-
yakov and their colleagues at the Insti-
tute of Experimental and Theoretical
Physics in Moscow measured .the decay
rate of tritium, the radioactive isotope
of hydrogen. At that tinte they reported
results consistent with a small but non-
zero neutrino mass, between 14 and 46
electron volts, which is less than a ten-
thousandth the mass of the electron. Re-
cently the same investigators have con-
firmed their findings and narrowed the
limits of error: they now report a neutri-
no mass of from 20 to 40 electron volts.

Unfortunately there has been no in-
dependent verification of these re-
sults, and so there remains no general
consensus on the question of neutrino
mass. A second kind of experiment, pio-
neered by Ettore Fiorini of the Univer-
sity of Milan, is based on the rate of a



mode of radioactive decay called dou-
vle-beta decay that is observed in cer-
ialn isotopes. Fiorini has reported the
neutrino mass can be no greater than 10
to 20 electron volts, based on the decay
rate of the isotope germanium 76. The
method is less direct than the measure-
ment of tritium decay; the results of
Fiorini’s experiment can be interpreted
as a measure of neutrino mass only if it
is assumed that the neutrino is its own
antiparticle. On the other hand, if the
neufrino and the antineutrino are dis-
tinci, the double-beta decay of germani-
um 76 is modified and a value for the
neutrino mass cannot be inferred.

A third method of detecting neutrino
mass was first proposed by Bruno M.
Pontecorvo of the Joint Institute of Nu-
clear Research at Dubna in the U.S.S.R.
The method exploits the fact that there
are three kinds of neutrino: the electron
neutrino, the muon neutrino and the tau
neutrino. If the three kinds of neutrino
have mass, if the three kinds can appear
with varying probability and if the dif-
ference between the squares of the mas-
ses of any two kinds of neutrino is not
equal to zero, quantum mechanics im-

plies that the three kinds of neutrino
could oscillate, or freely exchange their
identities. Since the oscillations would
cause the population of one kind of neu-
trino to vary with time, the oscillations
should be detectable as a change in the
population of, say, electron neutrinos
along the path of a neutrino beam. Sev-
eral such experiments have been done
in the past few years, first in 1980 by
Frederick Reines and his colleagues at
the University of California at Irvine
and later by Felix H. Boehm and his
colleagues at the California Institute
of Technology and by other workers.
At this writing no experimental group
has reported unambiguous evidence for
neutrino oscillations. Unfortunately the
absence of oscillations could merely in-
dicate that the difference between the
squares of the masses of two kinds of
neutrino is zero; a failure to detect oscil-
lations is therefore consistent with a fi-
nite, or nonzero, neutrino mass.

The prevailing attitude among physi-
cists is that the experimental results do
not yet warrant a firm conclusion about
the mass of the neutrino. Nevertheless,
if the evidence for mass is accepted,

the cosmological consequences are far-
reaching. More than a decade ago, fol-
lowing an early suggestion by Semyon
Gershtein of the Serpukhov Institute
of Physics in the U.S.S.R. and one
of us (Zel’dovich), Gyorgy Marx and
one of us (Szalay) at E6tvos University
suggested that massive neutrinos could
make a dominant contribution to the
mass and evolution of the universe
as a whole. This suggestion was made
concurrently by Ramanath Cowsik and
John McClelland of the University of
California at Berkeley. A massive neu-
trino would also lead inevitably to pan-
cakelike structures on large scales. Be-
fore we discuss this effect, however, it
will be useful to describe an earlier ver-
sion of the pancake theory, a theory that
ultimately failed certain critical obser-
vational tests but that has given rise to
the current more successful theory.

Atrophysicists believe they have a
fairly sound understanding of the
physical processes that must have taken
place after the first few milliseconds of
the big bang. The energies of particles
colliding with one another at that time
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HORIZON OF AN OBSERVER grows with time and encompasses
an increasingly great fraction of the universe. The horizon is a sphere,
centered on the observer, whose radius is equal to the distance light
can travel since the beginning of the big bang. Here the horizon is a
circie at the base of a cone; the expansion of the universe since the be-
ginning of the big bang is indicated by the divergence of two galaxies
with time. In the early stages of expansion the galaxies recede from
each other at an apparent velocity that exceeds the speed of light, and
so at this epoch there has not been enough time for an observer in one

© 1983 SCIENTIFIC AMERICAN, INC

of them to see the other galaxy at any previous stage (a). Because the
expansion is slowing, however, light from an early stage of one of the
galaxies will eventually reach an observer in the other galaxy (5). The
edges of the cones are the paths of light signals in space; since no sig-
nal can propagate faster than light, they represent a spatial limit to
causal interaction at any given time as well as a limit to observation.
Hence any fluctuation in the density of the universe on a scale larg-
er than that of an observer’s horizon will have no effect on the ob-
server or on the distribution of matter and energy within the horizon.

75



were no greater than the energies typi-
cally achieved in small particle accel-
erators, and so a picture of the early
universe emerges when one considers a
dense fluid of particles whose individual
properties are well known.

By far the most abundant particles in
the fluid were the photon, the electron
and the three species of neutrino; only
relatively small numbers of protons and
neutrons were left over from annihila-
tions that took place in an earlier ep-
och. The electrons and the neutrinos
remained in close contact throughout
most of the first second and were con-
tinuously created and annihilated. Fre-
quent collisions among them guaran-
teed that energy was distributed ran-
domly throughout the fluid; in other
words, the particles were maintained in
thermal equilibrium. As the universe
expanded, the density of the particles
decreased and collisions became less
frequent. Because the energy of a pho-
ton varies inversely with its wavelength,
the average energy of the photons de-
creased as their wavelengths expanded
with the rest of the universe, and so the
universe began to cool.

Recent theoretical investigations that
have sought to unify the fundamental
forces of nature can now peer even far-
ther back than the first millisecond into
the history of the universe. The theories
are called grand unified theories because
they attempt to understand the electro-
magnetic force, the weak nuclear force
and the strong nuclear force as distinct
low-energy manifestations of a single,

underlying phenomenon. (Gravity, the
fourth fundamental force, has not yet
been incorporated.) The energy density
at which the three forces become indis-
tinct corresponds to the energy density
of the universe only 10-35 second after
the start of the big bang. The early uni-
verse has therefore come to be regarded
as a laboratory for testing the predic-
tions of grand unified theories.

One prediction of the theories is that
if the density of matter must fluctuate in
the early stages of expansion, the density
of the photons, or radiation, must fluctu-
ate also. Nevertheless, the ratio of the
density of matter to the density of radia-
tion must always remain the same. Ac-
cording to the general theory of relativi-
ty, energy and matter are equivalent as a
source of gravity and determine the ge-
ometry of space-time. A fluctuation in
the density of mass and energy therefore
causes a fluctuation in the gravitational
field, which is equivalent to a fluctua-
tion in the curvature of space-time. The
comprehensive theory of such fluctua-
tions in the expanding universe, treated
within the framework of the general the-
ory of relativity, was developed in 1946
by Eugene M. Lifshitz of the Institute
for Physical Problems in Moscow.

It seems reasonable to assume that
fluctuations must have existed in the
early universe over a wide range of pos-
sible scales. We make the assumption
primarily for reasons of parsimony: it
would seem arbitrary and entirely fortu-
itous if the initial fluctuations were to
single out regions only of, say, galactic
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SMOOTH DISTRIBUTION OF PARTICLE VELOCITIES arises from a fluctuation with a
single wavelength; particles are gravitationally attracted to the regions of highest density, and
so the velocity of a particle depends on its distance from such a region, as is shown in the graph
at the upper left. In the graph at the lower left the velocity of each particle is given by the
slope of the line that represents its trajectory. The trajectories tend to converge and form re-
gions of enhanced density. Thus the smooth fluctuations are amplified. If the fluctuations are
random over all the wavelengths (upper right), the trajectories do not converge (lower right).
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scale. There is an upper limit, however,
to the size of fluctuation that can be per-
ceived by any observer at a given time.
That limit is the spatial horizon of the
observer, which is a sphere, centered on
the observer, whose radius is equal to
the distance light can travel in the time
since the start of the big bang. In the
standard model of the big bang, how-
ever, the initial expansion of space and
time from the singular point creates a
universe far greater than the spatial ho-
rizon of any single observer. On the oth-
er hand, because the expansion of the
universe is thought to be slowing down,
increasing amounts of mass come with-
in any observer’s horizon. Fluctuations
undetectable in the early universe be-
come detectable later on, because they
begin to be encompassed by the observ-
er’s ever widening horizon [see illustra-
tion on preceding page).

Once a fluctuation is within an ob-
server’s horizon it is adequately de-
scribed by classical, or nonrelativistic,
gravitational theory. There it takes the
form of an observable perturbation in
the density of the fluid. There are two
competing effects on any parcel of mat-
ter and radiation moving together: grav-
ity tends to collapse the parcel, and pres-
sure caused by the chaotic motion of the
particles and radiation tends to disperse
the parcel in space. On large scales grav-
ity always wins. Pressure cannot resist
the collapse, so that particles are at-
tracted to the regions of highest density.
Moreover, once gravitational collapse
begins, the accreted mass can attract
more distant mass and radiation, and so
any initial instability is amplified. Mat-
ter accumulates in some regions and be-
comes rarefied in others.

If the soup of particles and radiation
that make up the early universe is con-
sidered to be an ideal gas, the effects of a
density fluctuation superposed on the
gas are straightforward. Any local com-
pression in the density over a sufficiently
large mass will trigger gravitational in-
stability and lead to incipient collapse.
On smaller scales, however, gravity is
not strong enough to overcome the in-
crease in the pressure of the gas caused
by the increase in density. The com-
pressed parcel of gas will therefore re-
bound and become rarefied, and the
fluctuation will propagate exactly like
a sound wave, that is, by the periodic
compression and rarefaction of the me-
dium through which it travels.

Most sound waves in the air die out in
a few tens of meters because the parti-
cles that make up the pressure waves
are scattered and their coherent motion
is dissipated as heat. In a similar way
sound waves in the cosmic medium set
up by the fluctuations lose their energy
and die away at all but the longest wave-
lengths. Furthermore, the particles and
photons in the early universe are much



too densely packed to be treated as an
ideal gas. In the first 300,000 years of the
big bang the photon radiation was en-
ergetic enough to keep all matter ion-
ized. Photons outnumbered electrons by
a factor of about 100 million; the free
electrons, which would later be bound
to atomic nuclei, were therefore under
constant bombardment by the photons,
freely scattering the photons and be-
ing scattered by them. The result was a
thick, viscous fluid of electrons and pho-
tons in which no particle could travel
very far without being scattered.

The scattering of the free electrons by
the radiation makes any displacement
of the electrons through the radiation
much like moving through viscous, cold
molasses. The viscosity of the fluid
thereby inhibits the growth of gravita-
tional instabilities that might be caused
by the accretion of matter alone. More-
over, as in the ideal gas, the large pres-
sure of the radiation keeps matter and
radiation from collapsing together un-
der the pull of gravity on all but suffi-
ciently large scales. The remaining fluc-
tuations within the viscous fluid, that is,
the ones that survive gravitational col-
lapse, can be regarded as sound waves.

As we have mentioned, grand unified
theories require that the ratio of the den-
sity of photons to the density of matter
remain always the same: in the compres-
sion phase of a fluctuation the com-
pression of the photons must therefore
match the compression of the particles
with mass. If the distance covered by a
photon in the time since the start of the
big bang is greater than the distance
across a compressed region of a fluctua-
tion, however, the photon will in effect
not take part in the compression but
will instead dissipate its share of the en-
ergy of the fluctuation. Since the pho-
tons greatly outnumber the particles with
mass, they carry almost all the energy of
the fluctuations, and so fluctuations on a
scale smaller than the average radial dis-
placement of a photon in the time since
the start of the big bang are damped out.

The path of a photon can be com-
pared to the path of a drunkard stagger-
ing away from a lamppost along any
direction with equal probability. In or-
der to wander a distance away from the
lamppost that corresponds to N steps
when sober, the drunkard must take N2
steps. Similarly, the photon must be
scattered N2 times in order to travel a
radial distance equal to the distance it
would travel if it were streaming freely.
In spite of their being scattered by the
electrons, the photons diffuse radially
outward through the medium so fast
that they dissipate the energy of all but
the largest fluctuations. By the time the
universe cools enough for atomic nuclei
to capture the free electrons, the pho-
tons have diffused through a region of
the universe whose mass is about 1014
times that of our sun. All initial fluctu-

TOPOLOGICAL STRUCTURE OF THE FLUCTUATIONS that survive filtering in the
early stages of the universe is preserved in the structure of galaxy superclusters and voids. At
the left the density of the universe is nearly uniform. If the probability of rarefaction caused by
a slight fluctuation in the density along any one axis is one-half, the probability that any region
is rarefied along all three spatial axes is one-eighth. Such regions are shown in white; they ini-
tially occupy only one-eighth of the volume of the universe and include about one-eighth of
its mass (/efr). Gravity compresses the colored regions along one or more axes. These regions,
which include about seven-eighths of the mass of the universe, collapse to form a cobweb of
filaments that eventually fill only one-eighth of the volume of space (right). The regions of
initial rarefaction expand to make voids that fill the remaining seven-eighths of the universe.

ations that encompass a mass smaller
than this amount are therefore erased.

hen the electrons finally combine

to form atoms, the matter and the
radiation cease to interact and the radia-
tion streams off independently of the at-
oms. The viscosity of the fluid drops ab-
ruptly, and the fluctuations that have
survived the previous era of radiation-
dominated interactions are no longer
inhibited from being amplified. There-
after gravitational instability proceeds
with full vigor.

The sudden absence of radiation pres-
sure has a dominant effect in determin-
ing the shape and structure of the first
objects to form. Thermal pressure al-
ways acts isotropically, or equally in
all directions, and so if the radiation
pressure had remained comparable in
strength to gravity, all collapsed objects
would have had nearly perfect spheri-
cal symmetry. Anisotropies develop be-
cause the pressure is completely negligi-
ble up to the last moments of collapse.

Because of the lack of pressure to
counteract the infall, gravitational insta-
bility is highly efficient at sweeping al-
most all the matter into compressed,
high-density regions of space. Consider
the following argument. Along any one
of the three spatial axes matter can be
either compressed or rarefied; assume,
for the sake of simplicity, that the prob-
ability the matter is compressed along
any one axis is one-half. The fraction
of the gas that will not be compressed
along any axis is the cube of one-half, or
one-eighth. This result has immediate
implications for the predicted spatial
structure following collapse. At an early
stage, when the density is still nearly uni-
form, the regions destined to be com-
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pressed include about seven-eighths
of all matter. These regions surround
smaller bubbles of matter that never
collapse; the bubbles are destined to be-
come voids. After the collapse the com-
pressed regions occupy only one-eighth
of the volume of space; the small bub-
bles, which carry one-eighth of the mat-
ter, expand to fill the remaining seven-
eighths of the volume. The topology of
the initial state is preserved. The final
outcome is a cellular structure formed
by thin walls and filaments of com-
pressed matter that enclose huge voids.

The shape of the compressed regions
can be predicted from similar consider-
ations. It is most unlikely that any cubi-
cal volume of matter destined for col-
lapse will form a sphere. Such a collapse
would require a match of both direction
and magnitude of the fluctuations along
all three components into which any ar-
bitrary collapse can be resolved. It is
much likelier that the cube would col-
lapse first along one randomly selected
axis, and it would collapse or expand
more slowly along the other two axes.
The ensuing distribution of matter is
highly anisotropic. Since the mass in-
side the initial cubical volume does not
change as both the thickness and the
volume of the cube decrease, the densi-
ty becomes extremely high and a flat
pancake is formed.

At first the pancakes develop in isolat-
ed regions, but they soon grow into thin
sheets that intersect and form the cellu-
lar structure. Numerical simulations of
the collapse done with the aid of large
computers suggest the universe has only
recently acquired a cellular structure. In
the future, as larger clumps of matter
form, the cellular structure is expected
to disappear. Hence it is only during an

77



~a300 DISTANCE
(MILLIONS OF
LIGHT-YEARS)

+250

4‘ i
- - GALAXY
Pl +1}4 CLUSTER IN
(. o) A \‘ COMA BERENICES
L AL |
\ar {1 ! ) = A‘\_ g g
. £ prg il
lr_‘l = _‘---’.L' .rl % - j P
o Wainia N €
/ \ir 9
181 P ¥ Gt “Ifr LY
iy X 1’1 i tl! -

—200 DISTANCE

@ (MILLIONS OF
LIGHT-YEARS)
8,

CONTOURS OF HIGH DENSITY are plotted in three dimensions for all galaxies brighter
than magnitude 14.5 in the northern sky that are within about 250 million light-years of our
galaxy (upper illustration). The distribution is similar to the one shown in the lower illustration,
which is derived by simulating the predictions of the pancake model on a computer. In the
model it is assumed the clustering of matter arises from density fluctuations no smaller than
the smallest fluctuation to survive the smoothing effects of hypothetical massive neutrinos. The
real distribution was constructed by Carlos Frenk and Simon White of the University of Cali-
fornia at Berkeley from a map prepared by Marc Davis and his colleagues at Center for Astro-
physics of the Harvard College Observatory and the Smithsonian Astrophysical Observatory.
Map was based on a survey of 1,801 galaxies. Simulation was done by Frenk, White and Davis.
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intermediate stage of cosmic evolution
that the initial curvature fluctuations are
reflected by the structure of matter. The
observational evidence shows that from
the perspective of the evolution of large-
scale structure the universe is neither
very young nor very old.

here are two major difficulties with

the pancake theory as we have de-
scribed it so far. First, remember that
the smallest fluctuations to survive the
radiation era encompass a mass of 10
suns. Structure in the distribution of gal-
axies, however, exists at much larger
scales. Numerical simulations favor a
theory in which the smallest fluctua-
tions emerging from the radiation era
are on a scale of 1015 or 1016 suns.

The second difficulty is more serious.
Because the microwave background ra-
diation has propagated freely ever sincc
the photons and the electrons ceascd to
interact, the variation in the tempecra-
ture of the radiation across the sky re-
flects primordial inhomogeneitics in the
distribution of matter. At the time the
original pancake theory was formulated
the upper bound for the temperature
variation over the entire sky was about
one part in 1,000. Accordingly it was
thought that matter inhomogeneitics in
the early universe could have been as
great as a third of the temperature varia-
tion, or one part in 3,000. Recently morc
stringent limits on the variation of the
radiation temperature have been sct by
Francesco Melchiorri and his co-work-
ers at the University of Florence and
the University of Rome, and by Yuri N.
Parijskijin of the Pulkovo Observatory
in Leningrad. The new upper bound is a
variation of less than one part in 30,000
over an angle of six degrees.

The fluctuations required by the origi-
nal version of the pancake theory were
consistent with the earlier estimate of
temperature variations, but the agrec-
ment with the new estimate is only mar-
ginal. Moreover, if the overall density of
matter and energy in the universc is so
small that the present expansion will
continue forever, the agreement is lost.
On a cosmic scale the force of gravity
would have been so weak in recent ep-
ochs that fluctuations must have com-
pleted their growth and collapsed at a
much earlier time, when the density of
matter was much greater than it is to-
day. The amplitude of such fluctuations,
however, would have been much too
large to be compatible with the uniform-
ity in the microwave background. On
the other hand, if the initial fluctuations
had been small enough to be compatible
with the radiation background, the birth
of galaxies would have become practi-
cally impossible.

If the universe is dense enough for the
amplitude of the fluctuations to be mar-
ginally reconciled with the uniformity
of the background, another problem
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DISCONTINUITIES IN THE DENSITY OF MATTER can result
from continuous deformations of the medium during gravitational
collapse. In each frame of this schematic sequence the lower plane
represents two directions in space; for simplicity only the motions of
particles in the plane and parallel to the x axis are considered. The
particles move toward a central axis of the plane; the length of each
arrow indicates the velocity of a particle at the position correspond-
ing to the tail of the arrow (a, ). A sheet of particles moving to the
right (colored arrows) crosses the central axis without colliding with
the particles moving to the left (black arrows). The motions set up
two discontinuities in the density of the medium, one on each side of

the central axis (c). In almost any real collapse the motions of the two
sheets of particles are not exactly symmetrical and the two disconti-
nuities end in a cusp (d). The same density distributions can be under-
stood as a special case of a more general phenomenon described by
the branch of mathematics called catastrophe theory. If the motions
of the particles are plotted in a phase space, that is, in a three-dimen-
sional space where the vertical axis represents the velocity in a direc-
tion parallel to the x axis, the interaction of the two sheets of particles
is represented by a twisting or undulating surface (upper plane in each
frame). The density of the particles at any point is then given by the
“shadow” cast by the deformed surface on the original x-y plane.

arises. The density cannot then be ac-
counted for solely by the total mass of
bright matter, visible as stars, nebulas,
galaxies and the like. Instead the uni-
verse must be made up predominantly
of dark matter. This inference is not a
new one. Studies of the rotation of our
galaxy and that of other spiral galaxies
have shown that the rotational velocities
of stars on the periphery of a galaxy are
not consistent with Kepler’s laws. These
laws state that the rotational velocity
should decrease with increasing distance
from the center of a galaxy, just as the
orbital velocity of a planet decreases
with its distance from the sun. Peripher-
al stars, however, do not slow down;
their rotational velocities are roughly
constant and independent of their dis-
tance from the galactic center. P. James
E. Peebles and Jeremiah P. Ostriker
of Princeton University and Einasto
simultaneously suggested the dilemma

would be resolved if halos of invisible
matter make up the bulk of the mass of
spiral galaxies. An indirect argument
suggests dark material may be present
in even greater quantities within groups
and clusters of galaxies. Such systems
would fly apart in an unaccountably
short time if it were not for the gravita-
tional attraction of dark matter. It is es-
timated that dark matter may comprise
90 percent of the mass of the universe.

new component of the universe was

badly needed to salvage the pan-
cake theory, and a source of dark matter
was needed to account for the motions
of galaxies. A natural candidate for both
purposes was the neutrino, although
certain other exotic but still undetected
particles, such as a massive photino or a
massive gravitino, might serve the same
cosmological function. Theories of ele-
mentary particles predict that in the
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first millisecond of the big bang a wide
variety of weakly interacting particles
were maintained in thermal equilibri-
um. Many such particles could still sur-
vive, and provided they are stable they
could have far-reaching implications
for cosmology. Since the neutrino mass
can be measured experimentally, in the
remainder of this discussion we shall re-
fer to the neutrino. Nevertheless, even if
the neutrino turns out to have no mass,
the pancake theory is not disproved.
Remember that in the first second of
the big bang the primordial soup includ-
ed an abundance of neutrinos. Even to-
day the ratio of photons to all three vari-
eties of neutrino is only 11 to 9. Neutri-
nos, unlike protons, electrons and even
photons, interact so weakly with other
particles that they begin to stream freely
through the fluid long before the pho-
tons do. Hence the neutrinos, which ini-
tially move at the speed of light, can
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COMPUTER SIMULATION shows the evolution of large-scale fluc-
tuations in the density of matter and energy with time, assuming the
existence of neutrinos that have a nonzero mass. Pancakes and fila-
ments develop as a result of gravitational collapse, and the matter
in the remaining regions of space becomes increasingly rarefied. The

travel farther than the photons in the
early stages of the universe. By the end
of the radiation era the neutrinos have
dissipated fluctuations on a larger scale
than photons alone could have done.

A massive neutrino cannot continue
indefinitely moving at the speed of light.
When the energy density of the photons
falls below the energy that corresponds
approximately to the rest mass of the
neutrino, the neutrino begins to slow
down and move at a speed appropriate
to its energy. If the mass of the neutrino
is 30 electron volts, the slowdown will
begin well before the capture of the free
electrons by atomic nuclei. The capture
must wait until the background ener-
gy.is reduced to .1 electron volt, the en-
ergy at which hydrogen is ionized by
the dense fluid of photons. Although
the neutrinos continue to erase the fluc-
tuations as they slow down, they be-
come increasingly susceptible to being
trapped by large fluctuations that have
not yet been smoothed out. Richard
Bond of Stanford University and one of
us (Szalay) have estimated the maxi-
mum scale over which the neutrinos can
freely stream before they are trapped,
and consequently the minimum scale
over which the fluctuations are not
erased. The scale corresponds to a pres-
ent distance of 100 million light-years
and a mass of 1015 to 1016 suns. The
agreement with the size and mass of the
galaxy superclusters that are now ob-
served is striking.

How can such fluctuations be com-
patible with the observed uniformity of
the background radiation? The neutri-
nos cease their erasure of the curvature
fluctuations before the end of the radia-
tion era, but unlike the electrons their
motions are not inhibited by the viscosi-
ty of the fluid. Neutrinos collide so rare-
ly with photons or electrons that they
are not subjected to viscous drag. Gravi-
tational instabilities among the neutri-
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nos can accordingly begin to develop
before the end of the radiation era, and
so they can grow over a much longer
time than the fluctuations of ordinary
matter can. The initial amplitude of the
neutrino fluctuations needed to account
for the present inhomogeneities of mat-
ter could therefore have been much
smaller than the amplitude of the fluctu-
ations needed in a mixture of radiation
and ordinary matter. With massive neu-
trinos the variation in the temperature
of the background radiation required
to generate the observed aggregations
of matter is reduced by an order of
magnitude or more. Thus theory and
observations can be reconciled.

The new version of the pancake theo-
ry leads to a natural explanation for the
origin of the dark matter in the universe.
The initial collapse of a pancake distrib-
utes most of the neutrinos widely be-
cause most of them are accelerated by
the collapse to large velocities, on the
order of 1,000 kilometers per second.
Such neutrinos are destined to fill the
dark regions of intergalactic space. Oth-
er neutrinos, however, move more slow-
ly because they are initially closer to the
central plane of the pancake and do not
undergo large accelerations. The thin
layer of gas in the vicinity of the central
plane condenses and breaks up to form
protogalaxies. The slow-moving neutri-
nos are gathered together by aggregates
of ordinary matter, and the matter near
the center of the protogalaxy continues
to condense and form stars. Neutrinos
at the periphery of the protogalaxy,
however, are gravitationally shared and
never condense; they become the dark
matter in the galactic halo.

more detailed theory of galaxy for-
mation within the context of the
new pancake theory is now under de-
velopment. As a pancake collapses, the
neutrino component of the collapsing
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resulting structure resembles the distribution of superclusters and
voids that is currently observed. In several regions there are cusps
and other kinds of discontinuity in the density, which can be recog-
nized and classified by means of catastrophe theory. The simula-
tion was done by George Efstathiou of the University of Cambridge.

gas passes through the central plane of
the pancake without interaction. The
density distribution of the neutrinos ac-
quires sharp discontinuities, some of
which can be identified with rich clus-
ters of galaxies. Vladimir I. Arnold, a
mathematician at Moscow State Uni-
versity, has recently collaborated with
astrophysicists on the problem, and he
has identified such discontinuities in the
overall density distribution with certain
elementary structures in the branch of
mathematics called catastrophe theory.
The pancake theory, as it has now
been modified, offers deep insight into
the character and origin of the contem-
porary structure of the universe. It is
based on well-known physical principles
and on plausible assumptions about the
conditions in the very early universe. As
a theory of the origin of large-scale
structure it is by no means unique, al-
though it now appears that both theory
and observation point in the general di-
rection we have outlined. Nevertheless,
there are many important questions that
must be resolved before the theory can
be considered firmly established.
Given the confirmation of the theory,
there are two main lines along which it
must be developed. First, one must ad-
dress the finer structure of the universe,
the formation of the first generation of
stars from a primordial gas that was to-
tally devoid of the heavy elements. Sec-
ond, one must ask how the initial condi-
tions assumed by the pancake theory
arose from even earlier epochs in the
history of the universe. Attempts are
now in progress to show how the small-
amplitude fluctuations required by the
pancake theory could result from earli-
er and much less well-understood phe-
nomena. These attempts are based on
theories not yet settled, but preliminary
results leave room for optimism that by
the end of the century we shall possess a
coherent theory of the universe.
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End of the Chain

he worldwide recession that began

in 1980 is beginning to ease after

three years (making it the longest
economic slump since the depression of
the 1930’s), but one of its legacies has
been a serious setback for worldwide de-
velopment. There is a chain of cause and
effect, with the poorest countries at the
end of the chain. Recession in the ad-
vanced industrial countries has reduced
demand for third-world products. It has
also increased unemployment, encour-
aging protectionism and further thwart-
ing developing countries’ efforts to ex-
port. The terms of trade have turned
against the developing countries: infla-
tion has raised the cost of industrial
products they need to import while the
prices of commodities, their primary
exports, have declined. Having turned
increasingly to intergovernmental and
commercial borrowing as a source of
the capital they need, the developing
countries have been hit by rising inter-
est rates on the money they owe, a re-
sult of the restrictive monetary policies
adopted by the industrial countries in
an effort to counter inflation.

The foregoing picture is sketched out
by the World Bank’s World Development
Report for 1983. According to the report
the recession of 1980-82 was the second
in less than 10 years. Growth rates of
output in the industrial economies and
of world trade fell for two years after
the oil-price jump of 1973 but recovered
rapidly in 1976; the developing coun-
tries were not seriously affected. The re-
cent recession has lasted longer, in part
because of tightened monetary controls.
With monetary restraint accompanied
by large fiscal deficits, interest rates rose,
reaching a peak in 1981 and prolonging
the recession. Unemployment in the
industrial countries, which the World
Bank considered “high” at about 5 per-
cent after the first recession, climbed
to 8 percent in 1982 (and to almost
11 percent in the U.S.). The recession
slowed the growth of world trade; ex-
ports actually declined in 1982.

The industrialcountriesinfluence eco-
nomic growth in the developing world
primarily through international trade
and the flow of capital. The recession
reduced both total demand and the price
of typical third-world exports: foods
and industrial raw materials. Adjusted
for the inflated cost of manufactured
goods the developing countries’ import,
commodity prices were lower in 1982
than at any time since World War II.
Many of the poorest countries, which
rely heavily on a single export commod-
ity, were particularly hard hit. Develop-
ing countries that had managed to in-
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crease their exports of manufactured
goods came up against a surge of protec-
tionism in the form of tariffs, import
quotas and other restrictive measures.
Export earnings of developing countries
fell in 1982 to 7 percent below the 1980
level.

The large gap between receipts from
exports and the expenditure of foreign
exchange for imports and debt servicing
is financed in most developing countries
largely by official development assis-
tance (‘““foreign aid”) and new borrow-
ing. Development assistance (both loans
at low interest rates and grants) comes
primarily from the members of the Or-
ganization for Economic Cooperation
and Development (OECD) and of the
Organization of Petroleum Exporting
Countries (OPEC). The former have ac-
cepted a “target” of .7 percent of their
gross national product as their annual
contribution to development assistance;
few have reached the target. Whereas
the Netherlands, Norway and Sweden
devoted more than 1 percent of their
GNP to such aid in 1982, the percentage
was .48 for West Germany, .29 for Ja-
pan, .27 for the U.S. and .25 for Swit-
zerland. OPEC has done better, but to-
tal development assistance has not in-
creased since 1980.

With exports down, official assistance
insufficient and foreign-exchange re-
serves declining, third-world officials
increasingly have turned to private lend-
ers, who are now owed more than 70
percent of the developing countries’ to-
tal debt. In 1982 developing countries
had to pay nearly $50 billion in interest
on medium- and long-term debt, 50 per-
cent above the 1980 level. Their total
debt came to more than their total earn-
ings from exports; their annual debt-
service payments were almost 21 per-
cent of their export earnings.

According to the World Bank’s report,
sustained world economic growth must
begin with vigorous growth in the indus-
trial nations and an expansion of world
trade. The report emphasizes that im-
provement in third-world exports is nec-
essary not only for humanitarian and
political reasons but also in the self-in-
terest of the industrial nations. Most ob-
viously, borrowing countries can service
their debt only if they earn enough for-
eign exchange by exporting. Moreover,
protectionism ‘‘is costly to the protec-
tionist countries themselves.” It raises
the cost of goods they consume, to the
special detriment of their poorest con-
sumers. It hampers needed restructuring
of many industrial nations’ economies
by preserving inefficient industries and
postponing investment in new and more
appropriate ones. Moreover, by restrict-
ing the growth of developing countries
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protectionism restricts the expansion of
what has become a major market for the
industrial nations. The U.S., for exam-
ple, now sells two-fifths of its exports to
developing countries.

Five-Year Plan

Ithough the construction of nuclear
power plants has slowed considera-
bly in the U.S,, the industry is continuing
to expand in other countries. France, for
example, gets more than 40 percent of
its electric power from nuclear energy
and plans to reach 85 percent by the
end of the century. One country that is
known to have a strong commitment to
nuclear power but has supplied few de-
tails of its program is the U.S.S.R. A rare
glimpse of those details has now been
provided in IAEA Bulletin, a publica-
tion of the International Atomic Ener-
gy Agency, by B. A. Semenov, a Rus-
sian who is deputy director general of
the agency and head of its Department
of Nuclear Energy and Safety.

Semenov writes that by the end of last
year the total installed capacity of the
nuclear power plants in the U.S.S.R. ex-
ceeded 18,000 megawatts and that in
1981 they generated 86 billion kilowatt-
hours of electricity, or 6.5 percent of the
electric power. (The Atomic Industrial
Forum recently tallied 37 operating re-
actors in the U.S.S.R. but was unable to
ascertain what fraction of the country’s
power they generated. The U.S. has
72 operating commercial reactors, ac-
counting for 13 percent of the power.)

A sense of the pace of the Russian
program is given by SemenoV’s state-
ment that “during the next five-year pe-
riod the generation figure will increase
more than threefold and will reach 220
billion kilowatt-hours in 1985.” (The
U.S.S.R.’s current five-year plan for eco-
nomic development covers the period
from the beginning of 1981 to the end of
1985.) Moreover, ‘“since it is planned
that the total electric power production
in the country will be increased to about
1,500 billion kilowatt-hours, nuclear
plants will account for 14 percent of the
total electricity production in the entire
country by 1985 and for 24 percent in
the European region.”

Fundamental differences between the
European part of the U.S.S.R. and the
Asian part constitute one of two reasons
cited by Semenov for the nation’s deci-
sion “to favor nuclear power as a main
source of energy.” About 80 percent of
the country’s energy resources are con-
centrated in the eastern region, whereas
75 percent of the population and the
consumers of power are in the European
region. As a result the transportation of
fuel from east to west constitutes about
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40 percent of the country’s rail-freight
operations. The second reason is that
“nuclear power is less damaging to the
environment than conventional power.”

Although the U.S.S.R. opened its first
nuclear power plant in 1954, the pace of
expansion has been most rapid in the
past few years. Of the 18,000 megawatts
in installed nuclear capacity some 12.5
million kilowatts is supplied by plants
put into operation in the period from
1976 to 1982. The rate at which nuclear
power was introduced nearly tripled in
the last five-year period compared with
the preceding one. The rate at which nu-
clear power plants are being introduced
is about 2.5 times higher than the rate of
introduction of power plants burning
fossil fuels. During the current five-year
period the construction of new fossil-
fueled plants in the European part of the
country “will practically cease,” accord-
ing to Semenov, “and by 1985 almost all
the increase of installed capacity will be
from nuclear power plants.”

The U.S.S.R. also plans to give a good
deal of attention to breeder reactors,
which are designed to make more nucle-
ar fuel than they consume. (The pres-
ent program rests on two types of reac-
tor: the WWER pressurized, light-wa-
ter-moderated-and-cooled reactor and
the RBMK light-water-cooled, graphite-
moderated channel type.) Breeder reac-
tors have “a special priority,” Semenov
says, because the U.S.S.R. “clearly rec-
ognizes that the solution to long-term
nuclear-fuel problems for large-scale
nuclear-power programs requires the
wide use of breeder reactors.”

The Mitochondrion’s Message

he concept that aberrant nucleotide

sequences in DNA can be passed
from parent to child and cause inborn
disorders of metabolism is now a famil-
iar one. The nucleotide sequences carry
the instructions for making enzymes
and other proteins that are essential to
the functions of the living cell. There-
fore a disruption of the correct nucleo-
tide sequences can lead cells to make
abnormal proteins or to make none of a
particular protein. In all the familiar in-
stances of inherited human metabolic
disorders, such as sickle-cell anemia and
beta thalassemia, the incorrect genetic
information is in the DNA of the chro-
mosomes in the nucleus. Not all the ge-
netic material of the cell, however, is in
the chromosomes. For example, DNA is
also found in the mitochondria: the nu-
merous energy-producing organelles in
the cytoplasm surrounding the nucleus.
In a recent issue of The New England
Journal of Medicine Joseph Egger and
John Wilson of the Hospital for Sick
Children in London report the first in-
stance where a metabolic disorder has
been shown to be transmitted from par-
ent to child by the mitochondrial DNA.

Each mitochondrion consists of an
outer membrane wrapped around an in-
ner one to form a complex, irregular
oblong. In the spaces defined by the
two membranes are many copies of a
large set of enzymes. The enzymes me-
diate the oxidation of pyruvate, fatty
acids and amino acids to carbon diox-
ide and water. The oxidation is coupled
to the synthesis of adenosine triphos-
phate (ATP), which serves as the fuel
for many cellular reactions.

In order to carry out its function of
making ATP each mitochondrion needs
a full complement of enzymes. The ge-
netic information required to make the
proteins is divided between the DNA in
the nucleus and the DNA in the mito-
chondrion. The code for most of the en-
zyme components is carried by the chro-
mosomes. The code for the rest of the
enzyme components is carried by the ge-
netic material of the mitochondrion: a
double-strand DNA circle that in hu-
man cells is a few thousand nucleotides
long. The chromosomally coded pro-
teins are made on ribosomes in the cyto-
plasm and transported into the mito-
chondrion. The mitochondrially coded
proteins are made on ribosomes within
the mitochondrion.

Since some enzymes are coded in the
nucleus whereas others are coded in
the mitochondrion, a genetic disorder
of the organelle could have its origin in
the nuclear DN A or in the mitochondri-
al DNA. The nuclear and mitochondrial
forms of inheritance can give rise to
quite different patterns of transmission.

The nuclear pattern is Mendelian in-
heritance. Each trait that shows such in-
heritance is determined by at least two
genes, one on each member of a pair of
chromosomes. Each gamete (sperm or
egg) includes only one of the pair of
chromosomes. As a result the child does
not necessarily inherit the trait: it ap-
pears in a complex pattern in the next
generation, with some children inherit-
ing it and others not inheriting it. The
pattern is called segregation, and if it is
known whether the trait is dominant or
recessive, the probability of inheritance
can be calculated with considerable pre-
cision. It can readily be seen that a Men-
delian trait can be inherited from either
the mother or the father, because the
zygote (fertilized egg) contains one set
of chromosomes from each parent.

The traits coded by mitochondrial
genes, however, are transmitted by a
quite different mechanism. Almost all
the mitochondria in the zygote come
from the mother. The sperm contributes
very little cytoplasm to the zygote and
therefore contributes few cytoplasmic
organelles or none. Hence the mito-
chondrial DNA comes almost exclu-
sively from the mother.

Egger and Wilson noted the appear-
ance of the syndrome called mitochon-
drial cytopathy in successive genera-
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tions of 30 families; in each family the
disorder was known to be present in at
least two generations. Mitochondrial
cytopathy entails defects in the shape
of the mitochondria and in the struc-
ture of several mitochondrial enzymes.
The symptoms of the disease include re-
duced height, muscular weakness and
many malfunctions of specific organs.

In 27 of the 30 families the disease
was exclusively transmitted through the
mother. Fifty-one mothers and only
three fathers had passed the disease to
their children. Of the 130 siblings of def-
initely diagnosed victims of mitochon-
drial cytopathy, 89 showed symptoms
of the disease. This is a much higher
ratio than would be expected if Mende-
lian segregation were at work.

Egger and Wilson conclude that mi-
tochondrial cytopathy is transmitted by
the DNA of the mitochondrion. In ac-
counting for the fact that mitochondrial
cytopathy was transmitted by the father
in a few cases, they propose that occa-
sionally a mitochondrial gene could be
taken up into the nuclear genome (the
full complement of genetic information
in the nucleus). Once inserted into a
chromosome the gene would be trans-
mitted according to the rules of Mende-
lian inheritance.

If all the mother’s mitochondrial
DNA had the same defective nucleotide
sequences and the gamete got copies of
all the maternal mitochondrial genes,
then the children of a woman suffering
from the disease would all have the syn-
drome with the same degree of severi-
ty. In Egger and Wilson’s observations,
however, there was considerable varia-
tion in the severity of the symptoms, and
some children escaped the disease com-
pletely. It could be that not all of the
mother’s mitochondria contain the ab-
normal nucleotide sequences. When the
gamete is formed, copies of the mito-
chondrial genes are parceled out to the
egg according to non-Mendelian rules
of distribution. The number of copies of
the aberrant genes could vary from egg
to egg, and hence the severity of the dis-
ease would vary among offspring.

Quantum Evaporation

lbert Einstein’s explanation of the
photoelectric effect, in which an
electron is ejected from the surface of a
metal by light or some other form of
electromagnetic radiation, was a deci-
sive step in convincing many physicists
that Max Planck’s hypothetical quanta,
or discrete packets of energy, are physi-
cally real. One of the most straightfor-
ward analogues of the photoelectric ef-
fect is the evaporation of atoms or mole-
cules from the surface of a liquid. Under
normal circumstances, however, such a
large number of atoms or molecules
are ejected from the evaporating sur-
face that the presumed quantization of
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the thermal energy causing the evapora-
tion is smoothed out. Now three experi-
mental physicists at the University of
Exeter, M. J. Baird, F. R. Hope and
A. F. G. Wyatt, have designed a sensi-
tive apparatus that enables them to ob-
serve quantum evaporation under ex-
treme physical conditions. In quantum
evaporation a single atom is ejected
from the surface of a liquid by a single,
quantized thermal excitation of the lig-
uid. The work is reported in Nature.

The investigators point out that ordi-
nary evaporation remains far too com-
plex to be explained from the first prin-
ciples of the quantum theory. The dif-
ficulty is to understand how atoms
acquire the energy needed to overcome
the forces binding them to the surface of
the liquid, an energy that is often far
in excess of the average kinetic ener-
gy of an atom in thermal equilibrium
with the rest of the atoms in the liquid.
Hence in order to demonstrate quan-
tum evaporation the complex interac-
tions that give rise to ordinary evapora-
tion had to be eliminated; experimen-
tal conditions were imposed in which
the mechanism of evaporation would
match, as closely as possible, the mech-
anism proposed by Einstein to explain
the photoemission of electrons.

The quantum nature of the photoelec-
tric effect is evident in the frequency

threshold that must be crossed before
any electrons are emitted. Furthermore,
above the threshold frequency the kinet-
ic energy of the emitted electrons varies
directly with the frequency of the inci-
dent radiation. A change in the intensity,
or amplitude, of the incident radiation,
however, is inconsequential because an
electron can gain energy only in the dis-
crete amount carried by a single photon,
or quantum of radiation. The energy
content of a photon varies directly with
its frequency, and so only photons of
sufficiently high frequency can eject
electrons from a metal. The kinetic en-
ergy of the emitted electron is equal to
the difference between the energy trans-
mitted to it by the incident photon and
the binding energy the electron must
overcome in order to escape from the
metal.

The quantum-mechanical analogue
of the photon for thermal excitations is
the phonon. Asearly as 1912 Peter J. W.
Debye (and almost simultaneously Max
Born and Theodor von Karmén) recog-
nized that phonons, very-high-frequen-
cy pressure waves, could transmit ther-
mal energy through a liquid or a solid.
Although from a classical (non-quan-
tum-mechanical) point of view phonons
are merely distortions of the atomic me-
dium, quantum mechanics implies that
the phonon must also be understood as a

particle that moves through the medium
with a certain wavelength and carrying a
discrete amount of energy.

The major difficulty overcome by the
Exeter workers was in demonstrating
that the evaporation of an atom can be
caused by a single incident phonon and
not by some more complex interaction.
In many liquids the mean free path of a
phonon, that is, the average length of the
path before the phonon is scattered or
attenuated, decreases sharply with an
increase in the phonon’s energy. If a
phonon with sufficient energy to evapo-
rate an atom were experimentally intro-
duced into such a liquid, its mean free
path would be so short that by the time it
reached the surface of the liquid its in-
tegrity could no longer be guaranteed. If
evaporation were to take place, a mech-
anism for the evaporation analogous to
that for the photoelectric effect could
not be inferred. In a liquid consisting of
the isotope helium 4, however, the mean
free path of a phonon becomes quite
large for a range of phonon frequencies
above a critical value; the critical fre-
quency is greater than the frequency re-
quired to eject atoms from the liquid-
helium surface.

Baird, Hope and Wyatt submerged a
small heater in a bath of liquid helium 4
cooled to within a tenth of a degree Cel-
sius of absolute zero. The heater was
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connected by a rigid bar to a bolometer
above the surface of the helium that
could detect helium atoms emitted from
the surface. The bar was fixed to a car-
riage, and so the entire apparatus could
be moved up or down with respect to the
surface of the liquid helium. The dis-
tance between the heater and the bo-
lometer was measured, and the time be-
tween the emission of a pulse of energy
from the heater and the first detection of
helium atoms at the bolometer was re-
corded for numerous vertical positions
of the heater.

The pulse of energy at the heater in-
troduces phonons of many different fre-
quencies into the liquid helium. The ve-
locity of the phonons through the liquid
varies inversely with their wavelength,
so that the low-frequency phonons ar-
rive at the surface of the liquid first. On
the other hand, for phonons that are en-
ergeticenough to evaporate atoms from
the surface, the higher the frequency of
the phonon, the greater the velocity
of the emitted atom and the smaller
the time of flight of the atom from the
surface of the liquid to the bolometer.
Hence for a given depth of the heater in
the liquid there is a characteristic inter-
val between the heating of the liquid and
the arrival of helium atoms at the bo-
lometer, provided the phonon excita-
tions travel unimpeded through the

liquid. The measured times for many
different depths agree well with the pre-
dicted values, and so the experimenters
conclude that the energy required for
evaporation is transmitted by individu-
al phonons. They write: “Liquid helium
4, therefore, is the first liquid in which
we can understand evaporation at the
atomic level.”

Dynamic Proteins

Every textbook of molecular biology

includes dozens of drawings of mol-
ecules. In some of them balls represent-
ing atoms are joined rigidly by sticks
representing bond lengths and angles;
in others rigid three-dimensional forms
represent the volume of influence of
each atom’s electrons. In a way the
drawings are misleading: they show only
the average form of the molecule over a
long period of time. In actuality the mol-
ecules of importance in molecular biol-
ogy tend to be fluid. For example, globu-
lar proteins, which consist of compact,
serpentine chains of amino acids, are
flexible: the bonds that link the succes-
sion of amino acids can rotate, so that
over times on the order of 10-13 second
“the motion of individual groups” in the
protein is “similar to that of small mole-
cules in a liquid. The groups jiggle about
as a result of frequent collisions with the

surrounding ‘cage’ atoms” in the liquid.
Over longer periods “larger regions in
the protein molecule” make ‘“‘slower
elastic movements.”

The above quotations are from a dis-
cussion of the fluid motions of globular
proteins by J. Andrew McCammon of
the University of Houston and Martin
Karplus of Harvard University. In an
article in Accounts of Chemical Research
McCammon and Karplus treat the sub-
ject as a new theoretical science. The
first step, they write, is to devise a math-
ematical description of the potential
energy of a protein as a function of
the positions of its atoms. The descrip-
tion includes terms depending on bond
lengths and bond angles. Additional
terms represent interactions between at-
oms in the protein that are not bonded to
each other. Such interactions are ‘“‘im-
portant in globular proteins because of
the dense packing of atoms in these mol-
ecules.” Indeed, the ‘“close-packed na-
ture of globular proteins” makes their
short-term properties similar to those of
a “simple liquid” in which “molecules
are composed of hard sphere atoms;
that is, the structure is one that opti-
mizes the packing of such molecules,
and the molecular motion reflects the
frequency of collisions between them.”
The completed description of the poten-
tial energy of the protein readily yields a
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mathematical description of the forces
acting on each atom, and then, by New-
tonian equations, the description of the
forces yields a description of how the
molecule moves over time.

Slower motions in the protein require
different methods. In one method the
motion of “a group of side-chain atoms
in a protein” is taken to be analogous to
the diffusion of a molecule through a
liquid or a solid. “It is therefore a tem-
perature-dependent quantity and typi-
cally becomes softer, or more permis-
sive, as the mobility of neighboring
groups increases.” Again the interac-
tions between atoms that are not bonded
to each other prove to be important.
“These interactions produce randomly
varying forces that act to speed or slow
the motion of the group in a given direc-
tion.” The motion itself entails a certain
degree of friction between the group and
its surroundings, and that too must be
taken into account.

The dynamics of certain parts of cer-
tain proteins have already been modeled
in detail. Bovine pancreatic trypsin in-
hibitor (BPTI) is an example. The atoms
in BPTI turn out to fluctuate about their
average positions by distances compara-
ble to the radii of the atoms. The fluctu-
ations “increase markedly near the pro-
tein surface.” The 21st amino acid in the
chain of BPTT is tyrosine, which is nota-
ble for a ring of carbon atoms project-
ing outward from the backbone of the
chain. The ring turns out to twist about
its bond to the backbone; “the motion is
analogous to the rotation of a benzene
[ring] about an axis passing through two
atoms at opposite vertices of the ring.”
In BPTI the time-averaged amplitude of
the twisting (about 12 degrees) is limited
by “hindrance between atoms in the ring
and those in the cage surrounding the
ring,” but “large-scale distortions of the
protein produce small changes in the
overall shape of the cage, with a con-
comitant alteration of the ring orienta-
tion.” Sometimes the ring flips: it twists
180 degrees. The theoretical studies sug-
gest that the flip requires only .5 to 1
picosecond and that it occurs “not as the
result of a particularly energetic colli-
sion with some cage atom but as the re-
sult of a transient decrease in frequency
and intensity of collisions that would
drive the ring away” from having the
energy a flip requires.

McCammon and Karplus suggest that
“the dynamical nature of protein mole-
cules is essential to much of their biolog-
ical activity. Indeed, it is reasonable to
suppose that the internal flexibility of
proteins and some of their dynamical
characteristics have been shaped by ev-
olution to allow efficient expression of
protein function.” It is known that the
protein myoglobin, which binds oxygen
molecules in muscle cells, has “no chan-
nel for oxygen entry.” The entry “is de-
pendent on transient structural fluctua-
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tions.” On larger scales the hinged mo-
tion of parts of a protein may modulate
the rate at which the protein acts, say, as
an enzyme, that is, as a catalyst. The
theoretical study of protein dynamics
should make it possible to predict such
rates “before the end of this century,”
and the predictive ability “will ultimate-
ly be of practical use in connection with
genetic engineering and industrial en-
zyme technology.”

Star Grazers

wo workers at the Lunar and Plane-

tary Institute in Houston studying
the images from the 1976 Viking mis-
sion to Mars noticed something funny
about the craters that pit the Martian
surface. Too many of the craters were
elongated rather than circular, and the
direction of the major axis of the elon-
gated craters seemed to vary systemati-
cally with their age. A catalogue of 176
such craters confirmed this impression
and led Peter H. Schultz and Anne B.
Lutz-Garihan to some startling conclu-
sions about the bodies that produced the
craters and the reason for the variation
in the axis of the craters. They present
them in a recent issue of Journal of Geo-
physical Research.

Most impact craters on the moon,
Mars and Mercury are relatively circu-
lar and are surrounded by a symmetrical
pattern of ejecta. An elongated crater
with a butterfly-wing pattern of ejecta
perpendicular to the long axis of the cra-
ter is produced only by a grazing impact.
Laboratory experiments have shown
that the angle of impact must be less
than five degrees to make craters with
both these identifying characteristics.
For objects in orbit around the sun, such
as asteroids or comets, the most proba-
ble angle of impact with another body is
45 degrees. The probability of impact at
anglesless than five degreesis.7 percent.
On the maria (lava plains) of the moon
there is only one grazing-impact crater
larger than three kilometers, a frequen-
cy consistent with the theoretical proba-
bility of grazing collisions between he-
liocentric objects and the moon. On the
lava plains of Mars, however, about 5
percent of the craters are grazers, a fre-
quency 10 times higher than collisions
with heliocentric bodies should have
produced.

When the 176 Martian grazers were
grouped according to their age (deter-
mined on the basis of the degree to
which they had been eroded), it became
apparent that the major axes of craters
of roughly the same age often fall on the
same great circle and that the great cir-

cles traced by the axes of older craters

are increasingly inclined toward the
Martian equator. In other words, the
axes of newer craters are roughly east-
west with respect to the Martian geo-
graphic poles and the axes of older cra-
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ters are increasingly north-south with
respect to the poles.

After considering several possible in-
terpretations of the evidence Schultz
and Lutz-Garihan conclude that the
grazers were produced not by heliocen-
tric bodies but by areocentric ones: a
large family of Martian satellites whose
orbits decayed over time. The consisten-
cy of the orientation of the axes of im-
pact indicates that at any given time the
satellites had orbits with nearly the same
inclination. This suggests that a swarm
of smaller satellites may have been cre-
ated by a process such as the incom-
plete accretion of one large satellite, at
least 225 kilometers in diameter. The
tiny Martian moons Phobos (which will
collide with Mars in about 10 million
years) and Deimos may be the last mem-
bers of this large family.

Schultz and Lutz-Garihan also con-
sider two possible explanations for the
variation of the axis of cratering with
time. They conclude that the axis
changed not because the inclination of
the orbits of the satellites changed but
because the Martian crust moved. Any
of several processes causing substantial
changes in the moment of inertia of the
planet (the distribution of mass with re-
spect to the spin axis) could have caused
the crust to migrate. For example, the
orientation of the long axes of the graz-
ing craters shifted from north-south to
east-west at about the same time as the
first major epoch of Martian volcanism
began. The volcanic and tectonic proc-
esses that formed a large uncompensat-
ed mass such as the Tharsis province on
the surface of the planet and the upwell-
ing of dense mantle material that may
have accompanied the formation of the
mass would have significantly changed
the moment of inertia. Centrifugal force
would then have caused the mass to mi-
grate toward the equator (outward) until
the greatest mass (the principal moment
of inertia) coincided with the equator
and the smallest mass (the minimum
moment of inertia) coincided with the
planet’s pole or spin axis. The orienta-
tion of the axes of the Martian grazers
provides a clear record of the redistribu-
tion of mass with respect to the spin axis
caused by the migration of the crust.

It can be shown on this basis that the
points on the Martian surface that are
now the geographic poles were once at
much lower latitudes. In general the var-
iation of the axis of cratering records the
wandering of the Martian geographic
poles much as the alignment of magnet-
ic grains in the rocks of the earth’s crust
records the wandering of the earth’s
magnetic poles. The Martian grazers
might thus serve as the basis for recon-
structions of the past geography of Mars
just as remanent magnetism serves as
the basis for reconstructions of the past
distribution of the continents of the
earth.



French Communications:
Exporting
Technical Expertise

This special report on French communications was written by Joel Stratte-
McClure following visits to public and private research facilities, government
agencies and industrial companies throughout France.
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CREATING A DOMESTIC INFRASTRUCTURE

One of the cornerstones of the
French government’s ambitious at-
tempt to become a global force in high
technology (see “French Telecommu-
nications Digital Technology and the
Télématique Program” and “French
Technology: Preparing for the 2l1st
Century,” in the September 1980 and
November 1982 issues of this maga-
zine, respectively) is to enhance the
lead it has established in numerous sec-
tors of military and civilian communi-
cations. During the past decade France
has developed and created a number
of advanced products and systems, in-
troduced a wide range of domestic
communications services, launched a
variety of long-term research and de-
velopment (R&D) projects, contribut-
ed to international standards and pene-
trated the international marketplace.

The transition in French communi-
cations began in 1975, when the mod-
ernization of the domestic telephone
network became a priority of the coun-
try’s seventh five-year plan. $30 billion
was initially allocated to improve the
internal telecommunications network
and increase the number of subscriber
lines from 6.2 million in 1974 to over
20 million in 1983.

The technical emphasis was on the
development and introduction of elec-
tronic time division multiplex (tdm)
switching (the world’s first electronic
tdm switching center was operating in
France in 1970), digital pulse code
modulation (pcm) transmission, a pack-
et-switched data network and a multi-
service domestic satellite system.
Government and industrial R&D
concentrated on microelectronics, op-
toelectronics, intelligent terminals and
networks, optical and satellite commu-
nication systems, computer and micro-
processor assistance to network func-
tion and new communication concepts.

In the late 1970’s, the French
launched the télématique (a word
formed by combining télécommunica-
tions and informatique, which means
data processing) program. Télématique
integrates numerous compatible prod-
ucts and services into a harmonious
network permitting data and other
forms of information to be transferred
speedily using pcm transmission and
tdm switching techniques. Today the
emphasis in French communications is
on utilizing the country’s semi-digital
network infrastructure to create easy-
to-use low-cost télématique services for
companies, community organizations
and individuals. 7Télématique trans-
forms the public switch telephone net-
work (pstn) into a multifunctional tool
that answers a variety of communica-
tion requirements.

In 1986, it will be possible for

French subscribers to have an all-digi-
tal dialing network with a 64 kilobits
per second (kbit/s) transmission rate
providing access to a fuller range of
new services. Digitization of the net-
work to the subscriber level will pro-
duce a digital synergy merging termi-
nations, private branch exchanges
(pbxs), cellular radio and satellite ser-
vices with new forms of transmission—
primarily satellite, fiber optics and
packet switching. The result will be the
concurrent storage, processing and
transmission of text, data and voice on
a single carrier.

In addition, the government recent-
ly decided to complement this inte-
grated telephone and data network
(itdn) with a nationwide fiber-optical
videocommunications network—which
will pave the way for the implementa-
tion of a wide-band integrated services
digital network (isdn). The French are
gambling on its also enabling them to
leapfrog their competitors on the tech-
nological front and further exploit ex-
port markets.

PTT:
PROVIDING THE DIRECTION

The French communications effort is
controlled by the PTT—the Ministry of
Postes, Télécommunications and Télé-
diffusion—which owns, regulates and
operates the national telecommunica-
tions network. The PTT directs and
executes telecommunications, televi-
sion and postal policy and is responsi-
ble for the pace of technical change,
the type of equipment permitted on
the market and the services available.

The Direction Générale des Télé-
communications (DGT) is the telecom-
munications arm of the PTT and im-
plements telecommunications policy.
Within the DGT are the Direction of
Industrial and International Affairs
(DAII), the National Telecommunica-
tions Research Center (CNET) and oth-
er affiliates responsible for overseeing
the effort.

While some PTT’s are moving to-
wards deregulation, there is no inten-
tion of further liberalizing telecommu-
nications policy in France. In 1982, the
government—continuing a process be-
gun in the mid-1970’s, when some for-
eign firms were forced tc sell their
telecommunications  operations in
France to local companies—national-
ized major telecommunications, data
processing and electronics firms.

“Nationalization will permit more
collaboration, promote efficiency and
provide a unified effort,” says Louis
Mexandeau, Minister of the PTT. “It
helps France avoid duplication of R&D
and speeds up development. In addi-
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tion, industry will remain tightly regu-
lated because the alternative leads to
an absence of any global planning and
guidance—often resulting in higher
charges and deteriorating service.”

Although the current French eco-
nomic austerity program has led to bud-
get reductions throughout the public
sector, the PTT remains a major innova-
tive force in the country’s development.

“Our charter provides that the bud-
get will remain at 27 billion French
Francs (FF)* for the next four years,”
says Mexandeau. “The primary expen-
ditures will be development of the regu-
lar telephone network, télématique ser-
vices and wide-band cable technology.”

Jacques Dondoux, the Director Gen-
eral of Telecommunications, contends
“France has introduced télématique
products and we intend to make télé-
matique profitable, establish a compet-
itive fiber optic industry, launch our
domestic satellite and increase tele-
phone traffic.”

THE EMPHASIS ON
ELECTRONICS

The electronics industry, with 1,700
companies and a workforce of 490,000,
is the keystone of the French industrial
program. As part of a government
plan, 140 billion FF is slated to be in-
vested in electronics by the state and
industry during the next five years,
with 80 billion FF earmarked for tele-
communications and professional elec-
tronics.

The key goal is to reduce the nega-
tive trade balance in electronics prod-
ucts, which rose from 6 billion FF in
1981 to 12 billion FF in 1982. Another
aspect of the plan is to create a strong
domestic industry and boost the
French presence in export markets.
France represents about 5 percent of
the world electronics market, but 52
percent of the French electronics and
telecommunication markets is con-
trolled by foreign companies—primari-
ly from the U.S. (22 percent), Japan (7
percent), West Germany (7 percent),
and Holland (6 percent). Excluding
their domestic market, the French
have only 1.4 percent of the world
electronics market—and only 0.3 per-
cent of the U.S. electronics market and
less than 2 percent of the U.S. telecom-
munications market. The electronics
effort is meant to alter this situation.

“The solid structure of French tele-
communications will bring a dynamism
to other electronics sectors,” predicts
Mexandeau.

Critics contend that the French elec-

*At the time of writing, 1 U.S. dollar
equals approximately 8 FF.
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tronics plan, much of which is under
the supervision of the PTT, is too vast
and financially unrealistic. But most
observers agree that France has a tech-
nical lead in telecommunications that
can be exploited.

THE INDUSTRIAL STRUCTURE

The French want to have at least
two domestic suppliers in most areas of
telecommunications rather than create
a nationalized “Telephone de France.”
Although some foreign companies
have participated in the development
of French telecommunications, most of
the effort is allocated to domestic com-
panies.

Five companies, nationalized or
partly owned by the French state as
part of President Frangois Mitterrand’s
Socialist program following his election
in May 1981, are the prime industrial
movers behind the communications ef-
fort: Bull, Compagnie Générale de
Constructions Téléphoniques (CGCT),
CIT Alcatel, Matra and Thomson-CSF.

CIT Alcatel is a subsidiary of the
Compagnie Générale d’Electricité,
(CGE), the fifth largest company in
France, and has always conducted a
strategic concertation with the govern-
ment.

“The nationalization has had a favor-
able influence because it provides the
long-term outlook needed in the tele-
communications industry,” says Pierre
Chavance, CIT Alcatel’s director gen-
eral.

Today CIT Alcatel is a leading manu-
facturer of tdm switching systems (30
percent of the world market), 30-chan-
nel pcm equipment, submarine tele-
phone systems and electronic pbxs. Its
affiliate Alcatel Electronique is a spe-
cialist in mail handling, peripheral tele-
communications equipment, radio-
communications and electronic telex
terminals. SESA, in which CIT Alcatel
has a 55 percent stake, is the leading
French company in the area of packet
switching networks, and its affiliate Cé-
bles de Lyon is France’s largest manu-
facturer of telecommunications cables.

Thomson-CSF—part of the Thomson
group and a leading exporter of detec-
tion systems, microwave equipment,
satellite earth stations and radio/TV
transmitters—has about 40 percent of
the French tdm public telephone
switching market and 21 percent of
the private telephone market. Thom-
son has recently restructured its tele-
communications activities, placing a
priority on forming more international
agreements and penetrating the U.S.
market.

“We have synthesized the wide
range of our activities in communica-
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tions to provide customers with com-
plete turnkey systems in numerous
areas,” says Jacques Darmon, the head
of Thomson-CSF’s communications
branch.

The Thomson-CSF communications
branch includes public telecommuni-
cations, radio communications, busi-
ness communications, knowledge in-
formation processing systems and
software.

Matra—a diversified defense, elec-
tronics and communications group—is
consolidating its telecommunications
industrial base for increased develop-
ment of pbxs and terminals. Participa-
tion by the French state in Matra has
not altered the company’s ambitious
diversification philosophy, which has
led to numerous international joint
ventures.

“The French government has not re-
placed our management as it has with
other newly nationalized companies,”
says Maurice Remy, director of Matra’s
telecommunications branch.

CGCT, a former subsidiary of ITT,
previously manufactured space divi-
sion electronic switching systems. Af-
ter two years of government debate,
however, it has been given a license to
manufacture the Thomson-CSF range
of digital switching systems. CGCT also
specializes in private telephone sets
and systems and manufactures a range
of pbxs, telephone and télématique ter-
minals, teletex equipment, decoders
and local area networks.

“We needed both government mon-
ey and the decision to manufacture a
digital switching system in order to sur-
vive,” says CGCT president Pierre Les-
trade.

Bull (formerly Cii-Honeywell Bull) is
the second largest European vendor of
data processing equipment. The
French government has signed a com-
prehensive agreement with Bull to de-
velop a complete range of data pro-
cessing products, including software,
components, mini- and microcomput-
ers, office automation networks and
medium-sized and large computer sys-
tems. Honeywell retains just under 20
percent of Bull and has renewed an
existing technology and marketing
agreement for ten years.

“Our task is to integrate our wide
scope of activities and participate in
the rapid developments taking place in
French communications,” says Claude
Boulle, director of Bull’s networks and
communications group.

The group G3S includes CSEE
(Compagnie de Signaux et d’Enter-
prises Electriques), SAGEM (Société
d’Applications Générales d’Electricité
et de Mécanique) and SAT (Sociéte An-
onyme de Télécommunications). For-
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ty-three percent of G3S activity is in
telecommunications and data process-
ing areas, including local and long-dis-
tance cables, microwave radio links,
transmission equipment, teleprinters
and teletex, facsimile transmission
equipment, telephone and telegraph
electronic switching, telemetry, tele-
phone networks, cable TV, automatic
postal sorting equipment and disk and
bubble memories.

“Although there was initially con-
cern that the government would pri-
marily support nationalized compa-
nies, we are still getting our fair share
of work from the PTT,” says Francois
Le Menestrel, chief executive officer of
SAT. “We’ve maintained our market
share in cables, transmission and mi-
crowave activites and export 30 per-
cent of our turnover.”

Jeumont-Schneider, part of the Em-
pain Schneider group, produces com-
ponents and software, markets a line of
electronic pbxs and manufactures a
rural tdm switching system.

TRT (Télécommunications Radio-
électriques et Téléphoniques), an affili-
ate of Philips, is active in microwave
radio systems, radio communications,
data communications and switching,
telephone transmission, télématique
terminals and integrated digital sys-
tems.

INDUSTRIAL DEVELOPMENTS

Though the list of French communi-
cations projects is extensive, it is worth-
while surveying some of the more im-
portant activities.

INTEGRATED CIRCUITS: French
companies have licensed chip-making
technology and basic chip design from
abroad, creating joint ventures and
technology cross-licensing agreements
with American firms. Following an ex-
pensive five-year integrated circuit
plan, France has reorganized its com-
ponents industry around two industrial
poles, Thomson-CSF Components and
Matra-Harris Semiconducteurs.

In 1982, French manufacturers ac-
counted for only 5 percent of the do-
mestic microprocessor and MOS mem-
ory markets (45 percent if foreign
groups are included) but the French
government will spend 4.5 billion FF
on the integrated circuit industry from
1983 to 1986 in an effort to equalize
the trade deficit.

SOFTWARE: France, Europe’s larg-
est supplier of software, developed the
ADA language, powerful software for
tdm switching (which requires about
1.2 million instructions) and software
for télématique and videocommunica-
tion applications.

“France is effectively disseminating



the use of computers that will encour-
age more software advances,” says Mi-
chel Jalabert, vice president of corpo-
rate development at information
engineering services company Cap
Gemini Sogeti.

Cap Gemini Sogeti and Steria have
provided most of the software for the
country’s télématique videotex experi-
ments; France Cibles & Radio subsid-
iary Télésystems plays an active role in
data processing and produces software
for electronic mail, network engineer-
ing, applications software and video-
tex; Sligos has developed software
packages for the smart card; and Bull is
expanding its range of sophisticated
software for its data processing prod-
ucts and systems.

DIGITAL SWITCHING: The last
electromechanical  telephone  ex-
changes in France were ordered in
1981, and the PTT continues to invest
heavily in semi-digital and digital ex-
changes for cost-effective expansion
(tdm is 30 percent less expensive than
space division switching) and modern-
ization of the telephone network. In
1983, more than 90 percent of the
DGT’s orders for switching equipment
will be tdm, and more than 3 million
digital lines are already in service.

The results of digital switching are
numerous—better service, simplified
engineering because of its modular
structure, sophisticated administration
and maintenance, and enhanced fea-
tures—and the PTT is now ordering
second-generation systems from CIT
Alcatel (E10 B local exchanges and E
12 transit centers) and Thomson-CSF
(MT 20 transit centers and MT 25 local
exchanges).

CIT Alcatel, whose E 10 switching
system has been ordered by 34 coun-
tries, has a technological and commer-
cial lead on Thomson-CSF, whose MT
range of tdm exchanges has been or-
dered by 16 countries. CIT Alcatel’s
E 10 all-electronic telephone ex-
changes won 50 percent of the orders
from the PTT last year against 35 per-
cent for Thomson-CSF and 15 percent
for CGCT. But both companies must
now concentrate on the international
marketplace, where the real marketing
battle is being waged.

French industry has also developed
modular, medium-capacity digital sys-
tems for telephone and télématique ap-
plications, including the E 10 S from
CIT Alcatel and the MT 35 from
Thomson-CSF.  Jeumont-Schneider’s
JISCOS electronic public switching ex-
change has been designed for low- and
medium-density population areas, and
SAT manufactures the TC 300 digital
public switching system with a capa-
city of over 8,000 subscribers for rural
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or medium-density zone telephone
networks.

French companies are examining
the evolution of digital switching
equipment. “There will be a definition
of new products based on applications
such as animated images,” says Jean-
Claude Grynberg, head of the industri-
al switching group at the DGT. “Once
manufactured, systems will then be tai-
lored to individual needs.”

“Industry is moving towards decen-
tralized systems of autonomous sub-
scriber connection units,” adds Jacques
Hauri, product planning manager of
Thomson-CSF’s public switching divi-
sion. “There will be an integration of
services with a more flexible system.”

CABLE AND TRANSMISSION: Ac-

companying the introduction of tdm
switching is the corresponding pcm
digital transmission supporting envi-
ronment. The French are converting
the transmission system from analog to
digital techniques that use hierarchical
operating channels to transmit over co-
axial cable, microwave radio relay and
optical fibers. Digital transmission re-
duces the required amount of coding
and multiplexing equipment, permits
more circuits to be established on exist-
ing cables and facilitates transmission
of new services.

The three primary cable manufac-
turers are CIT Alcatel, SAT, and
Thomson-CSF subsidiary LTT (Lignes
Télégraphiques et Téléphoniques). In
addition, SAT, Thomson-CSF, and TRT

FRENCH COMMUNICATIONS:

SMALL COMPANIES ARE PROSPERING

While nationalized and large private
companies in France handle a substan-
tial amount of telecommunications ac-
tivity, a number of smaller firms are
also making considerable technical
breakthroughs and creating an interna-
tional commercial impact.

“We are trying to find the best syn-
ergy possible between the investment
and research capabilities of national-
ized firms and the innovative capacity
of smaller companies,” says the DGT’s
Jacques Dondoux. “Innovations range
from products associated with digital
and packet switching to the téléma-
tique arena and private telephony.”

Some examples:

—Barphone, located in Saumur in
the Loire Valley, has established a
worldwide commercial network to
market its telephone terminals and ac-
cessories, which include fully electron-
ic key sets.

—BOGA, with manufacturing facili-
ties in the Normandy town of Fécamp,
specializes in equipment for the inter-

Numerous small French companies are active in
telecommunications. This portable minitel termi-
nal is manufactured by FIET.
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face between subscribers and the auto-
matic telephone exchange.

—FIET (France Informatique Eléc-
tronique & Télématique), with a plant
at Chateaugiron in Brittany, manufac-
tures a 26-pound portable terminal
that houses a 5.5-inch pop-up black-
and-white CRT screen, a full alphanu-
meric keyboard and a 40 character per
line matrix printer.

—Tekélec has developed an X.25
software package for its TE 92 packet
switching analyzer simulator that has
become a model for diagnostic soft-
ware for public and private networks.
Its pcm and data transmission testing
instruments are manufactured in Pes-
sac, near Bordeaux.

—Visioptronic in Paris manufactures
videophones and other products for
video communications systems, includ-
ing wide-band intercoms, cables and
connectors.

—XCom in Grenoble is working on a
variety of télématique products and ap-
plications, including computer transla-
tion. The company has developed a
system for speech synthesis from text,
using a program designed to calculate
the intonations of sentences and
phrases from their punctuation marks.
The S-100 card, employing a system of
diphones, is based on a CNET speech
synthesis coding circuit and an 8085
microprocessor. The card could be
used for distribution of messages from
a data bank, creation of public service
messages, man-machine dialogue and
industrial processes.

The important role of small compa-
nies in telecommunications cannot be
emphasized enough,” says Dondoux.
“They are the inspiration for the indus-
try.”
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compete for the microwave market;
TRT and SAT are leaders in the mo-
dem market; and multiplexer and am-
plifier suppliers are CIT Alcatel, SAT
and LTT. For several years, the DGT
orders for transmission systems have
been for digital equipment.

The major effort in the transmission
field is to equip France with fiber-opti-
cal networks, including interurban
links, wide-band links to subscribers,
submarine cable and optical fibers for
video telephone and video teleconfer-
ences. Most manufacturers provide ca-
ble and optical fiber telecommunica-
tions equipment, including long-haul
analog and digital transmission systems
for land links; cable for local networks
and subscriber connection; equipment
for télématique transmission, including
the connection of professional termi-
nals, facsimiles and data transmission
equipment; and optoelectronic compo-
nents.

PRIVATE TELEPHONY: Numerous
French companies—CGCT, CIT Alca-
tel, Jeumont-Schneider, Matra, SAT
and Thomson-CSF—are producing
multifunctional pbxs with digital tech-
nology that save space and improve
reliability. They include the basic com-
ponents of a controller with sophisti-
cated software, a switch matrix, a num-
ber of interface modules and
transmission at 64 kbit/s. Sales of digi-
tal pbx equipment are expected to sur-
pass analog in 1984—simultaneously
creating a large market for vlsi chips,
coder-decoders and subscriber line in-
terface circuits (slics).

“There is a competitive, open mar-
ket for pbx equipment in France, but
the return is not great because the cost
per line is much less than in the U.S.,”
says Jeumont-Schneider’s commercial
director Jacques T. Darmon. “We be-
lieve there is a great role in the office
for the multiservice pbx as a local area
network.”

A number of companies are market-
ing the T 83, the new electronic tele-
phone set available to French subscrib-
ers, as well as a variety of terminals for
domestic use and export.

“The leadership for requirements
and needs in private telephony comes
from the U.S., but the market is world-
wide,” says Francois Dufaux, director
of Thomson-CSF’s private telephone
division.

VIDEOTEX: Two French videotex
systems are operating today. The Télé-
tel interactive videotex uses the tele-
phone line to transmit requested infor-
mation, and the ANTIOPE (Numerical
Acquisition and Televising of Images
Organized in Pages of Writing) teletext
broadcasts information repetitively in
the blanking interval between frames
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on the television channel.

One aspect of the Télétel videotex
system is the electronic telephone di-
rectory, inaugurated in Britanny last
February and progressively available
in most other French cities. The elec-
tronic directory program could be con-
sidered the largest conversational data
processing system in the world. Six
hundred thousand minitel interactive
terminals (minitel is the generic name
for a range of stand-alone interactive
videotex terminals) have been ordered
by the PTT, and approximately
140,000 terminals will be in service by
the end of 1983. By 1990, the PTT says,
every Frenchman will be able to ex-
change the telephone book for a free
minitel. This volume provides for rela-
tively low-cost terminals compatible
with other videotex services.

Cap Gemini Sogeti, Matra, TRT and
Bull are developing one system, while
Bull, CIT Alcatel, SESA and SINTRA
Alcatel are producing a second. The
extension on a national basis will be the
responsibility of Cap Gemini Sogeti,
SESA and CIT Alcatel. SESA and IBM
are also working with the PTT on a
computerized directory service for op-
erators.

“The directory, which will enable
the user to obtain telephone numbers
throughout France, is not a goal in it-
self but a means of communications
opening the way for other télématique
services,” says Jean-Paul Maury, head
of the project at the DGT.

Télétel, which combines the elec-
tronic directory with other interactive
services, was tested in 2,241 house-
holds near Paris and included timeta-
bles, news, teleshopping, stock quota-
tions and information from other data
banks provided by 190 service suppli-
ers. A study of users indicated that the
average consultation lasted 14.5 min-
utes, accessed 3.6 data bases and in-
volved transmission of about 47 televi-
sion frames of information.

Some French firms are using porta-
ble videotex terminals to provide sales
representatives wih instant two-way
access to computerized records. The
towns of Grenoble and Nantes are run-
ning municipal videotex systems, and
the Crédit Mutuel de Bretagne is using
the minitel for home banking services.

THE SMART CARD: The smart card
is an intelligent plastic credit card con-
taining an imbedded integrated circuit
capable of storing information and con-
ducting numerous transactions without
costly interfaces or communication
with a central computer. It can be em-
ployed as an electronic checkbook for
point-of-sale purchases, a telepayment
card to conduct financial services over
a videotex system, a high-security au-

The latest generations of digital switching exchanges manufactured by CIT Alcatel and Thomson-CSF
are the E 10 (left) and the MT 20, photographed respectively in Lebanon and Jordan.

FRENCH COMMUNICATIONS:

SUBMARINE CABLE

Although satellites are obviously an
important factor in the future of tele-
communications transmission, numer-
ous countries will continue installing
submarine cable systems during the
1980’s. France helped spearhead un-
derwater links in 1957 using coaxial
cable, and over 40,000 kilometers of
French-manufactured submarine links
are in service. Manufacturers are pro-
posing systems with capacities ranging
from 500 to 5,000 channels.

Submarine transmission is ideal for
conveying traffic requiring large cir-
cuit capacities over short and medium-
distance point-to-point links. Existing
high-performance capacity submarine
cable systems have improved transmis-
sion quality and reliability and reduced
maintenance. And while capacity has
increased, the cost of submarine cir-
cuits has decreased. The price per kilo-
meter of circuit for a transatlantic tele-
phone channel has declined from $140
in the 1950’s to $9 today.

One important project currently tak-
ing advantage of these improvements
is the largest analog submarine cable
ever installed. The SEA-ME-WE
(Southeast Asia-Middle East-Western
Europe) cable will be 14,000 kilome-
ters in length and link France with Sin-
gapore when it is completed in 1985.

The introduction of fiber-optical sub-
marine transmission will meet in-
creased intercontinental traffic de-
mands and play an important role in
establishing networks capable of vari-
ous teleprocessing applications. Nu-
merous government and commercial
studies are under way in France to ex-
tend digital transmission on optical fi-
bers. An optical fiber cable has been
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laid on the French Riviera, and a sub-
marine fiber-optic link between Corsi-
ca and France with a flow rate of
2x 140 Mbit/s is scheduled to come
into service in 1985.

The French have played a major role
in the evolution of submarine cable
technology—aimed at improving trans-
mission quality, reducing costs and
increasing traffic-handling capacity.
Their effort has resulted in substantial
improvements in the manufacture of
cable components—including the ca-
ble itself, repeaters, equalizers and ca-
ble-laying equipment.

R&D on submarine cable is geared
towards decreasing attenuation by im-
proving the quality of the structures
and materials used for conductors. Re-
peaters, the submerged units used to
amplify signals, have increased gains
and passbands, broadband transistors
have been developed, and automatic
gain regulation systems have been in-
troduced. Improved equalizers permit
the remote control of characteristic
frequencies from terminal stations and
allow reliable remote monitoring and
fault locating.

Submarcom, a joint venture of CIT
Alcatel and Cébles de Lyons, bid for a
role in the $300 million contract for
the first transatlantic cable (TAT-8) us-
ing optical fibers. The cable, slated for
deployment in early 1988, will handle
40,000 calls simultaneously and double
the amount of voice and data traffic
that can now be transmitted between
Europe and North America. Other
French companies, such as PTT affili-
ate France Cibles et Radio, provide
cable-laying ships and equipment.
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thorization and access card, a portable
file card, a prepaid card for pay tele-
phones, or a billing method for com-
puter time sharing, pay television pro-
grams, or other electronic services.

The French launched three ongoing
large-scale field trials with 120,000
cards and 650 point-of-sale terminals in
three cities—Lyon, Blois, and Caen—as
part of a 50 million FF test being fi-

FRENCH COMMUNICATIONS:

THE WORLD’S LARGEST X.25 PACKET-SWITCHED NETWORK

The French public packet-switched
data network has substantially promot-
ed the use of distributed data process-
ing by providing access to computers
from remote terminals—with tariffs in-
dependent of distance. The Transpac
network, which is connected through
the international transit node to the
European Economic Community net-
work (Euronet) and data networks in
20 other countries, has transparent fea-
tures allowing users anywhere to be
connected to the data storage and pro-
cessing capabilities of large machines.

Almost any remote processing need
can be met by Transpac. Its uses cover
inquiries, updating files, time sharing
and on-line data transaction process-
ing. It can also handle off-line data col-
lection with deferred transmission.
Consequently, Transpac is an impor-
tant factor in the expansion of video-
tex, teletex, high-speed facsimile,
point-of-sale transactions and electron-
ic mail. The videotex national network,
for example, is based on Transpac and
uses distributed gateways throughout
France. Transpac is also the link be-
tween host computers in the electronic
directory systemn and is used as the
transmission vehicle for the point-of-
sale tests in Saint-Etienne.

The Transpac packet-switched data network,
with its operational center in Rennes, provides
access to computers from remote terminals with
tariffs independent of distance.
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Transpac, providing the circuit be-
tween a customer’s terminal equip-
ment and the network, is articulated
around data concentrating and switch-
ing processors. Information is submit-
ted to the transmission network in the
form of “packets,” with network nodes
forwarding the packets as they are re-
ceived. The switching nodes are inter-
connected by a highly meshed net-
work of fast data channels with at least
two 72 kbit/s links between each pair
of switches. Operation of the network
is supervised by a national manage-
ment center.

Transpac entered service at the end
of 1978 with twelve switching centers
and a capacity of 1,500 subscribers. To-
day there are over 11,000 direct sub-
scribers and 22 switching centers in 20
cities, and transmission potential has
been increased from 50 bit/s to 48
kbit/s. Eleven hundred additional us-
ers access the system through the pstn
and telex networks, from 300 bit/s to
1200 bit/s.

A new type of switch, SESA’s DPS
25, has been introduced to accomodate
growth in network connections and
traffic. It permits the installation of
small satellite switches, a gradual in-
crease in the number of main nodes
and specialization of certain switches
as transit nodes.

The Transpac network involves the
participation of a number of French
companies. Network designer SESA,
TRT and Bull subsidiary SEMS are re-
sponsible for the switching system,
SAT supplies the multiplexers, and CIT
Alcatel, Thomson-CSF, SAT and TRT
provide various categories of modem.

Two-thirds of direct connections to
Transpac employ the X.25 protocol
(the standard software interface for ac-
cess), making it the world’s largest X.25
network. Transpac transmits about 40
billion bits and treats 100,000 calls a
day—and during peak hours handles
5,000 simultaneous communications.
Transpac, managed by the PTT, will
invest 300 million FF in 1983 to in-
crease the capacity of existing concen-
trators and integrate new inter-nodes.
The PTT estimates that with invest-
ments of 2 billion FF between 1983
and 1990, there will be 100,000 sub-
scribers in 1990.
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nanced by a syndicate of French banks.
In addition, 300 users employed the
smart card for teleidentification and te-
lepayment during the Télétel tests.
Three French companies—Bull,
Flonic Schlumberger and Philips Data

| Systems—are developing the card in

collaboration with in-house or external
software firms. Sligos, a systems house,
has been contracted to operate the
central clearing systems between
banks. Although each firm has a differ-
ent technical approach, an internation-
al association (INTAMIC) has been
formed to monitor common standards
for the smart card.

In addition, the U.S. Department of
Defense is testing the smart card, with
Army personnel using it to gain admit-
tance to hospital and commissary facili-
ties, while the Department of Agricul-
ture is considering a test in which the
card will replace food stamps.

The use of credit cards for electronic
funds transfer and point-of-sale pur-
chases is also expanding in France.
Magnetic cards and multiservice termi-
nals designed by Electronique Serge
Dassault are being used in a 30-month
trial in Saint-Etienne for instantaneous
point-of-sale transactions. The system
was designed by SG2 (Société Générale
de Service et de Gestion) and the
voice-over data equipment was pro-
duced by SECRE. An off-line test with
magnetic cards is underway in Aix en
Provence, using terminals manufac-
tured by Electronique Serge Dassault
and CSEE.

“The future card will combine the
smart card and magnetic strip and
have multiple functions with more
than one microprocessor,” predicts
Francois Salle, group vice president for
research and technology at Bull.

The PTT, which to date has ordered
450,000 smart cards, has also awarded
development contracts for 200 public
telephone booths to accept the smart
card and bank credit cards—for billing
through the user’s post office or bank
account. Prototypes of the booths were
put into service last June. An additional
2,000 telephones using cards will be
installed in 1984, and 10,000 are sched-
uled for introduction in 1985. There
are currently over 150,000 public tele-
phones in France; use of cards will pre-
vent fraud, enable prepaid calls and
reduce the cost of collecting 16,500
tons of coins.

“The expanding growth of applica-
tions will result in a reasonable price
for the smart card,” says Jean-Louis
Marchand at the DGT’s smart card del-
egation. “It should decline from 65 FF
today to about 30 FF in 1986.”

TELETEX: Teletex combines text
typing and processing with directory-
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CIT Alcatel has been active in the
communications business for over 100
years and manufactured the world’s
first electronic tdm switching system in
1970. Since then France’s leading tele-
communications company has installed
its family of E 10 switching exchanges
in 34 countries. In addition, the group
has utilized its experience in digital
switching to expand its line of switch-
ing systems to meet its customers’
changing technical and commercial
demands.

In an interview at CIT Alcatel’s Paris
headquarters, Christian Fayard, gener-
al manager of the public telecommuni-
cations division, discussed the E 10
switching system.

Scientific American: Why was a
French company the first to develop
an electronic tdm switching system?

Fayard: The R&D program we initi-
ated with the PTT in 1965 was predi-
cated on the belief that there would
ultimately be a fully integrated elec-
tronic telecommunications network—
combining digital pem transmission
with tdm switching techniques to in-
crease efficiency, decrease costs and
augment the communications capabili-
ties of the telephone system. This was
due to the increasing use of computers
and microprocessors to perform data
processing  services—including  call
processing, circuit control and fault
finding.

Our choice initially met with a great
deal of skepticism. Most telecommuni-
cations specialists felt digital technolo-
gy was applicable only in transit
switching centers and were surprised
when we began applying digital tech-
niques to rural subscriber networks.
Our first tdm switching system, the E
10, immediately illustrated the advan-
tages of digital techniques over out-
moded analog methods: better protec-
tion against noise, easier maintenance,
improved fault detection and signifi-
cant space savings.

Today, of course, tdm is the technol-
ogy selected by most telephone admin-
istrations, and our international com-
petitors are introducing switching
equipment using this technique.

Scientitic American: What were the
major achievements of the first E 10
system?

Fayard: The E 10 was the foundation
for the rapid transition in France from
an underdeveloped telephone network
to one of the best in the world.Today
France has an expanding modern net-
work with 4.3 million E 10 lines in
service.

Equally significant is the E 10’s flexi-
bility. The E 10 can be used to con-
struct central office or transit ex-

A CIT Alcatel minitel videotex terminal in the foreground of the E 10-Videotex switching system is an
example o f the adaptability o f the E 10 to new telecommunications requirements. The unit provides the
interface between the subscriber and the data bank, controls the connection, and handles format,
transmission speed, and signaling conversions.

changes. But it is an open-ended
system and has been expanded to cope
with the modernization of the French
network in areas such as the electronic
directory, direct satellite communica-
tion and cellular mobile radio tele-
phone networks. For example, the E
10-Videotex is used as the access inter-
face between the telephone network
and the national videotex network.
The E 10-Multiservice, used for the
terrestrial switching centers of Télé-
com 1, incorporates the hardware and
software modules required for process-
ing the various terminal access proto-
cols. It integrates the voice and data
network by providing each subscriber
with a high-speed data channel (up to 2
Mbit/s) that permits videoconference
and other services. The E 10-Radiotele-
phone is used for a cellular mobile ra-
dio telephone network.

Scientific American: Hasn’t the E 10
system become obsolete as the compe-
tition introduces new technology?

Fayard: No, because we have always
kept the E 10 updated and upgraded
by extending capacities and incorpo-
rating new components, such as vlsi
microchips, 64 kbit dynamic RAM mi-
croprocessors and gate arrays. We are
also introducing the international sig-
naling code (CCITT No. 7) and com-
mon channel signaling.

It’s been said that the E 10 is not a
fully digital system, but it is in the
American version, the E 10 Five, and
will be in its 30-channel version with
the introduction of CSN (the digital
subscriber connection unit) in 1985.
CSN is not only a single-channel codec
but also the subscriber connection unit
of tomorrow’s isdn. However, the most
important point is the system’s total
efficiency and reliability. Since its in-
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ception the E 10 has been function-
dedicated, and today we remain the
only distributed system operating on a
large scale.

Scientific American: What are the
emphases in R&D?

Fayard: The major R&D theme is
the introduction of wide-band multi-
service techniques. We are also study-
ing the feasibility of optical switching
units and are developing logic ma-
chines for software.

Software represents over half the de-
velopment costs of a digital switching
system (about 60 percent of the soft-
ware is for operation and maintenance
instructions and the remainder for
function requirements), and we are
aiming for the development of inde-
pendent modular software that can be
interlinked with processors using sym-
bolic addressing. We do not believe
there will be a new generation of
switching systems but rather a contin-
ual evolution—a philosophy that is ide-
al for the E 10’s modularity and distrib-
uted architecture.

Scientific American: How important
is your international commercial pres-
ence, and what kind of contracts are
necessary today?

Fayard: We have sold the E 10 sys-
tem and transferred technology
throughout the world. It is now manu-
factured in six countries, and our ap-
proach to future markets is typified by
the large-scale project we are develop-
ing in India, which involves a complete
transfer of technology and manufactur-
ing know-how.

The E 10 is a very flexible system
and can be used in most telephone net-
works. The E 10 Five, for example, has
been adapted for the U.S. market as a
central subscriber office.
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based  switched  communications,
which establishes a high-speed real-
time connection between teletex-com-
patible terminals, word processors or
electronic typewriters. Operating at a
transmission speed of 2.4 kbit/s, it is 50
times faster than telex and produces
documents in standard office letter for-
mat. Building on international stan-
dards, the French are preparing to
launch a teletex service in 1984 to use
the pstn and Transpac. It will capital-
ize on the French experience in tele-
printer devices and the installed telex
base in France, which includes over
100,000 subscribers.

The French are supporting interna-
tional standardization of a mixed-mode
teletex that incorporates digital fac-
simile capabilities. DGT officials argue
that limited graphics are required so
that texts can carry a signature and
charts can be transmitted. Two firms,
SINTRA Alcatel and SAGEM, are pilot-
ing the mixed-mode terminal applica-
tions, and a gateway to handle code,
data rate and procedure conversions
between teletex and telex networks
should be operating by 1984.

“We are definitely pioneering stan-
dards in this area and are technically

ahead in terminal identity procedures
and the safeguarding of received infor-
mation,” says Philippe Leger, associate
director of SAGEM, the world’s second
largest producer of telex terminals.
“We will have a system that enables
the transfer of graphics and terminal-
to-terminal editing.”

“France will develop a multimode
teletex capable of transmitting written
text and graphics on numerous data,
telephone and telex networks,” adds
Roger Chaste, director of the telecom-
munications department at SINTRA
Alcatel and a specialist in French telex
display terminals and teleprinters.

The PTT is also studying electronic
mail and electronic funds transfer
within the postal system. One example
of an existing service is Missive, mar-
keted by France Céibles & Radio. Using
a terminal connected to the telecom-
munications network, any subscriber
can access a personal electronic mail-
box through which he can prepare, ex-
change and file messages of all types to
and from other subscribers.

VIDEOCOMMUNICATIONS: The
government plans to order equipment
for 1.4 million homes to be cabled in
three years (100,000 in 1983, 300,000

in 1984, and one million in 1985) with
a star system using multiservice fiber-
optical local network transmitting im-
ages and sound. The cost is estimated
at seven billion FF from 1983 to 1985,
and manufacturers bidding for the
work, scheduled to be contracted in
late 1983, include CGCT, CIT Alcatel,
SAT, Thomson-CSF and several small-
er firms.

A second phase in 1986 will involve
the expansion of the service to one mil-
lion homes annually, and it is anticipat-
ed that one in every two French fam-
ilies could be connected to an optical
fiber cable network in 1995. At that
time the local networks will be inter-
connected through the high-speed na-
tional monomode transmission system.

“The goal is a multiservice wide-
band network with interactive charac-
teristics employing fiber optics and a
star structure,” says Mexandeau. “The
cable network, using the same archi-
tecture as the pstn, will increase capac-
ity for existing services and promote
videoconferencing, distributed data
processing and distributed office auto-
mation.”

In addition to the national plan, two
tests are under way. In Biarritz at the

equipment.

communications.

CGCT 251 rue de Vaugirard,
75740 Paris Cedex 15

Tel: Area code (1) 545 2000
Telex: 200059 CGCT
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CGCTanditssubsidiaries, LCT, la
Signalisation and Pouyet, are today participa-
ting in every area of office communications.
We draw on 100 years of experience to

CGCT brings you the benefits of
tomorrow'stechnology for today's

Atouradvanced research labora-
tories, LCT, we have developed a multi-
service local area network, the Carthage
Project. With its looped architecture, the
network will be compatible with all types
ofvoice, viewdata and data transmission

New conceptsin office communications
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manufacture, install and maintain a wide range
of telephone sets, public exchanges, digital
PABX's, word processing, viewdata and data
transmission equipment.
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end of 1983, 1,500 subscribers will
have access to 12 FM stereo channels,
15 TV channels and switched services
that include videophone, videotex and
data banks with image. SAT is the pri-
mary contractor and defined the sys-
tem, and Thomson-CSF is an impor-
tant subcontractor. In Lille,
development of a local fiber-optical ca-
ble television system is under way for
50 subscribers, increasing to 3,000 in
the 1984-85 period.

Mexandeau calls the French effort a
“technically advanced, integrated,
modular system that will rapidly be-

come more competitive than conven-
tional toll center distribution and tele-
phone systems.”

POSTAL SERVICES: The French
have traditionally had an excellent
postal service. During the next five
years there will be increasing automa-
tion of the 17,200 post offices through
the installation of microcomputers and
minitel terminals. The PTT, which
handles 14 billion pieces of mail a year,
is studying money transfer, telecopy-
ing and new postage treatment cen-
ters. CIT Alcatel, Electronique Serge
Dassault, SAT and other companies

produce mail handling equipment,
postage meters, automatic mail pro-
cessing machines and electronic scales.

NETWORKS: France’s nationwide
64 kbit/s digital network with end-to-
end connections for transmission of
speech, data and new services will soon
create an itdn that will ultimately
evolve towards the wide-band isdn—
when the digital network will handle
all services, including the transmission
of moving pictures. The French are ad-
vanced in defining network architec-
ture, network interface characteristics,
user/machine access methods and net-

FRENCH COMMUNICATIONS:
TELECOM 1

The PTT uses INTELSAT, EUTEL-
SAT and INMARSAT satellites for tele-
communications, but the French also
plan to launch their domestic satellite,
Télécom 1, in April 1984. Matra is the
prime contractor and is responsible for
final integration of the satellite with
the payload (including repeaters, tran-
sponders and antennas), being supplied
by Thomson-CSF. Thomson-CSF and
CIT Alcatel, through their joint ven-
ture Telspace, will supply earth sta-

tions, while Matra has a contract with -

the PTT for video transmission earth
stations.

Télécom 1 is one of the key facets of
the French multiservice communica-
tions system and will provide France
with a spatial telecommunications net-
work for the public and private sectors.
While handling telephone traffic be-
tween France and its overseas terri-
tories and supporting video and de-
fense communications, Télécom 1 will
primarily guarantee efficient internal
digital communications for French and
European business traffic.

The business portion of the network,
expected to have approximately 3,000
users, will utilize a maximum of 320
earth stations—with approximately
150 rural and 40 urban earth stations
located in France. The quality, speed
and cost-effectiveness of Télécom 1 has
also led to the installation of additional
earth stations in Switzerland, West
Germany, Belgium and the United
Kingdom in the framework of the Eu-
ropean Telecommunications Satellite
Organization (Eutelsat). Eutelsat will
use part of the capacity of Télécom 1
for specialized intra-European ser-
vices, while West Germany’s Bundes-
post has contracted to use Télécom 1 to
satisfy the digital private line needs of
its national customers.

The applications payload of Télécom
1 permits the establishment of digital

links of variable speed, from 2.4 kbit/s
(i.e., text teleprocessing) to 2 Mbit/s
(i.e., teleconferencing or high rate data
transfers), between distant locations.
This high-speed link, permitting nu-
merous forms of transmission and pro-
cessing of a wide variety and intensity
of traffic, will assist the development of
new types of communication requiring
large bandwidths—such as video tele-
conferencing, electronic mail and fast-
file data transmission between comput-
ers.

Télécom 1 offers the speedy installa-
tion of links, using earth stations with
small-diameter antennae (3.5 meters),
and an excellent adaptability to traffic
growth. Most important, however, it
provides a substantial degree of flexi-
bility resulting from the utilization of
the time division multiplex access
(tdma) method of communication.

Tdma permits real-time demand al-
location of digital channels and trans-
mission capacity and allows users ac-
cess to the satellite only when it is
required, with the utilized capacity
adapted to the service desired. The
method is advantageous because the
digitized signal can be regenerated on
board the satellite, improving link
quality, and the satellite transponder is
used at maximum power, improving
transmitter performance.

In the tdma access mode, each
ground station transmits to the satellite
on a common frequency occupying the
totality of transponder capacity. Trans-
mission ensures that blocks of digital
data from different stations reach the
satellite in sequence. This contrasts
with the frequency division multiple
access (fdma) technique, in which each
station occupies part of the transpon-
der capacity on a permanent basis.

A high-reliability central reference
earth station located in Mulhouse in
eastern France is used to control the
network and on-request capacity as-
signment (the clock and frame syn-
chronization) of traffic. This central-
ized intelligence will reduce the costs
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Télécom 1, the French multiservice domestic sat-
ellite, is being integrated at Matra’s European test
facilities. It is scheduled to be launched by the
European Space Agency’s Ariane launcher in
April 1984.

of tdma terminals in ordinary stations.

Tdma experiments have been run
with the Symphonie and OTS satellites,
and the European ECS network will
use this method exclusively. Specifica-
tions for the Télécom 1 system were
prepared by the CNET with equip-
ment supplied by a Thomson-CSF, CIT
Alcatel and SAT consortium. The man-
agement of the Télécom 1 business sys-
tem, designed by PTT affiliate France
Cébles & Radio, will permit customers
to have detailed records and informa-
tion on communications expenditure.

France is also manufacturing TDF 1,
a broadcasting satellite expected to be
launched in the spring of 1985. The
program involves a similar satellite for
Germany; development and construc-
tion have been entrusted to Eurosatel-
lite, in which Thomson-CSF and Aero-
spatiale are the French shareholders.

“There is an exciting future for digi-
tal business communcations,” says Yves
Fargette, president of France Cables &
Radio. “Télécom 1 will provide us with
the know-how to expand our technolo-
gy beyond France.”
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work control and management mecha-
nisms.

In addition, CGCT has developed a
fiber-optical multiservice local net-
work for business offices, with an ex-
perimental version of the system in-
stalled at CNET research laboratories
in Rennes. “Carthage” interconnects
with the public telephone networks
and, using the existing pbx, connects
600 telephone terminals, 400 termi-
nals, and three computers, permitting
the transmission of video, text, data
and voice on one network.

French companies have also devel-
oped their own networks, such as
Omeganet at SAGEM and Gixinet at
Compagnie Internationale de Services
en Informatique (CISI). Bull’s Distrib-
uted System Architecture (DSA) is the
central feature of its product strategy,
and SESA is also studying the future
approach to networking.

Some other interesting industrial de-
velopments:

—Audioconferencing has existed in
France since 1976, and there are cur-
rently 100 public studios, known as #é-
lécenters, interconnected through the
Caducée network.

—Telewriting permits the simulta-
neous transmission of written material
using multiplexing techniques that al-
low input from a pressure-sensitive
graphic table to be conveyed in the
segment of the speech bandwidth be-
tween 1550 and 1950 Hz. France
Cébles et Radio assembles the equip-
ment, which is made by an affiliate of
Télémechanique.

—Videoconferencing, achieved by
transmission on a standardized 2048
Mbit/s channel on the telecommunica-
tions network, is under way in France,
with 10 demonstration units through-
out the country.

—SAT, SAGEM, SINTRA Alcatel,
Thomson-CSF, TRT and other French
and Belgian companies have devel-
oped the automatic integrated trans-
mission network (RITA) for tactical
military communications.

—A Téléalarme service, which is a
home alarm system for elderly persons,
has been inaugurated in Pau with ten
alarm centers and 10,000 transmitters
ordered from Thomson-CSF.

—Videotransmission permits the
two-way projection of sound and im-
ages on large screens using microwave
or satellite transmission. A network ex-
ists linking 13 large French cities, and
mobile installations are also available.

RESEARCH AND DEVELOPMENT
The R&D effort in telecommunica-
tions technology is basically conducted

under the auspices of the CNET, which
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particularly influences industrial devel-
opment of telecommunications by pre-
paring specifications, participating in
consultations, monitoring market stud-
ies and standardizing new equipment.

CNET’s total budget in 1983 was 685
million FF, with 3,827 persons working
at six administratively decentralized
research centers. General networks,
optoelectronics and intercontinental
links are studied in two Paris labora-
tories; local networks, switching, en-
hanced services, components and digi-
tal transmission are studied in two
research centers in Lannion; new ser-
vices and terminals are developed in
Rennes at the CCETT (Common Cen-
ter for Television and Telecommunica-
tions Research), and micro-electronics
are studied at the Norbert Segard Mi-
croelectronics Laboratory in Grenoble.
Research at CNET is largely responsi-
ble for tdm switching and pcm trans-
mission, the tdma system for Télécom
1, the packet-switched data network
and numerous télématique develop-
ments. Breakthroughs also include de-
velopments in solid-state physics, sig-
nal processing, radio communications
and network design.

“Our work stops at the demonstra-
tion of feasibility, at which point indus-
try takes over; our efforts today include
a modernization of the current net-
work to isdn, videocommunications
and cable networking and research as-
sociated with the national electronics
effort,” says CNET director Jean-
Pierre Poitevin. “We are digitizing the
line to the subscriber, expanding the
use of fiber optics with low-priced
components, exploring new télémati-
que orientations (such as voice recogni-
tion), improving submarine cables and
conducting research on submicron mi-
cro-electronics.”

Other research areas include future
generation architecture and software
for digital switching, liquid crystal dis-
play flat screens, second-generation vi-
deotex terminals, III-V semiconductor
material, artificial intelligence and
computer-aided design and manufac-
turing (cad/cam).

The CNET laboratory in Grenoble,
for example, is developing a CMOS
technology for telecommunications
with the objective of producing chips
using a l-micrometer geometry by
1986. The laboratory is also working on
strategic circuits for switching matri-
ces, codec-filters and other applications
related to videocommunication.

In Paris, network planning is being
conducted at all levels (private, inter-
national, packet, telephone, videocom-
munication) to generate specifications
for industry.

“We have a good lead in telephone
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and packet-switched networks, but not
in data processing, which means that
for local area networks (lan) France
must often import a solution,” says
Jean-Marc Chaduc, director of the Par-
is A laboratory. “The most important
aspect of any future network will be
protocols.”

“Our priorities are videocommunica-
tions, new electronic switching appli-
cations and the related software,” adds
Jean-Noel Mereur, director of the Lan-
nion A laboratory. “We are digitizing
the lan with combined data/voice com-
munications and working on voice rec-
ognition and synthesis. In the latter
area, we are advanced in algorithms
but lack the necessary microelectronic
components to create revolutionary
developments.”

CNET’s network studies are leading
to the digitization of a network inte-
grating numerous transport options
through the use of modular software.

“We look forward to basic specifica-
tions for the software to ensure adapt-
ability for integrated systems that must
support applications that are still not
defined,” says Daniel Hardy, whose
R&D group in Lannion has an experi-
mental multiservice switching system,
known as Palme, under development
as part of its general work on isdn.

The CNET is also conducting the
Concerto software project aimed at
demonstrating the possibility of a soft-
ware workshop integrating the neces-
sary tools for all software engineering
activity—including design, develop-
ment, documentation, qualification,
maintenance and production.

“We are trying to construct models
that provide the base and rationale for
the next architecture of electronic
switching systems,” says Concerto pro-
ject director Edouard André.

The CNET laboratory in Lannion be-
gan its R&D in fiber optics in 1970 and
has since joined industry in installing
numerous fiber-optical links through-
out France. Today the CNET is using
grooved cylindrical cable structures
and establishing different multimode
and monomode optoelectronic sys-
tems. The long-distance optical fiber
link between Le Mans, La Fleche and
Angers, for example, will employ both
monomode and multimode fibers with
a transmission rate of 140 Mbit/s, re-
peaters at 25 kilometers, and lasers
emitting at the 1.3 um wavelength. An
advanced 42-kilometer monomode fi-
ber link being tested in Brittany uses a
1.55 um wavelength and has a rate of
4140 Mbit/s.

“Like the rest of the world, we are
leaning towards monomode net-
works,” says Remy Bouillie, head of the
optical networks division at Lannion B.
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THOMSON-CSF CONSOLIDATES ITS COMMUNICATIONS ACTIVITIES

The Thomson group, France’s larg-
est electronics company, with 82,000
employees and sales of 47 billion francs
(45 percent in export markets) in 1982,
has integrated the full range of its nu-
merous communications activities.
Thomson-CSF, the group’s professional
electronics affiliate, has formed a com-
prehensive communications branch to
provide a complete approach to com-
munications technology. Today Thom-
son-CSF is capable of handling all as-
pects of the acquisition, storage,
processing, management and transmis-
sion of information in any form—voice,
image or data.

The communications branch ac-
counts for 25 percent of Thomson-
CSF’s activities, has 33,400 employees,
exports 32 percent of its sales and allo-
cates a substantial 14 percent of its rev-
enue to R&D. It is involved in all as-
pects of telecommunications and
electronics (components development,
telecommunications, radio communi-
cations, satellite communications, of-
fice automation, networking and soft-
ware), which form the foundation for
the eventual integrated services digital
networks. It develops thoroughly inte-
grated products and guarantees the
conception, manufacturing, installation
and maintenance of turnkey networks
and systems.

® Thomson-CSF is one of two French
public switching equipment manufac-
turers and has 5 percent of the world
market, with 20 million lines installed
or on order in 20 countries (3.6 million
digital lines to 16 countries). It has de-
signed, developed, manufactured and
installed exchanges based on electro-
mechanical, space division electronic
and time division multiplex (tdm) tech-
nology. The company now concen-
trates on its fully digital MT range of
tdm switching equipment, which is
one of the newest exchanges on the
world market and can respond to the
demands of a number of different pub-
lic telephone requirements—urban, in-
ter-urban, national, and international,
with small, medium or large capacities.

Thomson-CSF has supplied turnkey
telecommunications networks to cli-
ents including Chile, Egypt and Iraq
and also encourages the transfer of
technology. In the Soviet Union, for
example, manufacturing facilities were
constructed to produce one million MT
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Thomson-CSF is France’s complete communications technology company, with activities that include
public switching, satellites, videocommuncations and business and military communications products
and networks.

lines per year. In addition, Thomson-
CSF produces a full range of electronic
pbxs, terminals and telephone sets.

® Thomson-CSF services the entire
spectrum of satellite communications
needs, with experience dating back 20
years to the first French and European
scientific satellites. It has participated
in virtually every European and sever-
al international satellite programs, is a
member of the worldwide team work-
ing on Intelsat V advanced commercial
communications satellites (providing
transmitters, receivers and antennas)
and will participate in Intelsat VI in
collaboration with Hughes Aircraft Co.
To date, Thomson-CSF has helped
equip over 50 satellites and is the
world’s second leading supplier of
earth stations.

Thomson-CSF is capable of manufac-
turing most spatial and terrestrial
equipment for integrated state-of-the-
art communications networks and sys-
tems. Its space-oriented activities
range from components and traveling
wave tubes to satellite payloads, on-
board and terrestrial telecommunica-
tions equipment, and earth stations.

® Thomson-CSF is a major participant
in the full range of transmission activi-
ties and is playing a key role in Biarritz,
where France is introducing its first
multiservice fiber-optical network. It is
also installing the fiber-optical network

in Lille and expects to participate in
the national fiber-optical videocom-
munications program.

During the past 10 years Thomson-
CSF has cut over a number of fiber-
optical systems between public tele-
phone centers, computers and railway
stations for communication and sur-
veillance requirements. It is capable of
producing the full range of compo-
nents required for a fiber-optical net-
work—from cables to connectors.

Thomson-CSF’s R&D activities em-
brace public switching, satellite com-
munications and videocommunica-
tions, as well as a wide range of other
disciplines in electronics and telecom-
munications. The group’s R&D effort
includes 18,000 persons, with 640 pat-

ents filed in 1982. In addition, Thom-
son has established specialized units to
train foreign personnel and arrange
technology transfers to other countries.

The company’s current thrust is in
the United States market, where it in-
tends to expand its operations. GTE is
selling Thomson-CSF communications
terminals, 3M is marketing the Thom-
son-CSF desktop facsimile, and NBC
and CBS are using Thomson-CSF’s vi-
deotex know-how. With manufacturing
subsidiaries or representatives in over
100 countries, Thomson CSF is playing
a substantial role in telecommunica-
tions throughout the world.

> THOMSON-CSF
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The minitel terminal is being used in numerous businesses and homes in France and has been adapted to other languages for export sales. Thomson-CSF has

sold its communication terminal to GTE in the United States.

“We are also testing the feasibility of
plastic fiber, optical switching and a
local optical network.”

The prototype of the CNET’s local
optical network—including transmis-
sion, signal processing and switching—
employs a single multimode fiber to
offer bidirectional service.

THE FOREIGN PRESENCE

Not all foreign companies can be
expected to be pleased with French
policies. ITT’s French subsidiary
was nationalized, and National Semi-
conductor sold its stake in Eurotechni-
que to Thomson-CSF “for a symbolic
one franc.” But numerous foreign
firms operate in France, including
IBM, Philips, ITT, Motorola, Hewlett
Packard, SGS Ates, Texas Instruments,
Wang and Tektronix.

IBM is the major participant, and its
telecommunications, products include
pbxs, modems, multiplexers, telex soft-
ware, and special adapters for packet-
switched networks. Its international
telecommunications research center is
located at La Gaude, near Nice.

“Our major concern about France is
the threat of protectionism and the di-
rection of the economy,” says Hervé
Caron, assistant general manager of
IBM France. “Although we certainly
don’t depend on the French govern-
ment for our general strategy, we are
an integral part of French electronics
efforts and are reasonably confident
about our future.”

American firms feel they should take
advantage of the French position in
telecommunications.

“We gained tremendous insight into
packet-switched data networks, video-
tex, fiber optics and the trend toward
isdn because of our presence in Greno-
ble,” says Wim Roelandts, R&D man-
ager for Hewlett Packard’s information
products group. “There has recently
been a much more open attitude by
the government to establish joint R&D
projects with us.”

“We are pleased with our agreement
with Matra, which continues to have
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the government’s blessing,” adds Jean-
Claude Rivet, Intel’s assistant general
manager for Europe. “We do not have
enough design resources in the U.S,
and that joint venture provides us with
European expertise.”

TRT, in which the Dutch Philips
group has a 45.6 percent stake, uses
that link to market French innovations
on a worldwide basis.

“Obviously we will use the Philips
distribution network to sell the elec-
tronic directory in Europe,” says TRT
commercial director Marc Houery.

Other foreign companies are rapidly
expanding in France. The world’s first
commercial Wangnet has been in-
stalled in the Citibank headquarters in
La Défense, and Wang may construct
manufacturing facilities in Normandy.
Apple Computer has reopened negoti-
ations with the French government to
locate its European software center in
France and may also distribute
French-manufactured hardware in the
U.S.

COOPERATION

The French are playing a role in
mounting a European challenge to
American and Japanese predominance
in electronics and telecommunications,
and the PTT is attempting to establish
pan-European technical and commer-
cial ties.

“We recognize the importance of
IBM in our industry,” says Mexandeau.
“Yet at the same time we must fortify
our European connections if we are to
adequately compete with Japan and
the U.S.”

Obviously, a European solution
could brighten the future of French
electronics and telecommunications.
The 10 European Economic Commu-
nity (EEC) countries represent 30 per-
cent of the world market for informa-
tion technology, but manufacture only
15 percent of the products. Coopera-
tion would provide a larger home mar-
ket, standardized products and more
export clout. One French-supported
venture in this direction is the Euro-
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pean Strategic Program of Research
and Development in Information
Technology (ESPRIT), which has a goal
of tripling the part of the EEC in world
markets by 1990.

There is also a possible pan-Europe-
an collaboration to develop future
switching equipment, and Bull is dis-
cussing joint research programs in the
data processing field with West Ger-
man and British companies.

“We have defended our local market
against foreign penetration without
protectionist measures and have prov-
en our technical and commercial
strengths abroad,” says CIT Alcatel’s
Chavance. “We still hope that we can
reach important agreements with Eu-
ropean partners.”

EXPORTING FRENCH PRODUCTS

France is the fifth largest telecom-
munications exporter behind West
Germany, Japan, the United States and
Sweden. Orders for telecommunica-
tions equipment increased from 5.4 bil-
lion FF in 1981 to 6.3 billion FF in
1982, with exports representing 24
percent of total sales. The main export
sectors were switching (36 percent)
and transmission equipment (27 per-
cent), and the principal markets were
the Middle East (29 percent), Africa
(27 percent), Europe (27 percent) and
Latin America (7 percent).

The government acts as a vanguard
for the promotion of most French
products abroad. France Cébles & Ra-
dio, for example, has subsidiaries in nu-
merous countries to construct subma-
rine cable systems and manage
international telecommunications ac-
tivities. More important, when French
President Mitterrand and officials trav-
el, telecommunications is often on the
agenda during high-level discussions,
and French banks are extremely coop-
erative in financing PTT-backed ex-
port projects.

“We have a variety of products and
services that are capable of penetrat-
ing international markets, and it is our
job to promote good French equip-

Thomson-CSF



' FRENCH COMMUNICATIONS:

SPEARHEADING ELECTRONIC FUNDS TRANSFER

The French PTT, banks and industri-
al companies have united to launch an
on-line point-of-sale system ( OLPOSS)
that has the potential to penetrate ex-
| port markets, thanks to its economy,

flexibility, security and simplicity. The
project combines data processing, tele-
communications and financial net-
works to create state-of-the-art elec-
tronic funds transfer (EFT).

The installed system allows a com-
plete financial transaction, including
authorization and recording of data, to
take place in only a few seconds. It
makes it unnecessary to transmit any
additional information between the
customer, the retailer and the bank.
The one-step process involves magnet-
ic stripe credit cards supplied by
French banks and a multiservice ter-
minal connected to a central comput-

er.
| An initial 30-month test in Saint-
Etienne, known as the Point Rubis trial
and estimated to cost 30 million FF
(including design, research, investment
and operating costs), is being financed
by a consortium of French banks, the
PTT and retailers. Saint-Etienne was
selected because it is a large regional
center (population 220,000) with an ex-
tensive business infrastructure.

Jacques Mayoux, chairman of Société
Générale, the world’s ninth largest
bank, which is coordinating the pro-
ject, contends that “the experiment
has been successful because of the co-
operation between oft-competing fi-
nancial institutions, retailers and indus-
trial partners.”

The on-line procedure includes en-
try and validation of transaction data,
transmission, data checking and data
recording. Once a user’s credit card is
inserted into the terminal card reader
and purchases are totaled, the user em-
ploys a hand-held key pad to enter the
required confidential authorization in-
formation—a personal identification
code (PIN). The terminal then estab-
lishes communications with the Inter-
bank Network Management Center to
verify the PIN, accept or deny the
transaction and record the data need-
ed to credit the retailer’s account and
debit the customer’s account.

Data is sent from retailers’ terminals
to either a local concentrator or a pub-
lic switch concentrator installed in a
telephone exchange. The concentrator
acts as a packet assembler/disas-
sembler for transmission to the central
computer via Transpac, the French
public packet-switched data network.

GROWP
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The public point-of-sale test in Saint-Etienne uses a multiservice terminal and credit cards with
magnetic stripes to interact in real time with a central computer over the French packet-switched data
network. The user is providing the system with her personal identification code.

The clearing of payment between
banks, crediting of retailers’ accounts,
debiting of customers’ accounts and
transmission of daily transaction state-
ments to retailers are handled in batch
mode from the central processing unit.

The prime contractor for the system
is Société Générale’s software engi-
neering and information services com-
pany, SG2 (Société Générale de Ser-
vice et de Gestion). SG2 has provided
software for a number of financial net-
works and systems and is responsible
for all the software, codes and algo-
rithms in the central computer.

Terminals and concentrators were
designed and manufactured by Elec-
tronique Serge Dassault, which is a
specialist in producing financial and
control terminals. The 5-kilogram ter-
minal for Saint-Etienne includes a half-
duplex modem, a magnetic track read-
er, a keyboard and display unit for the
retailer, a printer (for the customer’s
charge slip and the retailer’s records)
and a keyboard and auxiliary display
unit for the customer.

“There was a successful synergy be-
tween the talents of a software house
and a hardware house to produce a
fusion of systems,” says Serge Dassault.

Electronique Serge Dassault and
SG2 are commercializing the EFT sys-
tem through the joint venture compa-
ny OLPOSS. They believe there is a
significant export market, since the sys-
tem is easily transportable and can be
delivered as a turnkey network in less
than two months. Software can be

55 QUAI CARNOT.
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modified to suit local requirements,
and the system can be adapted for nu-
merous other uses—such as purchasing
transport and parking tickets or paying
highway tolls.

The benefits of OLPOSS are numer-
ous. For retailers the system provides
speed and security while eliminating
paper and the risk of unpaid bills. For
banks, the cost per transaction is about
five times less than with checks and
half that of a regular credit card trans-
action. While OLPOSS is not expected
to eliminate traditional payment meth-
ods, it is expected to stabilize the use of
checks in France. An adapted system
will be used for home banking and
telepurchasing applications in conjunc-
tion with domestic videotex terminals.

“The key to the system is the securi-
ty of transmission, the rapidity of inter-
rogation, and the efficient routing of
information,” says Philippe Tournaud,
associate director of SG2. “In addition,
the system can easily be expanded to
take new types of cards—such as smart
cards or cards employing hologra-
phics.”

Numerous foreign banks and finan-
cial companies have expressed interest
in the system, which is also available in
an off-line mode. More important,
French banks, public authorities and
industry have developed a common
strategy that will spearhead the imple-
mentation of EFT and establish a
French lead in this high-growth tech-
nology.

92215 ST-CLOUD CEDEX. FRANCE.
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ment,” says Jacques Dondoux.

To facilitate export of the French vi-
deotex products, the French are adapt-
ing to local market requirements. The
database consultation dialogue of the
electronic directory, for example, has
been translated into English, German,
Spanish and Arabic, and videotex sys-
tems have been sold in Brazil, Kuwait,
Italy, Australia, New Zealand, the Unit-
ed States and Greece.

Naturally, the large, expanding U.S.
telecommunications market is impor-
tant terrain for the French.

“No French company has an excel-
lent base in the U.S., which is where
the most important marketing battles

will be fought in many areas of tele-
communications,” says SAT’s Le Men-
estrel. “It’s the number one priority for
every French company.”

SAT, like most French companies,
has established a variety of agreements
and ventures with U.S. firms. For ex-
ample, it took a stake in IPC Commu-
nications to market its pbx equipment
and has a joint venture with General
Optronics for fiber-optical products.

CIT Alcatel has numerous joint pro-
grams and cooperative ventures.
Lynch Communications System, in
which CIT Alcatel has a 25 percent
share, has given it a U.S. base for mar-
keting the E 10 switching exchanges

and the electronic directory. CIT Alca-
tel recently won a major contract in
India and will build two local plants to
manufacture E 10 digital switching ex-
changes, each with an initial capacity
of 500,000 lines.

“The Indian agreement is an ideal
transfer of technology,” says Mexan-
deau. “It is the type of exemplary
agreement we would like to pursue in
selling French products.”

Thomson-CSF is active throughout
the world, with major contracts in Rus-
sia, Iraq, Lebanon and the Gulf states.
Its U.S. activities are conducted by
Thomson-CSF Communications Inc.
“We will be very active in the U.S.

FRENCH COMMUNICATIONS:

SUPPLYING ENGINEERING EXPERTISE WORLDWIDE

Exporting French telecommunica-
tions expertise and engineering tech-
niques is a government priority that
has been underlined as a result of the
wide range of advanced products and
programs recently introduced in
France. French telecommunications
experts offer their know-how in tele-
phone network design, maintenance
and operation methods to public ad-
ministrations and companies through-
out the world.

The DGT also assists foreign admin-
istrations in developing and expanding
their training facilities. One third of all
DGT experts sent abroad do so within
the framework of technical coopera-
tion. Foreign technicians visiting
France are provided with the train-
ing—in the DGT'’s engineering schools,
in specialized training centers or in
specific seminars—required to become
acquainted with French techniques
and equipment. And the CNET orga-
nizes numerous scientific and technical
exchanges between foreign research
institutes in all fields of advanced or
applied research. The result is a two-
way street in the transfer of technology
between France and developed and
developing countries.

Another important participant in
this international role is SOFRECOM
(Société Francaise d’Etudes et de
Réalisations d’Equipments de Télé-
communications). Established in 1966,
it provides consulting and engineering
services throughout the world and is
independent of any industrial or com-
mercial group. The PTT has a 32.8 per-
cent stake in SOFRECOM (the remain-
ing shareholders are seven French
banks). SOFRECOM’s revenue has in-
creased from 23.5 million FF in 1979
to 55 million in 1982—with over 80
million FF forecast for 1983.

The organization has over 300 con-
tracts in more than 40 countries follow-
ing international bidding competition
between major consulting firms. It is
approved by the International Tele-
communications Union and major in-
ternational and regional development
banks.

SOFRECOM provides four types of
services: planning (from demand fore-
cast to network planning); engineering
at all stages of design; technical assis-
tance for operation and maintenance;
and management consulting. SOFRE-
COM’s staff of 90 (40 of whom are en-
gineers) are specialists in all the re-

French companies have exported their communications equipment throughout the world. Thomson-CSF
installed a complete turnkey microwave network in Zaire, and SOFRECOM was responsible for the

design of a microwave network in the Middle East.

F16

© 1983 SCIENTIFIC AMERICAN, INC

quired switching, transmission, power
and data processing areas associated
with telecommunications. Most of the
experts have been active in the PTT,
where they gained firsthand experi-
ence in the implementation and opera-
tion of telecommunications equip-
ment.

An example of SOFRECOM’s role in
international technical cooperation is
the general assistance it is providing
for the modernization of India’s tele-
phone network. SOFRECOM assists
the Indian telecommunications admin-
istration in mastering the introduction
of digital exchanges in an analog net-
work with the help of management
methods and tools developed by the
French administration. The contract
involves training in France and India
and the supply of engineering, testing,
operation, maintenance and managing
methods.

SOFRECOM also provides consul-
tancy services for a complete regional
transmission network, including traffic
studies, cable and microwave route
surveys, drafts of specifications, tender
evaluations, assistance during contract-
ing and acceptance testing.

In addition to SOFRECOM’s activi-
ty, France Cibles & Radio acts as a
consultant in international telephony
for public telecommunications net-
works, satellite communications, radio
communications, teleconferencing,
submarine systems, computer systems
and data transmission networks, pri-
vate networks and office automation. It
also forms operating companies for in-
ternational telecommunications and
submarine systems in association with
foreign governments. Its affiliate Intel-
matique is the French promotional and
marketing organization for the smart
card and videotex products, and anoth-
er subsidiary, France Telecom, pro-
motes French telecommunications in
New York, Singapore and Caracas.




during late 1983 and throughout 1984
in capital risk, financial participation,
joint ventures and other forms of col-
laboration,” says Jacques Darmon.

Matra is a major exporter and is of-
ten associated with other important in-
ternational companies: TRW and Brit-
ish Aerospace for space projects, Harris
Semiconductors and Intel for integrat-
ed circuits and Datapoint for data
processing. Matra and Tymshare, the
California-based computer services
company, have formed Tymshare-Ma-
tra Corporation (TMC) to distribute
560,000 Scanset terminals in North
America. Tandy’s TRS 80 Model III
minicomputers are being manufac-
tured in Colmar as part of the agree-
ment with Matra.

SESA is creating Auspak, the X.25
public packet network operated by Te-
lecom Australia, with the same DPS 25
packet switch that it is using for public
networks in Brazil, Luxembourg, New
Zealand, the U.S. and Europe.

“We obtain 50 percent of the con-
tracts awarded for packet-switching
data transmission networks throughout
the world,” says SESA president Jac-
ques Arnould.

TRT has recently received contracts
for microwave networks in the Congo,
Saudi Arabia, Nigeria, the Ivory Coast,
Zaire, Jordan, Lebanon and Tunisia. It
also recently won a contract to supply
one hundred IRT 1500 stations
throughout New Zealand for the rural
telephone system.

Exports account for 28 percent of
Jeumont-Schneider’s telecommunica-
tions revenue, and the JISCOS switch-
ing equipment and range of pbxs have
been exported to 30 countries. TIE
Communications Inc. distributes Jeu-
mont-Schneider products in the United
States, and the company is developing
new products for the U.S. market.

The French also hope to catapult
their software expertise into an inter-
national presence. CISI took over the
Wharton Econometric Forecasting As-
sociates as part of its long-term strategy
to develop an international data pro-
cessing network. Steria has been asked
by an American bank to develop new
services for its videotex system, includ-
ing integration of the smart card,
which has considerable export poten-
tial.

Videographic Systems of America
(VSA) has been formed by Thomson-
CSF (51 percent), Cap Gemini Sogeti
(13 percent), Steria, and other French
companies (government organizations
hold 16 percent of the capital) to pene-
trate the U.S. market. CIT Alcatel has
formed a marketing agreement with
SESA and Cap Gemini Sogeti, and Ma-
tra and Télésystems have created a

A WORLD LEADER IN DATA PROCESSING
ENGINEERING AND TELECOMMUNICATIONS

SESA is the foremost designer and manufacturer of:

>k data transmission networks — a major contractor for public and
private networksin France (Transpac), Brazil, Australia

>k turnkey télématique systems including the electronic directory
and telephone information systems

>k real time data processingsystems for:
— ticket automation for subway systems in Paris, Baltimore,
Caracas and other major cities
—dispatching electricity
- satellite monitoring
—military information systems

SESA: An international company with over 1200 employees
which has doubled its sales during the last two years.
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A researcher at the CNET laboratory in Lannion in western France is using Mastermind to test voice recognition techniques (left) and can also instruct the sys-
tem to draw lines (right) connecting various French cities. CNET.

joint venture for the exportation of in-
teractive videotex systems.

“The French products come from
the same environment; thus uniting to
make the technical and commercial
adaptations for the American market is
extremely sensible,” says Bernard Jo-
seph, president of VSA.

“VSA has produced a general aware-
ness of the French presence in this
area and shows that the French, like
the Japanese, can adapt their products
to American standards,” adds Gregory
Harper, vice president of VSA. “The
joint venture also reveals that the
French realize a group approach is
sometimes necessary to penetrate the
U.S. market.”

However, “We don’t need a French
‘get together’ just to sell the electronic
directory in the U.S.,” counters CIT
Alcatel’s Chavance.

MARKETING
FRENCH EQUIPMENT

Although the French have technical
leads in some sectors, there are a num-
ber of hurdles to overcome before they
can be considered masters of interna-
tional telecommunications. The serious
economic situation in France could re-
tard ambitious national programs and
the resulting introduction of low-
priced products on international mar-
kets. New projects, such as the fiber-
optical cabling of France, are
extremely ambitious in an era when
financing is limited and the technology
is untried.

There are also some ingrained diffi-
culties. In measuring equipment and
instrumentation, for example, there is
what one government official calls “the
traditional need to buy American.”
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And the French have been attempting
to create a solid computer industry
since the 1960’s without much success.

“We have not performed well in the
past because there hasn’t been a coher-
ent long-term plan,” contends Jacques
Stern, president of Bull. “We now have
that plan, we will implement it, and it
will succeed.”

Such assertions notwithstanding, the
French must become more realistic.
Their ambitious electronics plan is too
expansive and too expensive in its pre-
sent format.

Most French companies also lack ef-
fective worldwide commercial strate-
gies, and the government sometimes
seems more intent on boosting domes-
tic employment than on increasing ex-
ports. The emphasis should be re-
versed, and the French should move
quickly to establish a greater interna-
tional presence.

Although the French have alienated
some potential multinational partners
as a result of their nationalization pro-
gram, they are wise to support more
cooperative ventures—in Europe, the
U.S,, Japan and the Third World. Fu-
ture bilateral and multinational agree-
ments could provide the commercial
backbone that would enable French
companies to profit from their estab-
lished technological lead. Collaborative
ventures are definitely required if the
French are to penetrate newly deregu-
lated European markets—something
they have been slow to do in the past—
and the transformed American mar-
ketplace.

“Telecommunications in France is a
relatively new industry, and we still
don’t have the commercial astuteness
of some of our competitors,” says Mex-
andeau. “But we are initiating new
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products far ahead of the competition
and must capitalize on our lead by sell-
ing throughout the world. Our results
are good in general; however, we are
virtually still on square one in some
markets.”

To offset their lack of commercial
acumen, the French nationalized
banks do deserve credit for financing
large export projects supported by the
PTT. This financial element is ex-
tremely important in international
telecommunications, particularly when
the client is a government administra-
tion, and the French have the grudg-
ing admiration of their competitors in
formulating attractive financing pack-
ages.

Nevertheless, they cannot rely on a
captive domestic market and the sup-
portive banking industry. They under-
stand that innovative marketing strate-
gies, including more commercial
agreements, are required to sell their
telecommunications equipment on an
international scale. One indication that
they are improving their commercial
role is that their national exhibition at
the quadriannual “Telecom 83" in Ge-
neva in late October is seven times
larger than it was in 1979.

“We must start moving faster than
the Japanese,” concludes CIT Alcatel’s
Chavance.

| Front Page Photograph. The
French government and industry
have initiated a number of new
communications products, systems
and services, including microchips,
low-cost terminals, fiber-optical
networks and smart cards. Credit:
GILBERT LEGAY
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BULL: THE INTERNATIONAL INFORMATION SYSTEMS GROUP

France is concentrating its expertise and resources in the
area of information processing systems around Bull, a group
which has been internationally active in the data processing
industry for fifty years and today successfully markets its
products and systems in over 75 countries. Bull, with
25,000 employees and a 1982 revenue of 10 billion FF, is a
key element in the French télématique industry. The group
has long acknowledged and supported the evolving integra-
tion of telecommunications and data processing techniques.
It is playing a major part in the country’s long-term thrust
in information technology.

Bull, majority-owned by the French government, has
announced its technical and commercial strategy for the
coming years designed to strengthen its position notably in
distributed data processing, business communications and
office automation. The group now includes Cii Honeywell
Bull, minicomputer manufacturer SEMS, distributed data
processing company Transac and microcomputer producer
R2E. New divisions have been formed with full responsibil-
ity for planning, development and manufacturing: medium
and large mainframe systems (Bull Systémes), minicomput-
ers (Bull Sems), peripheral equipment (Bull Périphériques)
and office automation and microcomputers (Bull Transac).
All products and systems are marketed internationally
through a single sales organization.

Increased capital investment will enable the group to
realize its goals. Bull will also benefit from its mainframe
and networking experience and develop, at the interna-
tional level, new applications and activities in distributed
data processing.

The French government, assuming its responsibility as
main shareholder, invested 1.5 billion FF in Bull during
1983—thus providing the resources to balance the insuffi-
cient capital investment of the last five years and imple-
ment the group’s new strategy. The group projects an
annual growth rate of about 16% concentrating on four
major market sectors:

1. Bull is consolidating and developing its installed base in
medium and large data processing systems.

2. Bull is penetrating the distributed data processing mar-
ket with a range of minicomputers, microcomputers,
office automation equipment and terminals based on a
global systems and networks approach. The interweav-
ing of the traditional fields of office equipment, telecom-
munications and data processing and the overlapping of
microcomputers, minicomputers and mainframe sys-
tems are key elements in the group’s approach.

3. To support these two lines of action, Bull is cooperating
with software houses and users to expand the supply of
services, such as software packages (specific applications
software aimed at specific market segments), technical
assistance, education and training.

4. Bull is also expanding its computer peripheral activities
on the OEM market in areas including compact disk
drives and non-impact magnetographic high-speed
printers.

Bull will also capitalize on its established position in rap-
idly expanding areas such as networking. Distributed Sys-
tems Architecture (DSA)—the Bull network which offers a
unified, coherent approach to data communications within
a distributed system—implements all internationally
agreed protocols and allows Bull products to connect di-
rectly to most existing public and private networks. DSA is
an “open” architecture which enables the group’s products
to cooperate with products from other suppliers operating

| in other types of network such as SNA. DSA enables Bull to

meet expanding demand in this market and, to ensure a
solid marketing position in the future, development pro-

jects are underway to extend this architecture to local area
networks and electronic message and mail applications.

While Bull will naturally develop its current product
lines and use them as a springboard for expansion, it is also
active in innovative areas.

The Bull CP8 smart card, for example, is a plastic card
which contains a self-programmable microprocessor and
memory chip. It can be used as a means of payment, an
access key, or a portable file of personal information. Bull is
making a considerable research effort in this field and
possesses a technological lead due to pioneering R&D and
experimentation with new applications. Bull's CP8 smart
cards are being used in numerous pilot projects in Europe
and throughout the world for point-of-sale payment, re-
mote purchasing/payment, home banking, public pay-
phone operations and personal record keeping.

Other examples of innovation can be found in such wide-
ly differing hardware and software domains as non-impact
printer technology and program language development.
The MP non-impact high-speed printer uses a new magne-
tographic technology developed in-house to combine reli-
ability and high quality with low cost. The ADA program-
ming language, developed by the group for the US
Department of Defense as a replacement for the many
incompatible languages now in use, is gaining wide indus-
try acceptance.

Bull’s relatively ambitious strategy relies on the contin-
ued strengthening of worldwide technical and commercial
cooperation. Bull has built up one of the largest internation-
al marketing networks in the computer industry—an asset
that will facilitate future growth. In France, Bull has in-
creased its systematic cooperation with French universities,
public research bodies and industrial companies. For many
years, Bull has cooperated closely with Honeywell, which
holds a minority stake in the French group. This associa-
tion, which has resulted in common product lines, was
extended last year with a new set of long-term technical
and marketing agreements. As part of its policy to promote
cooperation, Bull also acquired a minority stake in the
capital stock of Trilogy when that computer company was
founded by Dr. Gene Amdahl in 1981. The group also has
commercial and technical agreements with other American
companies such as MPI and Convergent Technologies. It
also collaborates with European companies and research
organizations in a variety of areas.

R&D is an important sector with a 1983 budget of 1
billion French francs. While the group is making headway
in augmenting the capacities and capabilities of its existing
products, it is also conducting basic researh into magnetic
storage and non-impact printer technologies, fiber optics to
create high-performance communication channels be-
tween computers, artificial intelligence, software engineer-
ing, logic machines and the development of new integrated
circuits using custom vlsi technology.

These combined activities make Bull a strong interna-
tional information systems group which guarantees ad-
vanced technology and continuity in the development of
an integrated range of computer and communications
products for today and tomorrow.
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HOW CAN YOU FIND OUT MORE ABOUT THE
SMART CARD AND VIDEO TEX PRODUCTS?

Just ask Intelmatique. We're
the international promotional,
marketing and consultancy
company for télématique prod-
ucts. In fact, we’re the ones re-
sponsible for coining the phrase
‘““smart card” and launching a
number of Teletel videotex proj- 1
ects internationally.

As the official representative of
the French Telecommunications
Administration, we're in a unique
position. We not only monitor tél-
ematique activities throughout the
world but are in constant contact
with French télématique pro-
grams, research projects and in-
dustrial developments. We can
provide you with details about
proven applications and technical
specifications for the smart card
and other products. Why? Be-
cause we've overseen the intro-
duction of the smart card for
numerous user trials from Fort Lee to Oslo and
studied the consumer and banking reaction to point-
of-sale experiments.

We also can supply you with the know-how gained
from six years of international experience in the
videotex field. We've held seminars on the smart
card and videotex from Chicago (where we've
opened a public videotex demonstration and sup-
port center in conjunction with Honeywell) to Aus-
tralia. We've helped install videotex trial systems

| Yes, I'd like to receive additional documentation on —;
The smart card (] or videotex [. I
NAME oo |
POSIHION ...t
l COMPANY .ttt
AArESS ...ooiiiiiiiiic e
Y ettt ettt bt I
I COUNIY ..
___________ —

or call our representatives in U.SA. - (203) 834.11.43; Australia : (61)2.2721 81; New Zealand : (04) 844.870; West Germany : (49) 611.683271; Greece : (30) 1.9228.735.
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2 1

FARTSCOPE
vELITY

The smart card is used for telepayment or teleshopping simply by inserting it into a minitel terminal. The home user places
the card—with a microprocessor and memory embedded in it—into an add-on card reader/processor and, after typing a
personal identificaton number, the memory written into the card by the issuing authority identifies the user, indicates the
money value or banking power of the card and automatically dates and records information within the integrated circuit.
The card can be used for a variety of other banking and business applications.

in Kuwait, Sao Paulo and Minneapolis. We've put
videotex terminals on executives’ desks, in middle
size businesses, in bank branches and in living
rooms. Perhaps you haven’t heard aboutthe French
range ot low cost terminals (minitels) which can
handle information while interfacing with your own
system. These inexpensive terminals could be the
answer to your in-house communication needs and
can be used in conjunction with the smart card.

If you are ready to evaluate the smart card or
other videotex products let us open the doors. In-
telmatique—the international promotional and mar-
keting arm of the French PTT—has stimulated
interest in many countries and our widespread ex-
perience can help you. We can show you the tech-
nology available today and planned for tomorrow.
We are also able to offer professional consulting
in most parts of the world if your need is for expert
assistance in developing a business strategy.

To join the smart set and make the link with
télématique simply mail us this card. We’'ll send you
additional information.

THE ORGANIZATION FOR THE INTERNATIONAL PROMOTION OF TELEMATIQUE
98, rue de Sevres 75007 PARIS. Tel.: (3311 306.16.36, Télex 203185 TELEMAT.F.
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Sets of permanent value
at surprising savings.

’({fhlghl?lr(l)(;}(;;l}?}? edia The Nine Beethoven
Symphonies & The Five

for $24.95 (Pub price $175)

The most comprehensive encyclopedia

Piano Concertos/Ashkenazy

of philosophy ever published, this set
traces ancient, medieval, modern, East-
ern and Western thought. An essential
and rewarding reference source for
home libraries.

for $19.95 (List prices total $115.74)
Two of the most celebrated recordings of
Beethoven's works. Sir Georg Solti con-
ducts the Chicago Symphony in the nine-

The Compact Edition of
The Oxford English Dictionary
for $24.95 (Pub price $150)

The “most complete, most scholarly dictionary of the
English language”— T he Christian Science Monitor.
Through photoreduction, the original 13-volume set
has been reproduced in this two-volume Compact
Edition. Magnifying glass included.

record set of Beethoven's complete
symphonies. “A glorious musical combus-
tion"—Tme. In collaboration with soloist
Vladimir Ashkenazy, Solti and the Chicago
Symphony perform Beethoven's five con-
certos. "A major addition to the Beethoven
discography™High Fidelity. Available in

13 records or 8 cassettes.
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The Decline and Fall of the
Roman Empire by Edward
Gibbon. Edited by J. B. Bury
for $24.95 (Pub price $300)

The definitive Bury edition of the most
acclaimed history of all. Gibbon evokes a
world of grandeur and decadence, mas-
terfully tracing its collapse under emper-
ors noble and ignoble. Seven-volume set,
newly available with maps and illustra-
tions on long-lasting, acid-free paper
quarter-bound in leather.

The Story of Civilization by Will and Ariel Durant
for $29.95 (Pub prices total $335.45)

For almost half a century Will and Ariel Durant
traced the continuity of world history—the religions
and philosophies, the political and economic tides,

Choose one of these five sets and save up to $3055

You simply agree to buy 4 books within the next two years.

the arts and sciences, the customs and conquests—
toshow the foundations of society today. A Book-of-
the-Month Club exclusive for almost 50 years, the
Durants’ illustrated masterwork is history come alive.

Facts about Membership. As a member you will receive the
Book-of-the-Month Club News® 15 times a year (about every
3% weeks). Every issue reviews a Selection and 150 other
books that we call Alternates, which are carefully chosen by
our editors. If you want the Selection, do nothing. It will be
shipped to you automatically. If you want one or more Alter-
nates —or no book at all—indicate your decision on the Reply
Form and return it by the specified date. Return Privilege: If

Book-of-the-Month Club, Inc., Camp Hill, Pennsylvania 17012 A170-10

Please enroll me as a member of Book-of-the-Month Club
] 912 Compact and send me the set I have checked at left, billing me for
OED $24.95 the appropriate amount, plus shipping and handling charges.
1 913 The Storv [ agree to buy four books during the next two years. A ship-

of C 9 gF ping and handling charge is added to each shipment.

Check one box only.

the News is delayed and you receive the Selection without of Civ. §29.95

having had 10 days to notify us, you may return it for credit at | 917, Ency. of Name 3.64
our expense. Cancellations: Membership may be discontinued, Philosophy $24.95 =™ (Please print plainly) }
either by you or by the Club, at any time after you have ™1 932. Beethoven

bought four additional books. Join today. With savings and (13 Records) $19.95  Addres Apt

choices like these, no wonder Book-of-the-Month Club is
America’s Bookstore.

BOOK-OF-THE-MONTH CLUB

America’s Bookstore* since 1926.

933. Beethoven )
(8 Cassettes) $19.95  City.

951. Decline and
Fall of the Roman
Empire $24.95

State_____ Zip.

ey

Prices shown are U.S. prices. Outside the U.S., pricesare generally higher.
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The Processing of RNA

DNA is transcribed into messenger RNA, which is then translated

into protein. In cells that have a nucleus, including human cells,

a lot happens to the RNA between transcription and translation

ne of the central problems of mo-
lecular biology is to discover
how two cells with the same set
of genes can each make a different array
of proteins. It is probable that with a few
exceptions all the cells in a multicellular
organism have the same genetic infor-
mation encoded in the chains of nucleo-
tide bases that make up their DNA. The
sequence of nucleotides in the DNA
chain serves as the instructions for the
assembly of the proteins that engineer
all cell functions. Hence it might seem
that all the cells of a multicellular or-
ganism should manufacture the same
proteins. In actuality, of course, each
kind of cell makes only a characteristic
subset of all the proteins encoded in its
DNA. How is the genetic apparatus con-
trolled so that each kind of cell manu-
factures a specific array of proteins and
in the right amounts?

The cells of multicellular organisms
are eukaryotic: they have a well-defined
nucleus. In such cells the sequence of
nucleotides in a gene, the stretch of
DNA that codes for a single protein, is
transcribed into a molecule of RNA in
the nucleus. The RNA then moves out
of the nucleus into the surrounding cy-
toplasm, where it is translated into the
protein. Thus in the eukaryotic cell sev-
eral levels of genetic regulation are pos-
sible. Control could be exerted over
which stretches of DN A are transcribed
into RNA, over which transcribed se-
quences are transported to the cyto-
plasm and over the rate at which a par-
ticular RNA is translated. It has long
been assumed that the control of tran-
scription and the control of translation
play a part in the regulation of eukaryot-
ic genes. As recently as 1975, however,
knowledge of what happens to the RNA
between transcription and translation
was quite sketchy.

In the late 1970’s it became clear that
it takes several significant operations
to transform the primary, or newly
formed, RNA transcript into the ma-
ture messenger RNA (mRNA) needed
for translation. Different structures are
added to the two ends of the RNA

90

by James E. Darnell, Jr.

chain. Certain nucleotides in the chain
are chemically modified. Most intrigu-
ing, however, was the discovery that the
transcript is frequently cut and spliced
to yield an mRNA shorter than the
primary transcript. In some instances
the transcript can be cut and spliced in
more than one way, yielding different
mRNA’s and hence different proteins.
Such differential cutting and splicing
could be a form of genetic control, and
in a few instances it has been shown to
be one. It is likely that posttranscrip-
tion processing is necessary in many
mRNA’s but that it is a form of regula-
tion in only a few. The discovery of
mRNA processing has nonetheless add-
ed a new dimension to the picture of
gene expression, which is in itself a sig-
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nificant advance. Moreover, it has given
rise to intriguing hypotheses on the very
early history of genes and cells.

The Transcription of DNA

Like DNA, RNA is a polymer chain
whose monomer units are nucleotides.
In RNA the four nucleotides are ade-
nine, cytosine, guanine and uracil, ab-
breviated 4, C, G and U. (In DNA the
place of Uistaken by thymine, 7.) Each
nucleotide is made up of a nitrogenous
base and a five-carbon sugar. The five
carbons of the sugar are generally desig-
nated by numbers. Each pair of adjacent
nucleotides is linked by a phosphate
group that makes a bond between the 5’
carbon on the sugar unit of one nucleo-

Cys Leu rp Gly Lys Val
(AL TA
Glu Ser Phe 1
Al T alT TlalTaleltldd

TIclaiTalalTTIaT
A TCIG T AL T TG T 16
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GENE CODING FOR A PROTEIN is a sequence of nucleotides (4, C, G, T) in DNA. The
sequence shown here is the gene in the mouse for beta globin: one of the two chains of amino
acids in the protein hemoglobin. The actual coding sequence of the DNA is interrupted by two
“introns” (gray). The three stretches of coding sequence are “exons” (color). The amino acids
of the beta-globin chain are shown next to the corresponding nucleotides. In order for the ge-
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tide and the 3’ carbon on the sugar unit
of the adjacent nucleotide. Thus the
RNA molecule has directionality: one
end is the 5’ end and the other is the 3’

The transcription of DNA into RNA
is accomplished by an RNA polymer-
ase, one of three types of such enzymes
in a eukaryotic cell. The enzyme binds
to the DNA at a correct “start” site for
RNA and selects the first nucleotide,
which becomes the 5’ end of the RNA
chain. It then moves rapidly down the
DNA chain, adding the correct nucleo-
tides to the RN A chain. The RNA sepa-
rates from the DNA as it is assembled;
the 5’ end comes off first, and the RNA
molecule as a whole does not come off
until the 3’ end is formed.

When the RNA polymerase copies a
region of one strand of the DNA, the
nucleotide that is added to the RNA is
complementary to the one on the DNA.
Because of the molecular structure
of the nucleotides, each nucleotide can
form hydrogen bonds with only one of
the other three. Thus C and G can form
hydrogen bonds only with each other,
and 4 and U (or T) can form hydrogen
bonds only with each other. It is the hy-
drogen bonds between complementary
bases that enable two strands of DNA to
form a double helix. By the same token
a piece of RNA can form a double-
strand molecule with a piece of DNA if
the bases on the two strands are com-
plementary.

The transcribed RNA is therefore
complementary to the stretch of DNA

from which it comes. Since it conserves
the information from that part of the
genome (the full complement of genetic
information), the RN A can embody the
code for the chain of amino acid units
that constitutes a protein. The code is
read from the RNA three nucleotides at
a time, and each triplet of nucleotides,
which codes for one of the 20 different
amino acids, is called a codon. In the
process of translation the reading of the
codon results in the addition of the cor-
responding amino acid to the protein
chain being assembled.

The Three RNA’s

Messenger RNA, the RNA with the
protein-coding function, is not the only
kind of RNA. There are at least two oth-
er major kinds, each of which has a sig-
nificant role in protein synthesis. Ribo-
somal RNA (rRNA) is a component of
the ribosome, the cytoplasmic organelle
that acts as a platform for translation.
The ribosome is made up of two sub-
units, designated large and small; each
subunit incorporates one rRNA mole-
cule and between 25 and 50 protein mol-
ecules. Transfer RNA (tRNA) functions
as a molecular hook to put the next ami-
no acid on the end of a protein chain;
each of the many different tRNA’s rec-
ognizes a particular amino acid.

On the ribosome the transfer RNA is
brought together with the messenger
RNA and the enzymes whose function is
to connect the right amino acid to the
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protein chain and to advance the appa-
ratus to read the next codon. Thus in
the synthesis of a protein, tRNA and
rRNA have repetitive roles that are car-
ried out under the instructions of the
mRNA. In human cells there are about
a million copies of each kind of tRNA
and about five million copies of each of
the two main kinds of rRNA: one for
each ribosome in the cell.

Because of their abundance the trans-
fer RNA’s and the ribosomal RNA's
are easier to study than the messenger
RNA’s, and they had been intensively
investigated before much was known
about mRNA. Indeed, the first example
of RNA processing was found in ribo-
somal RNA. In 1961 Klaus Scherrer and
Harriet Latham joined me in a new ani-
mal-cell and animal-virus laboratory at
the Massachusetts Institute of Technol-
ogy. We undertook to examine the RNA
of human cells grown in a culture medi-
um. We wanted in particular to compare
the newly transcribed RNA’s in the cell
with the abundant kinds of stable RN A:
the tRNA’s and the two kinds of rRNA.

Bacteria are prokaryotic: their cells
have no well-defined nucleus. In such
a cell transcription and translation are
carried out simultaneously: the messen-
ger RNA begins to be translated while
it is still being transcribed from the
DNA. Like eukaryotic cells, however,
bacterial cells rely on ribosomes and
tRNA’s; therefore much of the ecarly
work on the three stable kinds of RNA
was done with bacterial cells.
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netic message to be translated into the chain of amino acids in the
protein, RN A must be transcribed from the DNA. The intron sequen-
ces must then be removed in order for the messenger RNA (mRNA)
to have the correct coding sequence. Introns are characteristic of
genes in eukaryotic cells: cells that unlike bacterial cells have a well-
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defined nucleus. The nucleotides 47G at the beginning of the se-
quence (upper lefr) are the signal for the initiation of protein synthe-
sis. The nucleotides 744 at the end of the sequence are the signal for
the end of protein synthesis. The nucleotide sequence was worked out
by Philip Leder and his colleagues at the Harvard Medical School.
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The three types of stable, abundant
RNA'’s can be distinguished on the basis
of their size. The tRNA’s are all fairly
small: about 80 nucleotides long. The
two main kinds of ribosomal RNA are
substantially larger. The size of an RNA
molecule is often measured according to
how fast the molecule sinks when it is
spun at high speed in a centrifuge. The
method is called zonal sedimentation
analysis, and the sedimentation rate is
expressed as the Svedberg number, ab-
breviated S. The longer the RNA, the
larger its S is. The two major forms of
rRNA ineukaryotic cells are designated
185 and 28S.

In our first experiments Scherrer, La-
tham and I sought to find out whether
the initial products in the transcription
of RNA are the same size as the abun-
dant kinds of RNA, or alternatively
whether the RNA is transcribed in units
that are longer or shorter than the abun-
dant molecules. Nucleosides, the precur-

sors of nucleotide bases, can be labeled
with various radioactive atoms. If grow-
ing cells are supplied with radioactive
nucleosides, the labeled subunits will
enter the pools of nucleotides that pro-
vide the building material for RNA
chains. The radioactive molecules will
then be added to new RNA chains by
the RNA polymerases. The label pro-
vides a means of identifying the newly
constructed RNA. After the labeled
RNA’s are extracted from the cell they
can be separated according to their
size by sedimentation analysis and com-
pared with the previously existing unla-
beled RNA in the cell.

The Processing of rRNA and tRNA

The cells were initially supplied with
the labeled nucleosides for only five
minutes. When this was done, the radio-
activity did not appear in the RNA with
sizes corresponding to the three preex-

NUCLEUS

AMINO ACID
CHAIN

RIBOSOME

TRANSCRIPTION

RNA PROCESSING
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GENETIC REGULATION in a eukaryotic cell has several levels. In the nucleus of such a cell
the DNA is first transcribed into a primary RNA transcript, which is a complementary copy of
a stretch of DNA. The primary transcript is processed into mature mRNA: messenger RNA
with the noncoding sequences removed. The mRNA is then transported from the nucleus to
the cytoplasm, where it is translated by ribosomes into the amino acid chain of a protein. The
expression of the genes can be controlled during transcription and processing in the nucleus,
during translation in the cytoplasm and during transport from the nucleus to the cytoplasm.
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isting stable kinds. Instead it appeared in
the nucleus of the cells in an assortment
of molecules with a wide range of sizes.
Many of the labeled molecules were
much longer than even the longest ribo-
somal RNA, which is 5,000 nucleotides
long. As we shall see, such large, rapidly
labeled molecules turned out to be of
great significance in the work on mes-
senger RNA. The transcription products
that were labeled after five minutes were
of so many different sizes that they
could not be put into a few categories on
the basis of their size. When the time
during which the labeled nucleosides
were supplied to the cell was increased
from five minutes to 60 minutes, how-
ever, distinct groups of labeled mol-
ecules having different sizes became
evident. One of the largest molecules,
which appeared after 25 to 30 minutes
of labeling, had a sedimentation value
of 458.

The base composition of the 458
RNA (the relative abundancesof 4, C, G
and U) was very similar to that of the
185 and 28S RNA’s. The 455 molecule
was soon found to be related to the ribo-
somal RN A’s in another and most inter-
esting way. Transcription can be inter-
rupted quickly by the antibiotic actino-
mycin, which binds tightly to DNA. We
supplied actinomycin to the cells after
the label had already been taken up
into the 455 molecule. After the antibi-
otic had been supplied no more RNA
was transcribed from DNA; hence any
label was in molecules that had been
transcribed earlier. Shortly after the ac-
tinomycin was supplied the label disap-
peared from the 458 molecules and re-
appeared in the 185 and 285 RNA’s.

We hypothesized that the 455 RNA is
a long primary transcription product
that is cut to yield the two finished ri-
bosomal RNA’s. The hypothesis has
since been borne out by many experi-
ments. Improved methods of nucleotide
sequencing have made it possible to de-
termine the sequence of bases in both
the genes for the ribosomal RNA and
the rRNA’s themselves. It is now clear
that a long rRNA precursor is cut up
to yield shorter finished molecules in
many types of eukaryotic cells, includ-
ing those of yeast, plants, frogs and
mice. Recent experiments have shown
that it is so even in bacteria.

Moreover, in the late 1960’s Roy H.
Burdon of the University of Glasgow
and Deborah Bernhardt in my laborato-
ry at M.LLT. found that transfer RNA
is also formed by processing. In tRNA,
however, the difference in length be-
tween the primary transcript and the fin-
ished molecule is only between 20 and
30 bases: a precursor about 100 nucleo-
tides long is shortened to yield the 80-
nucleotide finished product.

By the early 1970’s the processing of
ribosomal RNA and transfer RNA had
been conclusively established in many



types of cell. The question then arose of
whether messenger RNA was processed
in a similar way. It seemed unlikely
that mRNA could be processed in pro-
karyotic cells, since in prokaryotes ri-
bosomes translate the mRNA while it
is still being transcribed. In eukaryot-
ic cells, on the other hand, where tran-
scription and translation are separated
in time and space, mRNA processing
was a distinct and interesting possibility.

RNA’s in the Polyribosome

Much more had to be found out about
messenger RNA, however, before the
question of its processing could be ap-
proached directly. When the processing
of ribosomal RNA was discovered in
the 1960’s, the mRNA of eukaryotic
cells had not even been isolated. It had
been shown quite early that amino acids
are added to proteins in polyribosomes:
clusters of ribosomes in the cytoplasm.
It was therefore assumed that the mes-
senger was in the polyribosomes, but it
had not been proved.

In an attempt to find the putative
messenger Sheldon Penman, Yechiel
Becker and Scherrer in my laboratory
at M.I.T. grew the human tumor cells
called HeLa cells in the presence of la-
beled nucleosides. The nucleosides were
incorporated into RNA; later labeled
RNA was extracted from the polyribo-
somes. Some of the extracted RNA was
of course ribosomal RNA, but the
rRNA had not been labeled after a brief
exposure to the radioactive precursors.
There was, however, another group of
RNA molecules in the polyribosomes
that had been rapidly labeled, and these
molecules had a base composition quite
different from that of rRNA. The poly-
ribosomal RNA’s, as they were called,
were from 500 to 3,000 nucleotides
long. We hypothesized that the polyri-
bosomal RNA included an assortment
of all the messenger RNA’s in the cell.

The base composition of the polyribo-
somal RNA’s was compared with that
of the long molecules that had been
found in the nucleus in the course of the
work on ribosomal-RNA processing.
The assortment of rapidly labeled non-
ribosomal RNA’s had been named het-
erogeneous nuclear RNA (hnRNA). It
was readily shown that the hnRNA had
a base composition much like that of
the briefly labeled polyribosomal RNA.
Hence it appeared that hnRNA could be
a precursor of the messenger molecule
that was utilized in translation in the
polyribosomes.

The trouble with the hypothesis was
that some of the hnRNA’s were 5,000
nucleotides long or longer, whereas the
longest polyribosomal RNA’s were only
3,000 nucleotides long. With the exam-
ple of tRNA and rRNA processing in
mind, we suggested that the hnRNA is
shortened in a processing operation in

the nucleus before being transported
into the cytoplasm. It was not feasible
for some years, however, to test this pos-
sibility in a direct way. The reason is
that eukaryotic cells manufacture thou-
sands of kinds of messenger RNA. Since
no single mRNA had been isolated, it
was not possible to observe the synthesis
of an mRNA molecule to tell whether or
not it is processed.

One way of circumventing the diffi-
culty is to take advantage of the simplic-
ity of organisms much less highly orga-
nized than cells: viruses. We therefore
turned to the study of virus-infected eu-
karyotic cells. The infection of an ani-
mal cell by a virus turned out to be
an excellent experimental system for
studying the biochemical properties of
messenger RNA and ultimately its syn-
thesis. The genome of a virus, which is
contained in the core of the virus parti-
cle, is a molecule of DNA or RNA.
When the viral genome enters the host
cell, it usurps the cell’s synthetic appara-
tus so that the cell manufactures viral
nucleic acids and proteins. At the end of
the process of infection new viral mole-
cules combine into virus particles that
can infect other cells. Compared with
the mammalian host cell the virus has
few proteins and therefore few mes-
senger RNA’s. This simplifies matters.
Since the viral mRNA must be translat-
ed by the host’s ribosomes and tRNA’s,
the viral mRNA can be examined al-
most as if it were the mRNA of a eu-
karyotic cell. Furthermore, some DNA
viruses enter the cell nucleus, where en-
zymes make viral mRNA; hence the
steps in RNA manufacture can also be
studied by means of a virus.

The Virus as a Tool

The simplicity of the virus was initial-
ly exploited to show that the briefly la-
beled polyribosomal RNA is the mes-
senger. Penman and Becker in my labo-
ratory found that in cells infected with
the virus of poliomyelitis, an RNA vi-
rus, the viral RN A took the place of the
briefly labeled cellular RNA in the ribo-
somes. Several investigators then uti-
lized a second method to show that the
viral mRNA enters the polyribosomes.
The method is the one called molecular
hybridization, which was first applied to
DNA viruses that infect bacteria by Sol
Spiegelman and Benjamin D. Hall of the
University of Illinois. Molecular hy-
bridization relies on the fact that strands
of RNA and DNA can hybridize, or
form a double-strand structure, only if
their nucleotide sequences are comple-
mentary. If a hybrid is formed, it can be
inferred that the RNA was originally
transcribed from the DNA.

RNA extracted from the polyribo-
somes of cells infected with DNA vi-
ruses was mixed with the DNA of the
virus and the host cell. When this was
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TRANSCRIPTION of DNA into RNA pre-
serves the genetic information encoded in the
DNA. Each DNA nucleotide can form hydro-
gen bonds with only one other nucleotide: A
(adenine) pairs with 7 (thymine) and C (cyto-
sine) pairs with G (guanine). The nucleotides
that can form hydrogen bonds are said to be
complementary; the DNA helix is made up of
two complementary DNA chains held togeth-
er by such bonds (7). RNA is a single chain of
nucleotides in which thymine is replaced by
uracil (U). Both DNA and RNA chains are
directional: one end is designated 5’ and the
other 3'. One strand of DNA is transcribed
into RNA by the enzyme RNA polymerase
(2). The enzyme moves along one strand of
the DNA, reading the nucleotides in turn and
adding the complementary nucleotide to an
RNA chain growing from 5’ to 3’ (3). When
the 3’ end of the RNA is formed, the new
RNA transcript separates from the DNA (4).
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done, the polyribosomal RNA hybrid-
ized with the DNA of the infecting virus
but not with the DNA of the mammali-
an host or that of other viruses. Brian
R. McAuslan of Princeton University
went on to show that the core structure of
the vaccinia virus, a large DNA virus,
can synthesize RNA from nucleotide
precursors. Molecular hybridization
was employed to demonstrate that the
RNA synthesized by the virus core was
the same as the polyribosomal RNA in
cells infected with vaccinia virus. The
polyribosomal RNA had therefore un-
questionably been identified as the mes-
senger: it was known to be present
at the site of translation and it had
been matched with the complementary
stretches of DNA in the viral genome.

The identification of the messenger
was a decisive advance. By studying vi-
ral mRNA’s it was possible to follow
the synthesis of specific messenger mol-
ecules to see what operations are per-
formed on the transcript. Several signifi-
cant types of messenger-RNA process-
ing were soon found. Joseph R. Kates of
the University of Colorado at Boulder
noted that a segment of each mRNA
synthesized by the vaccinia virus is rich
in adenine nucleotides (A4). By chemical
analysis Kates showed that the adenine-
rich segment is at the 3’ end of the mes-
senger. Soon four groups led by Kates,
Mary Edmonds of the University of
Pittsburgh, George Brawerman of Tufts
University and me independently dem-
onstrated that almost all polyribosomal
mRNA’s from animal cells have a se-
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TRANSLATION of RNA into protein requires two kinds of RNA
in addition to the mRNA that bears the genetic information. Ribo-
somal RNA’s (rRNA’s) are structural components of the ribosome
(1). Transfer RNA’s (tRNA’) serve as a hook to add an amino acid
to the growing protein chain; each tRNA is specific to one amino
acid. Each amino acid in the protein chain is specified by a codon:
a sequence of three nucleotides in the mRNA chain. The tRNA mole-
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quence of from 150 to 200 A4’s attached
to their 3’ end. The sequence is not
found, however, in transfer or ribosom-
al RNA’s.

The 3’ “tail” of adenine nucleotides
on the messenger RN A has been named
the poly(A4) sequence, and the process
whereby poly(4) is added is called poly-
adenylation. It is now known that the
tail is added to hnRNA in the cell nucle-
us by an enzyme almost immediately af-
ter the hnRNA is transcribed. Although
the sequence of molecular events in
polyadenylation has not been recon-
structed in the test tube, it has now been
established that the RNA polymerase
proceeds far past the poly(A) site: the
place on the DNA that corresponds to
the 3’ end of the hnRNA where the tail
is added. The RNA chain is cut about 20
nucleotides past a signal sequence; part
of the signal is the group AAUAAA,
which has been found in more than 100
mRNA’s in plants and animals. The free
3’ end is then elongated by the addition
of about 200 A4’s. The addition is done
by an enzyme discovered by Edmonds.

Tails and Caps

Almost all messenger RNA’s that are
transported to the cytoplasm have a
poly(A) tail. An mRNA, however, need
not have a poly(A) tail in order to be
translated. The function of the tail ap-
pears to be to protect the mRNA from
breakdown by enzymes in the cyto-
plasm. Messenger RNA’s without the
poly(A) tail last only a few minutes in
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the cytoplasm, whereas those with the
tail can be stable for hours or days. The
only known mRNA'’s that enter the cy-
toplasm without a poly(A) tail are the
ones for the small proteins called his-
tones, which bind to DNA. These his-
tone mRNA’s, designated poly(4)-, last
less than 30 minutes in the cytoplasm.
In addition to its theoretical interest
the poly(A4) sequence was of great prac-
tical benefit to the work on messenger-
RNA processing. The reason is that an
mRNA molecule can be caught by its
poly(A) tail. This is done by synthesizing
a polynucleotide homopolymer: a chain
consisting of only one type of nucleo-
tide. A vertical glass column is filled
with paper fibers that have such a poly-
mer adhering to them; a homopolymer
consisting of all Ts or all U's is generally
used. Now the entire RNA complement
of the cell is passed through the column.
The poly(A) sequences at the end of the
mRNA’s hybridize with the homopol-
ymers and remain in the column. The
RNA without poly(A4), mainly transfer
RNA and ribosomal RNA, is washed
away. This technique, affinity chroma-
tography, was the first practical means
of isolating in a chemically pure form
the mRNA from a eukaryotic cell.
The availability of purified mRNA
gave a great impetus to the work on
RNA processing. Two additional proc-
essing operations were soon found. In
1974 Robert P. Perry of the Institute for
Cancer Research found that animal-
cell mRNA is not composed only of the
four regular nucleotides. Some of the

CGA|lUCA

|
b

cule binds to the mRNA by means of an anticodon, the group of three
nucleotides that are complementary to the codon (2). As the ribosome
moves along the messenger molecule the anticodon recognizes the co-
don and forms hydrogen bonds with it; at the same time the amino
acid at the other end of the tRNA is attached to the protein chain.
When the ribosome moves to the next codon, the tRNA is ejected
and replaced by another tRNA that corresponds to the new codon (3).



nucleotides in the chain are methylated,
that is, they have extra methyl groups
(CH3) added to them. Bernard Moss of
the National Institute of Allergy and In-
fectious Diseases, Aaron J. Shatkin of
the Roche Institute of Molecular Biol-
ogy and Kin-Ichiro Miura of the Na-
tional Institute of Genetics in Japan
found that some nucleotides in viral
mRNA'’s are also methylated.

The enzymes called ribonucleases
were utilized to determine where the
most significant methylated structures
in the messenger RNA are. Ribonucle-
ases break the bonds between adjacent
nucleotides in the RNA chain. The re-
sult is a collection of single nucleotides,
each with an attached phosphate unit.
When ribonucleases were applied to
the methylated viral RNA, however, a
complex structure that included sever-
al phosphate groups was found in addi-
tion to the single nucleotides.

Many chemical tests have been done
on the ribonuclease-resistant structure,
and its makeup is now understood. The
structure, called a cap, is found on the 5’
end of all mRNA’s that have been ob-
served in eukaryotic cells with the ex-
ception of a single virus mRNA. The
most distinctive component of the cap
is a guanine nucleotide (G) to which a
methyl group has been added. The gua-
nine nucleotide is connected to the 5’
end of the RNA by a bond that includes
three phosphate groups.

Lessons from the Adenovirus

Perry’s group, Shatkin’s group and
my own (now at the Rockefeller Uni-
versity) tried to determine if the cap is
added in the nucleus, as we had done
when the poly(A) tail had been found to
be a common part of cellular mRNA'’s.
We discovered that the caps are added
to the free 5’ end of the growing RNA
chain by enzymes in the nucleus before
the polymerase has transcribed more
than about 20 bases. Moss’s group has
recently isolated the enzyme that adds
the cap. Unlike the poly(A) tail, the cap
is added to all mRNA transcripts. The
function of the cap is not completely
understood, but it appears that the struc-
ture serves to promote translation. Since
the cap is added to all mRNA’s, its addi-
tion probably is not a significant form of
genetic regulation.

The discovery of polyadenylation and
capping redirected our attention to the
relation between hnRNA and mRNA. It
was already known that the two kinds of
molecule have a similar base composi-
tion. When hnRNA and polyribosomal
mRNA were purified by affinity chro-
matography, it was found that the mole-
cules in both groups have a 5’ cap and a
3’ poly(A) tail. Therefore if hnRNA is
the precursor of mRNA, the ends of the
molecule are preserved in the course of
processing and transport into the cyto-
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EVIDENCE FOR RNA PROCESSING was first found for rRNA. In the mammalian cell
most of the stable RNA is found in the cytoplasm. A much smaller quantity of stable RNA is
found in the nucleolus, an organelle of the nucleus. The size of an RNA molecule is measured
by how fast it sinks when it is spun at high speed in a centrifuge; the unit of size determined in
this way is S (for Svedberg unit). The three kinds of stable RNA are the 18S and 285 rRNA’s
and the smaller tRNA’s. In experiments radioactive nucleotide precursors can be incorporat-
ed into new RNA, and the radioactively labeled molecules can yield information about the size
of the RNA transcript. In the experiments on RNA processing mammalian cells were exposed
to radioactive precursors (/). After five minutes the radioactive label appeared in RNA’s in
the nucleus with a wide range of sizes (2). After 25 to 30 minutes much of the label was in a nu-
clear molecule with a size of 455 (3). The antibiotic actinomycin, which stops RNA synthesis,
was applied to the labeled cells (4). The label disappeared from the 455 molecules and ap-
peared in 185 and 285 molecules in the cytoplasm. The 455 RNA therefore appeared to be a pre-
cursor that is shortened to yield the stable types of rRNA before transport to the cytoplasm.
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plasm. The hnRNA'’s, however, were on
the average five times as long as the
polyribosomal mRNA’s. One possible
explanation for the difference seems in-
tuitively obvious: a piece could be cut
out of the middle of the hnRNA and
the molecule could be spliced with the
ends preserved. To molecular biologists

in 1976, however, the idea appeared
farfetched or even impossible.

In less than two years the farfetched
possibility was shown to be what actual-
ly happens in a eukaryotic cell. Much of
the work done to demonstrate that
hnRNA is shortened to become mRNA
utilized as part of the experimental sys-

tem the adenovirus: one of many viruses
that can cause infections of the upper
respiratory tract in human beings. The
course of adenovirus infection has been
thoroughly studied. In particular the
timing of the replication of the viral
DNA in the cell nucleus, the composi-
tion of the viral proteins and the se-
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PRECURSOR OF RIBOSOMAL RNA in eukaryotic cells includes
three “spacers” that are removed in processing. Improved methods
for determining the nucleotide sequences of DNA and RNA have
made it possible to show precisely how the primary RNA transcript,
which in human cells has a sedimentation value of 458, is processed
to yield the 185 and 28S rRNA'’s. The general structure of almost all
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CAP AND TAIL are added to the RNA transcript in the first stages
of mRNA processing. When the RNA polymerase has transcribed
only about 20 nucleotides, enzymes in the nucleus add a molecular
structure to the free 5’ end of the transcript (1, 2). This cap consists
of a modified guanine (G) attached to the transcript by a bond that in-
cludes three phosphate groups (P). As the polymerase moves farther
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eukaryotic primary ribosomal RNA transcripts is similar; the one
shown is from the cultured human tumor cells designated HeLa. The
first step in processing is for enzymes to make a cut between the 18$
and 5.85 segments. The spacers are then removed by other enzymes,
and the 5.85 RNA is attached to the 285 RNA by hydrogen bonds,
leaving the two stable forms of RNA that are found in the ribosomes.
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down the DNA it transcribes the sequence A4U4AA, which has a role
in the addition of the string of 4’s called poly(4) (3). The RNA tran-
script is cut about 20 bases past the 44UA444 sequence (4). The
same enzyme or another one then adds the 150 to 200 4’s of poly(4)
to the 3' end of the chain (5). In further processing the end struc-
tures are preserved while the interior of the transcript is modified.
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quence in which the proteins are manu-
factured are well understood. The ade-
novirus was therefore a good organism
to be studied for finding out how virus-
specific RNA is synthesized in the cell
nucleus and processed to yield mRNA.

The adenovirus genome is a double-
strand molecule of DNA 36,000 nucleo-
tides long. The position of a particular
sequence of nucleotides in the viral ge-
nome is generally described according
to a linear map of 100 units in which
each unit stands for 360 nucleotides. Let
O refer to the left end of the map and 100
to the right end. From eight to 10 hours
after the virus particle enters a human
cell the cell begins to make copies of the
viral DN A. The viral proteins are classi-
fied in relation to the time of DN A repli-
cation. The “early” proteins are made
before the DNA isreplicated. The small
group of “intermediate” proteins are
made at about the time the DNA is rep-
licated. The “late” proteins are made
mainly after replication is under way.
Most of the proteins that form the struc-
ture of the virus particle are late pro-
teins. Among them are the hexon pro-
teins, the most abundant proteins in the
virus’s outer shell.

The investigation of messenger-RNA
processing concentrated on the late ade-
novirus proteins. The work relied heavi-
ly on the restriction endonucleases, a
group of enzymes that had a profound
effect on molecular biology when they
were discovered in the 1970’s. Each re-
striction endonuclease cuts DNA or
RNA at a specific sequence of from
four to six nucleotides. In a particular
genome the restriction sites, the points
where the enzyme cuts the DNA, are
fixed. Therefore restriction endonucle-
ases can be employed to cut a molecule
of DNA into reproducible fragments.
When the restriction sites have been
identified, the fragments can be grouped
in an ordered set with each fragment
occupying a known position on the lin-
ear map of the viral genome.

Progress through Hybridization

It can readily be seen that having such
a set of ordered pieces of DNA greatly
increases the power of the molecular-
hybridization technique. If 1abeled mol-
ecules of RNA are mixed with an or-
dered set of DNA pieces, the resulting
hybrids indicate with great precision the
position in the genome from which the
RNA was transcribed. With this formi-
dable technique we attempted to deter-
mine whether the adenovirus late-pro-
tein messenger RN A’s are transcribed in
the cell nucleus as a single long unit and
then cut into smaller pieces or whether
they are transcribed in units about the
size of the messenger molecules.

When transcription of the viral RNA
had begun, cells infected with adenovi-
rus were exposed to radioactive nucleo-
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ADENOVIRUS, a virus that causes upper-respiratory-tract infections in human beings, is
shown in schematic cross section. This virus was an important subject in early investigations of
the processing of mRNA, because at that time no mRNA’s had been isolated from mammalian
cells. The outer shell of the adenovirus is made up of protein molecules, most of which are those
named hexons. The major hexon proteins are the ones designated 2, 3, 4 and IX. Within the
shell is a double-strand molecule of DNA about 36,000 nucleotides long. When the virus enters
a human cell, the viral DNA is replicated and a relatively small number of mRNA’s are tran-
scribed from it. The virus then usurps the apparatus of protein synthesis in the host cell to
make proteins corresponding to these mRNA’s. The hexon proteins are part of a group of
“late” proteins that are synthesized mainly after the viral DNA has begun to be replicated.

sides for such a short period that only a
few labeled precursors were added to
each RNA chain. In a population of in-
fected cells there are RNA polymer-
ases at almost every position on the vi-
ral DNA that serves as a template for
the transcription of RNA. If label is
supplied to the cells, radioactive nucleo-
tides will be found on the ends of an as-
sortment of RNA molecules with dif-
ferent lengths. The shortest labeled
RNA'’s will be close to the starting point
for transcription. Longer molecules will
also be observed, with the longest near
the end point of transcription.

The labeled RNA was extracted from
the cells and purified. The purified
RNA'’s were separated according to size
and hybridized with an ordered set of
adenovirus-DNA fragments. The mo-
lecular hybridization gave us a way of
testing the hypotheses about how mes-
senger RNA is made. If the late-protein
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mRNA’s were transcribed in small units
corresponding to individual mRNA’s,
the hybridization would yield a complex
pattern in which short RNA’s would be
hybridized to the DN A near each of the
multiple start sites for transcription.
Now consider what would happen if
the late-protein messenger RNA’s were
transcribed as a single unit and then cut
in pieces. There would be only one start-
ing point for transcription, and the
shortest RNA’s would hybridize only
with the DNA near the single starting
point. Longer labeled RNA’s would hy-
bridize at the appropriate intermediate
positions in the transcription unit. When
the briefly labeled nuclear RNA from
infected cells was hybridized to the ade-
novirus DNA, the shortest RNA’s hy-
bridized near only one position: map
unit 16. The longer RNA’s were spread
out to the right of unit 16 according to
their size. We therefore concluded that
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the late-protein messenger RNA’s are
transcribed as a single unit beginning
near map position 16.

Positions on the Gene Map

Two groups of young investigators,
one group at the Cold Spring Harbor
Laboratory and the other at M.I.T., did
a series of experiments that revealed
how the primary RNA transcript from
the late-protein transcription unit is
processed. Richard J. Roberts and Rich-
ard E. Gelinas of Cold Spring Harbor
found that all the adenovirus late-pro-
tein messenger RN A’s had the same 11
nucleotides adjoining the 5’ cap. Work-
ing with the mRNA for one of the hexon
proteins, Philip A. Sharp, Susan M. Ber-

get and Claire Moore of M.I.'T. found
that the common sequence adjacent to
the cap did not hybridize next to the
major portion of the mRNA. When the
hexon mRNA was mixed with DNA,
it consistently formed a hybrid about
4,500 bases long in the middle of the
viral genome that could be visualized
by electron microscopy. Two tails, how-
ever, extended from the central double-
strand structure. At the 3’ end was the
poly(A4) sequence, which was not ex-
pected to hybridize because it is not de-
rived from the viral DNA. At the other
end of the mRNA the common 5’ se-
quence also extended from the hybrid
as a single-strand tail.

Both groups quickly recognized the
possibility that the 5’ sequence might
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ADENOVIRUS LATE TRANSCRIPTION UNIT has both multiple poly(4) sites and multi-
ple splice sites. It can be processed to yield the mRNA’s that encode more than a dozen adeno-
virus late proteins. A transcription unit is a continuously transcribed stretch of DNA. The ade-
novirus late unit extends from position 16 almost to position 100 on a linear map of the viral
DNA in which each unit stands for 360 nucleotides. In all late mRNA’s there are sequences
complementary to positions 16, 20 and 27. From position 30 to near position 100 are the se-
quences that encode the late proteins, arranged in families designated L1, L2, L3, L4 and LS.
Each family includes the coding region for several related proteins. At the right end of each
family is a single poly(A4) site common to all the mRNA’s in that group. Soon after transcrip-
tion begins a cap structure is added to the 5’ end; the RNA polymerase eventually transcribes
the entire late unit. As it traverses the five poly(4) sites one of them is chosen; other enzymes
cut away the nucleotides at that site and poly(4) is added. Here L2 has been chosen. The se-
quences between positions 16, 20 and 27 and between position 27 and the L2 family are re-
moved. One of the coding segments in the L2 family is then chosen. The basis for the choice of
poly(A4) site and splice site is not known. The mature mRNA includes the 5’ cap, the com-
mon sequences at positions 16, 20 and 27, the code for a particular late protein and the 3’ tail.
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come from another part of the adenovi-
rus genome. Sharp at M.I.T., and also
Thomas R. Broker and Louise T. Chow
at Cold Spring Harbor, mixed many
late-protein messenger RNA’s with the
ordered set of DNA fragments and got
an amazing result: each mRNA hybrid-
ized at four separate positions on the vi-
ral genome. Each formed a hybrid at a
unique site that corresponded to the
coding sequence for the protein. In ad-
dition all the mRNA’s, regardless of the
position of the coding sequence, formed
hybrids at positions 16, 20 and 27. The
result suggested that each adenovirus
late-protein mRNA is a mosaic made
up of three common sequences with one
unique piece of genetic information.

Recent work by several investigators,
including Heschel J. Raskas of Wash-
ington University School of Medicine
and Joseph R. Nevins and Edward Ziff
of Rockefeller University, has shown
how the adenovirus mRNA’s come to
incorporate both common and unique
sequences. In this work the adenovirus
late-protein transcription unit has been
shown to be a very complex piece of
biological machinery. It is now known
that in a mammalian cell infected by an
adenovirus the main transcription prod-
uct made after DNA replication is the
late-protein transcription unit, which
carries coding sequences for 13 or 14
late proteins. The transcription unit ex-
tends from map position 16 almost to
position 100 at the right end of the map.
Near unit 16 is a stretch of nucleotides
called the late promoter, which induces
the polymerase to begin transcription.
At positions 16, 20 and 27 are the
common sequences observed by Sharp,
Broker and Chow. From position 27 to
position 100 are the coding sequences.

The coding sequences in the late tran-
scription unit are arranged in five
groups. The groups are designated L1,
L2, L3, L4 and L5 (in order from left
to right on the map). Each numbered
group includes the coding sequences for
a family of related proteins. At the right
end of each group is a poly(A4) attach-
ment site. For example, the L2 group
extends from about position 40 to posi-
tion 50; its poly(A) site is at position 50.
Thus there is one cap site at position 16
and a total of five poly(A) sites in the late
transcription unit.

Splicing the Messenger

For each family of proteins the coding
sequences have a similar overlapping
arrangement. All the coding sequences
overlap at the right end of the numbered
unit, and all of them include the nucleo-
tides adjacent to the poly(A4) site. In
the middle of the group, however, the
coding sequences diverge: each one in-
cludes a different segment of the nucle-
otides in the middle of the unit. When
a mature messenger-RNA molecule is



formed from the late transcription unit,
only one coding sequence is included.

From many experiments it has be-
come clear that the mature mRNA is
processed in the following way. Tran-
scription is initiated at the late promoter
and moves to the right from position 16.
When a few nucleotides have been tran-
scribed, the dangling 5’ end of the RNA
is capped. The polymerase then moves
toward position 100, passing all five
poly(A) sites. During the passage en-
zymes cut the transcript at one poly(A4)
site and attach the poly(A4) tail there.
The first RNA molecule in the stages of
processing therefore includes all the se-
quences from position 16 to the chosen
poly(A) site. For example, if the L2 site
is picked, the RNA will include the se-
quences from position 16 to position 50;
the L1 family of coding sequences is
included with the L2 family but not
the L3, L4 and LS5 families. The RNA
downstream from the L2 site (including
the L3, L4 and L5 groups) is apparently
destroyed in the nucleus and is never
utilized in a messenger molecule.

The partially processed poly(A4)-con-
taining nuclear RNA therefore includes
several “spacers” that are not part of
the mature mRNA. The spacers are re-
moved by enzymes in a process that can
take as long as 20 to 30 minutes. The L1
sequences are taken out. The stretches
from position 16 to position 20 and
from position 20 to position 27 are also
removed, leaving only the common se-
quences at positions 16, 20 and 27. The
result is a molecule with one group
of related coding sequences. In this in-
stance L2 has been selected. The L2
family has three coding sequences. One
of the three is picked by enzymes that
remove a variable piece of RNA from
within the L2 family. The result is the
mature mRNA, with the 5’ cap, the
common 5’ sequences, the poly(A4) tail
and one unique coding sequence.

The nucleotides from position 16 to
position 100 in the adenovirus genome
make up an extreme example of a com-
plex transcription unit. Such a unit is
one that can be processed to make more
than one kind of mature messenger. A
simple transcription unit, on the other
hand, yields only one kind of mRNA.
By a combination of multiple poly(A4)
sites and differential splicing a formida-
ble array of late proteins can be proc-
essed from a single adenovirus tran-
scription unit.

It can readily be seen that either mul-
tiple poly(A) sites or differential splicing
alone could yield a complex transcrip-
tion unit. Only a few complex transcrip-
tion units have been found in eukary-
otic cells. All but one of the complex
eukaryotic units have multiple poly(4)
sites only. Only one has both multiple
poly(A) sites and differential splicing:
the unit for the heavy chain of the pro-
tein myosin in the fruit fly.

PROCESSING OP ERATION EXAMPLE
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SIMPLE TRANSCRIPTION UNIT can be processed to yield only one kind of mRNA. The
processing of simple units is shown in schematic form at the left; examples of such units and
the organisms in which they are found are given at the right. The initiation site is where tran-

scription begins; the termination site is where it

ends. The poly(A) site corresponds to the point

where the 3’ poly(4) tail is attached. In some instances the RNA polymerase stops at the
poly(A4) site (1). In other instances transcription proceeds past the poly(4) site (2). The transcript
can be cut and spliced to yield a shorter finished mRNA if there are noncoding sequences
within it (3). The majority of transcription units found in mammalian cells are simple ones.
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COMPLEX TRANSCRIPTION UNIT can be processed to yield more than one mRNA and
hence more than one protein. The presence of two or more poly(4) sites can result in a com-

plex unit (7). If the unit is cut at the first poly(4)

site, one mRNA is made; if it is cut at another,

a different mRNA is made. In a transcription unit with only one poly(A) site there can be more
than one splice site. The mRNA that is made depends on which splice sites are chosen (2). Com-
plex units with more than one poly(4) site are common in viruses and have also been found in
mammalian cells. Units with differential splicing have been found in viruses and one example
has been found in a eukaryotic cell. Complex virus transcription units with multiple splice sites
can be integrated into the genes of the host cell and expressed along with the host’s genes.

In the genome of the rat a single tran-
scription unit with two poly(A) sites has
been found by Ronald Evans, Michael
Rosenfeld and their colleagues at the
Salk Institute for Biological Studies.
The unit includes the coding sequence
for two proteins: the hormone calcito-
nin, synthesized in the thyroid, and a
newly discovered neuropeptide, a ner-
vous-system hormone synthesized in the
pituitary. The two proteins have identi-
cal “heads” (the end of the protein chain
designated the amino terminal) but dif-
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ferent “tails” (the end designated the
carboxy terminal). In the cells of the
thyroid gland the first poly(A) site is
picked and calcitonin is made. In the
cells of the pituitary gland the second
poly(A) site is picked and the neuropep-
tide is made.

The work done since 1975 has proved
that genes in eukaryotic cells can be reg-
ulated by means of RNA processing. It
is not yet clear, however, how significant
such processing will turn out to be as a
form of genetic regulation. For most eu-
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| karyotic genes the chief method of regu-

lation still appears to be the control of
transcription. Moreover, the majority of
eukaryotic transcription units that have
been examined are simple units, which
can encode only one protein.

Exons and Introns

Even in simple transcription units,
however, processing is done to remove
spacers. After the work with the adeno-
virus broke the ground it became clear
that in eukaryotic genes the expressed
sequences (exons) are also commonly
interrupted by nucleotide sequences
that are not translated (introns). Divided
genes have been found in eukaryotes as
unrelated as yeasts and human beings.
In all the cells splicing is needed in or-
der to get a messenger RNA without
the introns and with the exons united
for translation. Thus RNA processing
is quite widespread among eukaryotes.

The divided genes of eukaryotes rep-
resent a remarkable departure from the
genes of prokaryotes. In a prokaryotic
cell the genes are uninterrupted, and ex-
tra pieces of DNA are soon discarded
from the genome. The view of cellular
evolution that once prevailed held that
eukaryotes evolved from single-celled
organisms much like current prokaryot-
ic cells. If this view is correct, it follows
that introns were introduced into pro-
karyotic genes in the process of evolu-
tion. On the other hand, Carl R. Woese
and his colleagues at the University of
Illinois at Urbana-Champaign have
proposed that eukaryotes did not de-
scend from prokaryotes and that there
are two equally ancient prokaryotic lin-
eages. Woese argues that the three lin-
eages descended from a single precur-
sor that he calls a progenote (meaning
“before a cell”).

The detailed analysis of the introns in
eukaryotic genes supports the notion
that eukaryotes did not evolve from
prokaryotes. First, the intervening se-
quences in some eukaryotic genes have
been in place for a very long time. For
example, in the oxygen-carrying mole-
cule hemoglobin there are two protein
chains: alpha globin and beta globin.
The amino acid sequences of the two
chains differ, but the chains are folded to
form similar three-dimensional struc-

‘tures in the hemoglobin molecule. The

structures are also quite similar to the
structure of myoglobin, the oxygen-
binding protein in muscle cells.

In spite of these structural similarities,
the differences in the amino acid se-
quences of alpha globin, beta globin and
myoglobin suggest that the genes for the
three proteins diverged from a common
precursor perhaps a billion years ago.
At the same time all three genes have
three exons separated by two introns in
analogous positions in the three genes.
Where the amino acid sequences di-
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verged, the arrangement of introns ap-
pears to have been preserved, so that
the introns could have been in place for
a billion years.

Moreover, when the three-dimension-
al structure of a protein is examined, it is
often found that the protein chain can
be divided into segments having differ-
ent functions; such segments are termed
functional domains. Many introns di-
vide genes into pieces each of which
codes for a different functional domain.
Therefore if the introns were introduced
into an existing genome at random, they
had the remarkable effect of dividing
genesinto pieces corresponding to sepa-
rate functions. It seems more likely that
the introns have been in place perhaps
since the beginning of evolution and that
the exons coding for functional domains
evolved independently of one another.

In the Beginning Was RNA

On the basis of these arguments and
others W. Ford Doolittle of Dalhousie
University in Nova Scotia, Darryl C.
Reanney of Latrobe University in Aus-
tralia and I have proposed that even in
precellular times the information for
proteins was not continuous. It is widely
thought that even though DNA comes
before RNA in the sequence leading to
the synthesis of protein in the cells of
today, the first coding nucleic acid was
not DNA but RNA. The reasons include
the fact that primitive RNA chains can
be synthesized without enzymes. Fur-
thermore, RNA can store coding infor-
mation and is necessary in translation. If
RNA evolved as a random nucleotide
chain, its useful information might not
have been continuous. RNA splicing to
bring discontinuous pieces of informa-
tion together would thus have been an
early and propitious evolutionary event.
Recently Thomas R. Cech of the Uni-
versity of Colorado at Boulder has
shown that RN A can be spliced without
enzymes, at least in the protozoan Tetra-
hymena. Therefore it is not implausible
that intervening sequences existed from
the earliest times and that RNA splicing
was an early feature of gene expression.

Such evolutionary speculations will
not be resolved for some time. Mean-
while pressing detailed questions re-
main to be answered. An intensive effort
is under way to identify the enzymes
that splice the transcript. When they are
found, it will be possible to discover
how one splice is selected rather than
another. Similarly it must be learned
why one poly(A) site is selected rather
than another. On a more general level is
the question of how significant RNA
processing is in genetic regulation as a
whole. Whatever the answers may be,
the investigation of RNA processing
will continue to have a profound effect
on our understanding of how genes are
expressed in eukaryotic cells.



BREAKTHROUGH:

FLOATAN EYE
TOSTEADY ITS GAZE.

No matter how well protected mobile cameras
or telescopes may be, the motion of the vehicle
carrying them causes the lenses to jitter and
shake. Images are blurred and imprecise.

We discovered a way to make a moving
lens sit still. By using high-energy, rare earth
magnets, we suspend an electro-optical system
in a magnetic field—in effect, make it float.
Untouched, it remains steady while its source
of transportation vibrates. This “soft ride”
assures crisp, unblurred vision for an observer
Or a Sensor.

Army scouts call it the first major advance
in mobile observation since binoculars were
issued to the cavalry.

WeTe creating breakthroughs not only in
optics but also in aerospace, health care, energy
and information processing.

We're McDonnell Douglas.

© 1983 SCIENTIFIC AMERICAN, INC




The Dead Sea

Five years ago the world’s most hypersaline lake “‘turned over,”’

dissipating a dense body of fossil brine that had been rsolated

from any contact with the atmosphere by fresher water above it

carrying its light burden of salts

leached from rock, sand and soil,
has flowed south through the Jordan
Rift Valley into the Dead Sea, a ter-
minal lake. There is no outflow. Under
cloudless skies the inflowing water evap-
orates into the desiccated desert air,
leaving the salts to accumulate in the
lake and its sediments. As a result the
Dead Sea is the world’s saltiest natural
lake, with an average salinity of 280
grams per kilogram compared with the
ocean’s average of 35 grams. The Dead
Sea is also the lowest place on the face of
the earth: its surface is about 400 meters
below sea level. Both the lake’s salinity
and its low location make it a valuable
natural resource. As a storehouse of
chemicals it is already being exploited
by Isrgel and Jordan, and Israel has
plans to realize the lake’s potential as a
sink for the generation of electric power
by piping seawater to it from the Medi-
terranean.

Any lake is a sensitive monitor of
environmental changes, the record of
which is encoded in the sediments of the
lake floor. In the case of the Dead Sea
geologic and hydrologic history is re-
corded not only in sediments but also in
the briny water itself and its long-term
salinity structure. Among all the hyper-
saline lakes of the world the Dead Sea is
the deepest as well as the saltiest, reach-
ing a maximum depth of 320 meters.
For centuries the fresh water flowing
onto its surface mixed to only a small
extent with the much saltier lake water,
tending to form less saline layers float-
ing over a dense column of fossil water.
Then, beginning in the 1960’s, the diver-
sion of increasing amounts of the fresh
water for irrigation lowered the lake and
made its surface water saltier and hence
denser. A few years ago the age-old gra-
dient disappeared and the water column
turned over, the fossil brine mixing
with the younger water. In this article
we shall briefly describe the Dead Sea’s
geologic, hydrographic and chemical
history and its current and potential ec-
onomic development before telling in

l.:'\or thousands of years fresh water,
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some detail what we and other limnol-
ogists and geochemists have been able
to learn about this historic overturn.

he Dead Sea has two basins: a larg-

er, very deep one to the north and a
smaller one, only a few meters deep, to
the south. The two basins are separated
by a broad peninsula called El Lisan
(Arabic for “the tongue”) that projects
from the eastern shore, leaving only a
narrow strait along the western bank;
the lake is so low now that the sill of the
strait is exposed and the southern basin
is dry most of the year (except for parts
maintained as evaporation ponds). The
southern end of the lake is at about the
latitude of transition from a Mediterra-
nean climate to an arid one, and indeed
the Judean Mountains bordering it to
the west and the Moab Mountains to the
east have as much as 600 millimeters
(about 24 inches) of rain per year.

Yet the local climate of the Dead Sea
is extremely arid and hot. The lake is in
the “rain shadow” of the Judean Moun-
tains, and the mean annual rainfall is
only between 50 and 75 millimeters. At
Sedom in the south there are 300 cloud-
less days per year, the summertime rela-
tive humidity is from 30 to 40 percent
and the average monthly temperature
ranges from 16 to 34 degrees Celsius (61
to 93 degrees Fahrenheit); 54 degrees C.
(129 degrees F.) has been recorded dur-
ing the day in summer. Considering the
aridity, water evaporates from the Dead
Sea relatively slowly because the vapor
pressure over the surface is lowered by
the water’s dissolved salts.

In the 1930’s (before major irrigation
works were begun) the Jordan River,
which combines the outflow of Lake
Kinneret (the Sea of Galilee) in the
north with that of the Yarmuk River
drainage basin to the east, supplied
some two-thirds of the Dead Sea’s total
inflow. The balance was accounted for
by smaller rivers such as the Arnon, by a
few freshwater and saline springs and by
the seasonal wadis that drain the moun-
tainous flanks of the lake. As is typical in
a zone of climatic transition, fluctua-
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tions in precipitation and runoff were
rather large, and the depth and area of
the Dead Sea varied accordingly.

In the past two decades most years
have seen a steady decrease in inflow as,
beginning in the early 1960’s, much of
the freshwater flow was diverted, first
into Israel’s National Water Carrier sys-
tem and then also into Jordan’s Ghor
Canal. Currently the level of the lake is
being lowered by about half a meter per
year (except in an occasional very wet
period). Even if the present rate of loss
by evaporation were maintained, how-
ever, it would take many hundreds of
years for the lake to dry up because the
northern basin is so deep. Actually the
rate of loss would decrease because
the surface area would be reduced as
the level falls and because the salinity
would increase with the reduction of
volume, further decreasing the vapor
pressure and hence the evaporation rate
per unit area; eventually an increasing-
ly concentrated brine becomes hygro-
scopic and absorbs water from the air.

The origin of the Dead Sea can be
traced in terms of plate tectonics: the
movement of the great plates into which
the lithosphere, the rigid outermost shell
of the earth, is divided. The lake lies
on the Syrio-African Rift, a “transform
boundary” along which two plates have
been sliding past each other for some 10
million years. The crust to the east of the
rift has moved north with respect to the
crust to the west. The relative motion
has stretched and thus attenuated the
crust, which has subsided. In piaces the
fault zone zigzags to the west, across the
direction of the sliding motion, which
has opened up discrete basins such as
the Dead Sea’s.

Immense layers of salt (sodium chlo-
ride) and gypsum on the Rift Valley
floor reveal that during the Pliocene ep-
och (some two to five million years ago)
the valley was in effect a great lagoon
connected at times to the ocean to the
west. The marine connection was dis-
rupted by tectonic movements one or
two million years ago. Thereafter a suc-
cession of lakesoccupied the valley. The



best documented, Lake Lisan, was larg-
er than the Dead Sea, much deeper (its
surface was only some 180 meters be-
low sea level) and less saline. Perhaps
10,000 years ago the valley and the
Dead Sea attained what is essentially
their present shape, but the level of the
lake continued to fluctuate slightly.
Allusions in the Bible suggest that the
water was quite low, leaving the south-
ern basin dry. The earliest map showing
the Dead Sea, a mosaic from A.D. 560,
shows only the northern basin. A fairly
reliable reconstruction of changes in
water level is possible from the begin-
ning of the 19th century, based on flood-
marks, the dating of driftwood or sub-
merged tree trunks and travelers’ re-
ports (telling, for example, whether or
not the Lisan ford 402 meters below
sea level could be traversed). Actual
measurements, recorded since the late
1920’s, show a high-water mark of 392
meters below sea level in 1930; since
then there has been a gradual decline.

he chemical character of the Dead
Sea brine evolved along with the
lake and its basin. The brine holds a
unique assemblage of salts. Compared
with brines having a marine origin, it is
enriched in calcium, magnesium, potas-
sium and bromine and is depleted in so-
dium, sulfate and carbonate. Such a
composition could not have evolved
from evaporating seawater, nor could
it result simply from the weathering of
continental rocks or the dissolution of
minerals formed earlier by evaporation.
The detailed steps in the evolution of the
Dead Sea brine are still in dispute, but
there must have been several sources.
Efforts to determine the age of the
brine lead to a similar conclusion. As
long ago as 1715 the English astrono-
mer Edmund Halley suggested that one
might compare the rate of influx of salts
with a chemical inventory of the salts in
the lake and its sediments, and so learn
how long it had taken for the brine to
accumulate (and thus, he proposed, es-
tablish the date of the Creation). In 1961
Yaacov K. Bentor of the Hebrew Uni-
versity did such a calculation with data
on the chemical load of the Jordan Riv-
er and of known saline springs and seep-
ages. He arrived at an age of some
12,000 years for the Dead Sea’s salt as-

JORDAN VALLEY AND DEAD SEA are
seen from an altitude of 570 kilometers in
this false-color Landsat image. The deep sa-
line water of the lake’s large northern basin
absorbs light rather than reflecting it, and so
it is black. The swampy flats of the smaller,
dried-up southern basin are dark green and
light blue; the diked evaporation ponds are var-
ious shades of blue. Vegetation is red and ur-
ban areas are blue gray. The satellite image
was acquired in December, 1978, about when
the Dead Sea’s waters were turning over.
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NATURAL DRAINAGE BASINS of the Dead Sea are shown in
yellow and orange. Most of the northern watershed’s supply has
been diverted for irrigation, reducing total inflow to the lake. The
lowered lake’s potential as a sink for the generation of electric power
could be realized by bringing water to it from the Mediterranean Sea
or the Gulf of Aqaba. Four proposed routes are shown; the one pass-
ing south of Beersheba is currently favored. The area below Mediter-
ranean Sea level is in light red. Broken lines indicate seasonal wadis.
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DEAD SEA’S TWO BASINS are very different, as is made clear by
this bathymetric chart. Depths are indicated in meters below mean
sea level. The lake as it was when the surface was 392 meters below
sea level, in the 1930’s, is shown in blue and green. By 1975 the shore-
line had receded to about the 400-meter contour; water from the
deep northern basin still crossed over the sill of the Lisan Straits into
the shallow southern basin. Now the surface is even lower and the
southern basin is largely dry except for the diked evaporation ponds.
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semblage. Such a result implies that the
salts in the lake are almost as young as
the lake itself, and hence that the entire
salt load of the Dead Sea’s precursor
lakes is sealed off under its sediments.

Closer examination reveals, howev-
er, that most of the salts are actually
brought into the lake not by the major
river system but by local springs and
seepages. Many of the latter sources
have a chemical composition very much
like that of the lake itself: they are recy-
cling the brine of the Dead Sea or that
of its precursors. The accumulation of
salts in the lake therefore results from a
lower rate of influx than Bentor calcu-
lated, maintained for a longer time. The
brine’s unique composition reflects its
derivation not only from the recent and
current inflow of the products of conti-
nental erosion but also from the recy-
cling of older deposits, including those
of the ancient marine lagoon. Such an
explanation is consistent with the Dead
Sea’s location at the deepest spot on the
earth’s terrestrial surface, from which
the flushing away of accumulated salts
is quite impossible.

Hypersaline water is not hospitable to
life, and the absence of higher life
forms long ago gave the Dead Sea
its name. (The less judgmental Hebrew
name i1s Yam Hamelach: the Salt Sea.) It
was only in 1936 that Benjamin Elazari-
Volcani of the Sieff Institute in Israel es-
tablished that the lake was inhabited by
microorganisms. He found several spe-
cies of bacteria and one species of alga.
The alga, the green Dunaliella, is ordi-
narily found in fresh water or seawater
but can adapt to a hypersaline environ-
ment by synthesizing large amounts of
viscous glycerol, which increases the os-
motic pressure inside the cell and thus
prevents the entry of salt.

Halotolerant bacteria, which are able
to live in water with a moderate salt
concentration, were found only at the
northern end of the lake where the fresh
Jordan water mixes with the lake water.
A number of truly haloresistant species
were more widely distributed. The most
abundant species, however, were found
to be aerobic, halo-obligate ones: bacte-
ria that require oxygen and that cannot
survive in media containing less than
150 grams of sodium chloride per kilo-
gram. The halobacterial cell contains
a very high concentration of potassi-
um, and the cell membrane has an ex-
traordinary specificity for potassium as
opposed to sodium. The bacterium can
therefore retain its potassium and so
maintain its integrity.

There is a strong correlation between
the physical and chemical properties
of the Dead Sea and the number and
types of microorganisms it harbors. One
study done when the lake was stratified
showed that the total number of bacte-
ria decreased by a factor of 100 at a

depth of 50 meters. No living algae at all
were found below 100 meters. In 1970
investigators counted 40,000 Dunaliella
cells per milliliter at the surface; below
50 meters they could find only anaero-
bic bacteria.

he commercially important miner-

als in the Dead Sea brine are potash,
or potassium chloride (KClI), which con-
stitutes 1 percent of the brine; common
salt, or sodium chloride (NacCl), 8 per-
cent; magnesium chloride (MgCly), 13
percent, and the bromide ion (Br-), .3
percent. The first practical steps toward
their extraction were taken in the 1930’s
by M. A. Novomeyski, a mining engi-
neer from Siberia who received a con-
cession for potash production from the
British mandate administration. Novo-
meyski's process of selective precipita-
tion is still the basis of production by the
Dead Sea Potash Works. Lake water is
transferred into a series of shallow evap-
oration pans, and each of the various
salts precipitates as its concentration
reaches the saturation point. Gypsum
(calcium sulfate) crystallizes first, fol-
lowed by sodium chloride. The mineral
carnallite (a hydrated potassium and
magnesium chloride) begins to crystal-
lize when the brine reaches a specific
gravity of 1.3 grams per cubic centime-
ter. To extract potash, whose major ap-
plication is as a fertilizer, a slurry of
carnallite is broken down into its com-
ponents and the potassium chloride is
further refined. A small fraction of the
remaining “end brine” is treated with
chlorine gas to extract bromine.

At first the evaporation ponds were on
the shore at the southern end of the lake,
but their total area was extended to
about 130 square kilometers in 1966 by
dikes built out into one half of the shal-
low southern basin. Changes in the lake
since the ponds were built have affect-
ed the operation. The increased salinity
shortens the time required for evapora-
tion, but it also means increased precipi-
tation of salt in conduits and pumps.
The lowered level of the lake means that
the brine has to be pumped from farther
away and raised a greater distance.

In 1902 Theodor Herzl, the visionary
of the Zionist enterprise in Palestine,
suggested in his book Alteuland that it
should be possible to take advantage of
the 400-meter difference between the
level of the Mediterranean Sea and that
of the Dead Sea to generate hydroelec-
tric power. A broad Jordan Valley plan
put forward 40 years ago by the Ameri-
can conservationist Walter C. Lowder-
milk included a proposal to divert Jor-
dan water for irrigation and build a ca-
nal from the Mediterranean to compen-
sate for the loss of inflow to the Dead
Sea and produce 100 megawatts of elec-
tric power. Now the Jordan has indeed
been largely diverted (and the Yarmuk
as well). The resulting lowering of the
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Dead Sea’s level makes the hydroelec-
tric scheme particularly attractive now.
It makes possible a large throughput of
water without any flooding of tourist
and industrial sites along Israel’s Dead
Sea shores, at least until the lake has
been refilled to its pre-1960’s level.

In 1977 a planning group appointed
by the Israeli Government considered
four alternative routes: one from the
Gulf of Aqaba to the south and three
from the Mediterranean. The northern-
most route (the one envisaged in the
Lowdermilk plan) would put a canal
through the Valley of Jezreel from near
Haifa to just south of Lake Kinneret,
flooding the lower Jordan Valley; in ef-
fect it would copy the ancient natural
connection between the sea and the Rift
Valley. This route would be expensive
and would have a major environmental
impact, in particular on important aqui-
fers: permeable strata that are sources
of fresh water. The other three routes
would require substantial tunneling.
The study group favored the southern-
most route from the Mediterranean. It is
not the shortest one, but it avoids the
country’s major aquifers and has the po-
tential of promoting development in the
northern Negev.

he plan calls for refilling the lake
to a typical level of the 1930’s, 393
meters below the Mediterranean, over
a period of from 10 to 20 years. An in-
flow of about 1.6 cubic kilometers of
water per year could be accommodated,
which would generate up to about 800
million kilowatt-hours of electricity per
year, saving some 275,000 metric tons
of liquid fuel. Storage reservoirs would
be built on the steep escarpment at Mas-
sada, some 300 meters above the lake so
that the generation of electricity could
be regulated to meet peak demand.
Once the Dead Sea has been refilled
the rate of inflow will have to be modu-
lated to the mean water-balance deficit.
Even if the remaining flow of the Jordan
and local flood flows are completely di-
verted to irrigation, the mean rate of
inflow of Mediterranean seawater that
will balance evaporation is estimated to
be only some two-thirds as much as the
rate of inflow during the filling stage, so
that the hydroelectric system would in-
evitably become less profitable than it
had been during the first 10 to 20 years.
The permissible rate of inflow can be
improved to the extent that the rate of
evaporation from the lake’s surface can
be increased. The seawater’s vapor pres-
sure will be higher than that of the more
saline Dead Sea brine, and so it will be
helpful to avoid mixing the seawater
deeply with the lake water, thus main-
taining a sharply stratified layer of sea-
water mixed with some brine on top of
the denser lake water.
The layering effect is also central to a
novel “solar pond” scheme for energy
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UNIQUE CHEMICAL COMPOSITION of
the Dead Sea is compared with that of other
bodies of water. The overall salinity of each
is given in grams per kilogram. The pie charts
show the percentage (on a weight basis) that
is accounted for by each positively charged

BROMIDE

BICARBONATE

SULFATE ion (cations) and negatively charged ion (an-
ions). It is clear that the Dead Sea’s salt as-
CHLORIDE semblage could not have been derived sim-

ply from either ocean or Jordan River water.
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production. If a thin layer of relatively
fresh water is maintained over a briny
pond, the sun heats the brine, whose
density prevents it from rising and los-
ing its heat to the atmosphere. The heat
can be extracted by a heat exchanger
that generates steam, and the steam
powers a generator. In small-scale ex-
perimental solar ponds built near the
Dead Sea, temperatures as high as 110
degrees C. (less than the boiling point
of the brine) have been achieved. The
mean electricity output of such a solar
collector could be as much as five mega-
watts per square kilometer of Dead Sea
area. Many physical and technological
problems of floating the pools on the
surface of the Dead Sea remain unre-
solved, however, and so the feasibility
of the scheme is still not established.

Aly lake in a climate such as the Dead
Sea’s undergoes a seasonal cycle. In
the case of a freshwater lake, the sun
heats the surface water in the summer,
decreasing its density, while the deeper
water remains cooler and denser. A sta-
bilizing density gradient is established
based on the temperature difference. A
thermocline, a boundary region where
the gradient is steep, isolates the largely
undisturbed deep water from the top 10
meters or so that are warmed by the sun
and stirred by the wind. Total circula-
tion, with mixture of the surface water
and deep water, is reestablished when
the surface water cools enough in the
autumn or winter. In the Dead Sea sa-
linity as well as temperature affects the
density of the water. A complex pattern
of stratification ensues that can change
but does not go through a simple repeti-
tive annual cycle.

Variations in salinity arise from dilu-
tion of the brine by freshwater inflow or
enrichment of the brine through evapo-
ration. Theoretically the changes in den-
sity caused by such fluctuations in salini-
ty could be compensated for by temper-
ature changes in the right direction. For
example, an increase of 20 degrees C. in
temperature, if it were balanced by an
increase of 9.2 grams per kilogram in
salinity, would leave the density un-
changed. In actuality, however, in this
century the Dead Sea’s surface salinity
has varied by as much as 40 or 50 grams
per kilogram, and there was even great-
er variation in the past. The large chang-
es in salinity resulting from excesses of
freshwater inflow over evaporation, or
from the opposite condition, cannot be
compensated for by the annual temper-
ature cycle of from about 18 degrees C.
in the winter to 35 degrees in the sum-
mer. The water-temperature change is
usually not of sufficient magnitude to
balance the change in salinity, nor are
the two kinds of change likely to be pre-
cisely in phase.

The result is that the structure of the
Dead Sea’s water column and its season-
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EVOLUTION OF WATER COLUMN (/eft) and the density, salini-
ty and temperature profiles that influenced it are traced from 1960
to 1980. In 1960, as for many years before, a large density difference
(caused by a large change in salinity) separated the variable upper
layers from the deep fossil waters. The density and salinity profiles
are almost congruent on the scale chosen here (a scale at which the
low surface values go off the chart). By 1976 the interface between
the surface and the fossil waters had descended. The upper layers’
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salinity and density had increased, but in the summer the surface den-
sity was decreased by warming. These trends continued in 1977, but
there was a new reverse salinity gradient in the summer. In 1978 the
salinity was uniform throughout the column; a small temperature dif-
ference (arrow) maintained the stability of the fossil water body. In
1979, after the overturn, the fossil water body had been dissipated and
the entire column was more saline and somewhat warmer. In 1980,
after a rainy winter, there was a new but shallow salinity gradient.
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al and long-term evolution are very dif-
ferent from those of a freshwater lake
and also (because the Dead Sea is so
deep) from those of most saline and hy-
persaline lakes. The first hydrographic
measurements, made in 1864, showed
that the Dead Sea’s water column was
stratified by virtue of a salinity gradi-
ent. This was confirmed by measure-
ments made in 1919; it appeared to be a
long-term characteristic. David Neev
of the Geological Survey of Israel and
Kenneth O. Emery of the Woods Hole
Oceanographic Institution studied the
stratification in 1959 and 1960. They re-
ported a density of between 1.20 and
1.21 grams per cubic centimeter (corre-
sponding to a mean salinity of about 250
grams per kilogram) in the upper layers
of the lake. A salinity gradient—a sharp-
ly defined difference in salinity of 25
grams per kilogram at a depth of from
35to 40 meters and a more gradual tran-
sition zone going down to 80 meters—
separated these upper, seasonally vari-
able layers from the deeper water. With-
in the upper layers there were sharp dif-

a0 —

ferences in temperature and salinity that
varied with the season.

Below 80 meters the water was essen-
tially homogeneous, with a temperature
of 21.3 degrees C. and a salinity of 276
grams per kilogram. That was a higher
salinity than had been reported for any
surface water in either basin. Moreover,
a strong odor of hydrogen sulfide ema-
nated from deep-water samples, sug-
gesting that the water contained no dis-
solved oxygen and harbored anaerobic
bacteria deriving their energy from the
reduction of sulfates. The lack of oxy-
gen was confirmed by the fact that iron
appeared in the reduced, bivalent state.
It appeared that the homogeneous water
below 80 meters constituted a body of
fossil water that had remained undis-
turbed for a long time, isolated by the
density gradient from any contact with
the upper layers and the atmosphere.

he fossil water body was finally to
dissipate during the winter of 1978-
79 by mixing with the overlying layers.
The dramatic overturn and the events
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TEMPERATURE, SALINITY AND DENSITY of water at various depths are shown at four
stages before and after the lake’s overturn. The chart is a temperature-salinity diagram. A
given temperature and salinity combine to yield a particular density. The diagonals are isopyc-
nic curves: curves of equal density (in grams per cubic centimeter). The short profile of Jan-
uary, 1978, shows conditions were not very different at the surface from what-they were at
depth. By August the surface water had become more saline than the deep water, but it was
warmer and so it remained less dense. In February, 1979, during the overturn, temperature and
salinity were about the same throughout the water column, so that the entire profile is contract-
ed to a single point. In August, 1980, a large inflow of less saline waters had temporarily re-
established a density gradient, and there was a shallow, sharp pycnocline, or density boundary.
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leading up to it were documented by hy-
drographic surveys carried out since
1975 by our group at the Weizmann In-
stitute of Science in Israel. From the be-
ginning of the survey it was clear that
the salinity of the surface layers had in-
creased significantly: the difference in
salinity between the surface water and
the deep water had diminished from
about 25 grams per kilogram in 1959 to
only two grams per kilogram in 1975;
the stability of the water column was
diminished accordingly. The water col-
umn was becoming more homogeneous
as the mean salinity of the younger, up-
per layers approached that of the deep
fossil water. The interface between the
younger and the fossil waters was suc-
cessively lowered. From a depth of be-
tween 60 and 80 meters in 1960 it de-
scended to between 80 and 100 meters in
1975 and to 200 meters in the fall of
1978. The fossil water body was being
eroded, but what remained of it stayed
essentially unchanged.

By the summer of 1978 the upper lay-
ers had actually become saltier than the
deep water. Yet stratification was main-
tained, now by virtue of a temperature
gradient. The surface water was warm-
er, and therefore continued for a time to
be just a little less dense, than the bot-
tom water. During the next winter the
nonfossil water cooled somewhat, and
that was enough to bring about the final
mixing. When the overturn took place,
the surface water was more saline, and
still somewhat warmer, than the fossil
water. As a result the homogenized wa-
ter column was half a degree warmer at
the time of the overturn than the fossil
water mass had been, and also .4 gram
per kilogram saltier.

How long had the long-term stratifi-
cation persisted before the overturn?
How old, in other words, was the fossil
water body? Marianna Stiller of the
Weizmann Institute and Y. C. Chung of
the Scripps Institution of Oceanography
determined the age of two radioactive
isotopes recovered in 1978 from below
the deepened interface: radium 226 and
carbon 14. They assumed that both iso-
topes had been introduced into the sur-
face layers and had been mixed through
the water column before its stratifica-
tion. (Radium 226 originates primarily
in warm saline springs along the Dead
Sea’s shores; carbon 14, which is present
in trace amounts in atmospheric carbon
dioxide, becomes dissolved in surface
water that is in contact with the air.)
Once the deeper water was disconnected
from the surface the supply of the two
isotopes could not have been replen-
ished. The isotopes were subject to ra-
dioactive decay, with a half-life of 1,260
years for the radium and of 5,600 years
for the carbon. Measurements of the ex-
tent to which they had actually decayed
indicated that the water below 180 me-
ters had begun to be isolated about 300



years ago, toward the end of the “little
ice age” in the 18th century.

The calculations that are described
above were based on the assumption
that the deep fossil water constituted
an absolutely closed system. In reali-
ty no such system can be completely
closed; there is always some exchange
by diffusion even across a pycnocline,
or density boundary. To what extent,
then, was the deep water truly isolated
during the long-term stratification?

In 1967 Abraham Lerman of the Weiz-
mann Institute calculated the rate of
mixing across the pycnocline that could
be expected simply on the basis of the
random Brownian motion of molecules.
He concluded that mixing by molecular
diffusion would be a very slow process
and would take thousands of years. Ac-
tually the picture is not quite so simple.
There is seepage and there are springs at
the bottom of the lake. On occasion a
plume of dense surface brine from the
southern basin may plunge deep into the
northern basin. Temperature profiles in
the deep-water mass and transition zone
allow one to estimate the amount of in-
flux of hot (and perhaps saline) water
into the deep-water mass. In effect, then,
the system is not truly sealed off. By
measuring short-lived radioactive trac-
ers such as tritium (which is introduced
from the atmosphere) one can, however,
calculate an upper limit to the rate of
renewal of the fossil waters. It must be a
slow process indeed, on a time scale of
at least 1,000 years.

Even in the years immediately pre-
ceding the overturn (when the stability
of stratification had decreased, increas-
ing the chance that parcels of surface
water would invade the deep-water
mass), temperature and tritium meas-
urements indicate that less than 2 per-
cent of the fossil water was being re-
newed per year. It was only the final
overturn in the winter of 1978-79 that
brought water down from the surface to
mix with the fossil water body.

What combination of conditions can
bring about an overturn in Dead Sea
waters? The essential requirement is un-
doubtedly a decrease in the water col-
umn’s stability due to an increase in sur-
face-water salinity resulting from a de-
cline in the water level. For all this
to happen conditions throughout the
younger, upper layers have to be such
that vertical mixing can take place.
Such conditions evidently do not exist
in the Dead Sea in the summer, when
the surface layers are warmed, estab-
lishing a thermally controlled pycno-
cline. Moreover, in the winter or spring
an influx of fresh water may dilute the
surface brine and establish a pycno-
cline based on a salinity gradient. It is
generally in the fall or early winter that
a pycnocline near the surface is deep-
ened by cooling of the surface layers;
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MIXING OF FOSSIL WATER with surface water during the overturn is documented by ver-
tical profiles of temperature and of the concentration of three chemical components. Measure-
ments were made in January—February, 1978, one year before the overturn (black), and the next
February, during the overturn (color). Broken lines indicate estimated data. The preoverturn
profiles show a significant difference between the younger waters and. the deep fossil water;
such differences are no longer evident after the overturn. The long isolation of the fossil water
body gave it characteristic chemical and radiochemical properties: the low values for radioac-
tive tritium and radium and the presence of bivalent iron, which indicates a lack of oxygen.

the depth to which mixing takes place
depends on the current state of the water
column. Often one then encounters a
hierarchy of layers of increasing age,
ranging from very young water at the
top to the fossil layer at the bottom.

It is only after a succession of dry sea-
sons that the surface layers become salty
enough (and thus dense enough) for the
autumn mixing to reach all the way to
the transition layer delineating the fossil
water body and on to the bottom of the
lake, and so bring about an overturn. A
particularly rainy season may, on the
other hand, cause a pycnocline to persist
at a shallow depth for several years. Af-
ter the wet season of 1979-80, for exam-
ple, the water column (which had been
homogenized during the overturn) was
stratified again for three years, until the
end of 1982. The three-year period was
not, however, long enough to reestablish
the “fossil” nature of the deep waters.

Have there been overturns in the past?
In searching for a record of such events
one might start with the fact that a peri-
od of relatively low water (and conse-
quent high average salinity) is a neces-
sary condition for overturn (although
perhaps not a sufficient condition, since
overturn can still be avoided by occa-
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sional flooding). During the recent over-
turn high salinity resulted in the precipi-
tation of halite, the mineral form of so-
dium chloride, from the Dead Sea brine.
Any previous overturn may have been
accompanied by a similar precipitation
event, which should be recorded by the
presence of halite crystals in the Dead
Sea’s sediments. A careful search for
layers of precipitated halite in the sedi-
mentary column might yield evidence
for dry periods that may have been asso-
ciated with previous overturns in the
long history of the Dead Sea.

A one might expect, the changes in
salinity we have been recounting
had a major impact on the Dead Sea’s
biota. In 1979, after years of low water
and increasing salt concentration had
led to the overturn, the lake seemed to
be sterilized. Then came the rainy win-
ter of 1979-80. The number of microor-
ganisms increased dramatically, with
up to 19 million cells per milliliter at
the surface. The bloom of microorgan-
isms changed the optical properties of
the surface water. The lake changed
from blue green to reddish blue, giving
visual evidence that the Dead Sea is not
quite dead.

109



. The world’s densest computer
is now the heart of the world’s most
32-bit computer.

Our 32-bit CPU.

From time to time, miracles of
technology come along to make
previously impossible tasks not only
possible, but easy. That tiny 450,000-
transistor integrated circuit is one of
those technological miracles.
Hewlett-Packard didn’t develop it
just to break the record for most tran-
sistors on a chip, but to put on an
engineer’s or scientist’s desk a com-
puter so powerful that it can do the
work of mainframes costing four
times as much.

32-bit computers for
32-bit applications.

The new HP 9000 computer based on
this and four other ‘superchips’ can
handle formidable engineering and
scientific problems. The scientist solv-
ing complex systems of equations, the
mechanical engineer doing finite ele-
ment analysis or three-dimensional
modeling, the electrical engineer ana-
lyzing complex circuits or designing
very large-scale integrated circuits —
these are the kinds of technical people
and problems the HP 9000 family is
designed for.

It comes in three versions. The inte-
grated workstation is complete with
keyboard, color or monochromatic
graphics display, fixed and flexible
disc drives, and printer. For systems
manufacturers, there’s a rack-mount-
able box. And for a variety of single-
user and multi-user applications, the
minicabinet version works
with many differ-

\ .

As a minicabinet, it can handle multiple users

A rack-mountable version is available, too.

C is transportable to the HP 9000.
HP will also be offering proprietary
software packages emphasizing com-
puter-aided design and engineering.
These will tie the HP 9000 into HP’s
Manufacturer’s Productivity Net-
work (MPN). Third-party software
suppliers will be providing many of
the most widely used CAE packages
for 32-bit computer systems. And
both HP 9000 operating

ent displays and ” peripherals.
All are true 32-  bit computers,
with 32-bit CPUs, memories,and data
paths. And the multi-CPU architec-
ture lets you nearly double or triple
your processing power at any time by
adding one or two CPU boards. With-
out increasing the computer’s size.

'Two operating
systems are better than one.

The integrated workstation is avail-
able with a choice of operating sys-
tems. One is HP’s highly evolved,
high-performance Enhanced BASIC,
augmented with 3-D graphics and a
software innovation called a run-time
compiler. This substantially increases
program execution speed, while re-
taining an interactive development
environment.

The other operating system, called
HP-UX, is a fully supported, extended
version of the popular UNIX? HP-UX,
available on all HP 9000s, adds vir-
tual memory, graphics, data base
management, data communications,
and enhanced file capability to the
basic UNIX ‘shell. High-level pro-
gramming languages available
with HP-UX are FORTRAN 77,
Pascal and C.

Software, and plenty of it.

Much of the vast range of existing
software written in HP BASIC,

FORTRAN 77, Pascal any'

The 32-bit CPU
chip is bonded to the
finstrate which doubles as a
signal carrier and heat sink.

Up to three CPU boards and three
Input/Output Processors canfitinto a sin-
gle HP 9000.

ICG-207
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chip
affordable

systems offer extensive program de-
velopment tools.

You also get a choice of communi-
cation tools. The HP 9000 is currently
compatible with Ethernet;’ and with
HP’s Shared Resource Manager
(SRM) which lets clusters of HP 9000
and 16-bit desktop computers share
data and use common peripherals.

Links to central computers

are also available. And in late 1983,
HP will offer local area networks
based on the IEEE-802 standard.

New technology
from the silicon up.
The five superchips that make the HP
9000 possible are the 32-bit CPU,
which can execute a million instruc-
tions per second; an eight-channel

Input/Output processor (IOP); a ran-

dom-access memory chip
capable of storing 128K
bits of data; a memory
controller that ‘heals’ up
to 32 bad memory loca-
tions; and an 18-mega-
hertz clock.
Hewlett-Packard’s
advanced NMOS-III
process makes it pos-
sible to put 450,000
transistors on a chip
only 0.4 centimeters
square. This tremen-
dous density of elec-
tronic components
could have required an
expensive and elabo-
rate cooling system.

Instead, HP engineers developed a
new mounting structure called a fin-
strate, a copper-cored circuit board,
which acts as both cooling fin and
substrate. The finstrates containing
the CPU,IOP, memory, and clock chips
are housed in a lunchpail-sized module.

One user, one mainframe.

Clearly the trend in engineering and
scientific computation is away from
large machines shared by multiple
users and towards networks of pow-
erful personal workstations, sharing
peripherals and data bases. The
reason is compelling. An engineer or
scientist in personal control of an HP
9000 can solve so many more prob-
lems more easily that the increased
productivity alone makes the cost of
individual computers easy to justify.

For complete information about
this powerful breakthrough in 32-bit
computing, contact the local HP sales
office listed in your telephone direc-
tory. Ask a Technical Computer
Specialist for a demonstration. Or
write to Pete Hamilton, Dept. 41151,
Hewlett-Packard, 3404 East Har-
mony Road, Fort Collins, CO 80525.

Full-color or monochromatic display. 3-D
graphics are available.

Eight soft keys play animportantrolein the
menu-driven operation.

Built-in thermal printer produces graphics

and alphanumeric hard copy.

Flexible disc drive.
Optional 10-Mbyte Winchester disc.

HEWLETT
PACKARD

(

UNIX is a trademark of Bell Laboratories. Ethernet is a trademark of Xerox Corporation.
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This dllustration of an optical fibre cable. was created for Northern Telecom’ Optical Systems Division by Acorn Technical Art Studio Inc., Toronto. Northern
Telecom’s unique star-shaped optical fibre cable is popular with telephone companies and specialized common carriers and 1s in operation throughout major tele-
communications networks in Canada, the United States and the Caribbean.

CANADIAN TELECOMMUNICATIONS

Nearly 80% of Canada’s 25 million people
are spread along a narrow but very long
corridor (6,400 km) just north of the U.S.
border, with the remaining 20% thinly
spread all the way to the Arctic Ocean.
According to R.D. Sloane, President of
TransCanada Telephone System (TCTS):
“The highly sophisticated [communica-
tions] network that serves Canadians today
was historically a response to the stimulus
and imperatives of geography. Canadians
have always felt the need to talk frequently
to one another, to overcome distance and
to avoid the consequences of personal and
regional isolation.”

In what Sloane calls “a unique blend of
monopoly and competition,” ten major tele-
phone companies provide 94% of Canada’s

telephone service and together form the
umbrella organization, TCTS. Six of these
companies are investor-owned, three are
operated by provincial governments, and
the tenth, Telesat Canada, which provides
domestic satellite services, is a federal
Crown Corporation.

Itisthusnotsurprisingthatthereisfederal
participation in most of the major technolo-
gical development being mounted by the
Canadian telecommunications industry.

There are currently three major thrusts of
development in Canadiancommunications
technology:

(1) The creation of an all-digital commu-
nications network across Canadaadapted to
the simultaneous transmission of voice,
data, and other communications services
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(an “Integrated Services Data Network,” or
ISDN).

(2) Continuing development of satellite
communications, following Canada’s estab-
lishmentin 1972 of the world’s first domestic
satellite communications system.

(3) Pioneering of optical fibre transmis-
sion media for land-line voice and data
transmission.

The move to integrated digital networks

The Canadian telecommunications indus-
try, as stated by Sloane, is divided into areas
of monopoly and open competition. Its two
major intra-Canadian operating compo-
nents are TCTS and CNCP Telecommuni-
cations. TCTS is responsible for the nation’s



We built our reputation
from the ground up

Designing and operating a reliable satellite system for one of the
world's largest countries presents many unique challenges.
Telesat Canada has met every challenge with innovation and has
been involved in the design of a variety of systems:
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Our reputation for technical excellence coupled with operating
experience in these services has spread beyond the borders

of Canada. Today, international consulting is a growing and
important part of our business. Consulting services are offered in
system design and program management in the following areas:
* satellite systems

* earth stations

¢ communications networks

* satellite control systems

* operations and training

In space or on the ground, our commitment to excellence
and innovation has earned us international recognition as the
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long distance telephone network, and its
members provide most of the public local
telephone service in Canada. CNCP
Telecommunications, which began as a
consortium of the two major railroads in
Canada, is responsible for the provision of
public telegram service. Teleglobe Canada,
a federal Crown Corporation, provides
international telecommunication services,
except for Canada-USA traffic, which flows
over an integrated North American net-
work.

Beyond these basic monopolies, strong
competition exists for the carriage of radio
and television signals and data and compu-
ter communications.

The potential for enhanced speed and
reliability of digital transmission has long
intrigued Canada’s communications plan-
ners. Digital data transmission for inter-
office applications was made available in
1965, via pulse code modulation (PCM) of
analog signals. By 1975, North America’s
longest (700 km) high capacity broadband
digital transmission system using 12 coaxial
copper tubes, was in place between
Montreal, Ottawa, and Toronto. Thiswasthe
precursor of “The Dataroute,” a transconti-
nental broadband data highway with links to
the USA at major border crossing points.
This year, an advanced digital radio system
was completed across the country (6400
km) by TCTS, using ten working and two
standby radio channels providing 1344
voice-equivalent channels operating at 90
megabits per second.

The availability of digital transmission
has made possible the goal of integrating
voice, data, and other communications
services. Says Robert Haughton, Director
International of TCTS, “Integration has two
components: one applicable to the fusion of
digital transmission and digital switching
into a single . . . system dedicated to a par-
tcular service such as telephone or data -
referred to as the Integrated Digital Net-
work (IDN) —and the otherfocussingonthe
provision of different services over a single
digital channel - the Integrated Services
Digital Network (ISDN).

“Progress towards all-digital long
distance networks is expected to be rela-
tively rapid: within the next decade about
one half the nation’s long distance circuits
should be digital . .. and by the end of the

C3

century perhaps 90% or better”

The ISDN concept, in which a single
channel canbeusedto carryvariousservices
(such as video, telephony, and data trans-
mission) over the same loop, is now being
intensively investigated by the Canadian
industry. One key to the requirement for
broadening bandwidth and decreasing
signalattenuation,inherentinISDNservice,
is the introduction of fibre optic cable, first
in transmission trunks, and then into the
customer loop.

Fibre optics: key to the communications
of tomorrow

Fibre optic systems are defined by Terence
Heenan of AEL Microtel Ltd. as “a combi-
nation of hair-thin glass fibres and electro-
nics with the capability of carrying over
4,000 voice circuits per glass fibre pair ... the
state of the art method for transmitting
sound, video, and data simultaneously by
using high speed streams of laser generated
light pulses over glass fibres.”

Initial experiments in the use of optical
fibres, carrying signals in the form of light
pulses through transparent fibres, were
carried out by Bell Telephone starting in
1976. The first major field trial is being
carried out in a rural area, surrounding the
village of Elie, Manitoba.

Meyer Akgun of the federal Department
of Communications makes the point that:
“People living in rural areas have actually a
greater need for communications to satisfy
their information needs compared to urban
dwellers who have easier access to such
services. In recognition of this situation, the
... Government of Canada initiated a rural
communications study program. Among
many approaches. .. the application of fibre
optics technology to an integrated services
subscriber access network proved to be one
of the most promising.”

While the trial was completed this March
after 18 months of operation, its perform-
ance was so satisfactory thatitwas decided to
continue the operation as a test-bed for
future technology and service trials.

In 1980, the Saskatchewan Telephone
Co. began to install a 3,400 km fibre optics
broad band network Jinking the province’s
major population centres. Now completed,
it is the world’s longest commercial fibre
optics network, providing full voiceand data
services, as well as cable television signals to
52 communities.

At Regina, the provincial capital,
Northern Telecom has built a $14 million
fibre optics manufacturing facility occupy-
ing 91,000 square feet. The company sold
$37 million worth of fibre optictransmission
systems in 1982, and this year announced its
first contract for single-mode optic fibres.
Single-mode fibre offers three to five imes
the number of communications channels
as multi-mode fibres.
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Satellites: bringing people and continents
together

Canada, with her problems of a population
thinly scattered over a vast area, saw early
the advantages of satellite relaying of
communications. Telesat Canada, the
federal Crown Corporation, was founded
in 1969. In 1972, the launch of the Anik A
satellite established the world’s first geosta-
tionary space satellite in domestic commu-
nications service.

R.M. Lester of Telesat explains the inhe-
rentsimplicity and effectiveness of the satel-
lite system for distribution of broadcast
signals this way:

“To reach an unlimited number of televi-
sion receivers scattered randomly through-
out a service area, requires the use of only
one satellite earth station transmitting to a
satellite in-orbit. This in turn transmits the
signal back to earth where it can be received
over an area which may be regional or
country-wide in scope. Satellite television
transmissions have utilized FM techniques
where the broadband satellite channels
have had sufficient power to support excel-
lent picture quality while requiring only
modestly sized receive antennas ranging
from 1.2-4.5 metres in diameter”

The Telesat reliability factor is better than
99%, providing such service as global TV
relay with local-area distribution, telephone
service, computer data transfer, teletype,
and facsimile. Canada now has over 100
earth stations in operation and more
communications satellites than any other
country except the USA and the USSR.

The development of Canadian satellite
technology has given several Canadian
firms an entry into a significantand growing
world market. Spar Aerospace Ltd., for
instance, employs 2,000 people, and did
$178 million worth of business last year in
the aerospace, communications, and mili-
tarymarkets. Thecompanyreceivedworld-
wide attenton for its provision of the
“Canadarm,”’the manipulator system for the
US space shuttle program, which will playan
important role in future in the orbiting,
retrieval, and repair of space satellites. Last
year, the company signed its largest contract
yet for $125 million with the Brazilian state
company Embratel for two satellites of the
Anik “D” type, which can each carry 16,000
two-way voice channels or 24 TV channels.
This will be the first domestic communica-
tions satellite system in Latin America.

AEL Microtel Ltd.,a subsidiary of British
Columbia Telephone Co., has just sold its
“Spacetel” system to Manitoba Telephone.
The central control system in Winnipeg will
connect remote Indian settlements in the
sub-arctic north of the province to the North
American network, via light-weight termi-
nals. As described by Microtel president
Terence Heenan, Spacetel is: “A thin-route
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14/12 GHz single channel per carrier
(SCPC) system, configured as a star
network to extend subscriber services avail-
able ata centralsite to any location within the
appropriate satellite footprint. High quality
voice transmission is provided using 32
kilobit per second digital encoding and
quaternary phase shift keyed modulation”
In application, subscribers in the isolated
area are assigned a metropolitan exchange
number, receive dial tone from that centre,
and gain access to all telephone services
available, as well as broadcast services.

Telephony for the third world

The emphasis on improvement of rural
services, and for adapting high-technology
equipment to low-technology environ-
ments, is a major basis for the increasing
trade in communications hardware and
software between Canada and the Third
World.

Bell Canada’s assistant vice president
(Engineering), R.C. Terrault, describes his
company’s recently completed Non-Urban
Service Improvement program (NUSI) this
way:

“Prior to the program, many of Bell’srural
subscribers shared their telephone lines
with up to seven or eight other customers;
450,000, or nine per cent of all main tele-
phones, were located outside urban areas,
and of those, 250,000 were in multi-party
service . . . The program meant that urban
areas were extended to provide urban
service to expanding concentrations of
customers, and locality rate areas for islands
of denser population were established
wherever needed; the introduction of
DMS-1 digital multiplexers and rearrange-
ment of telephone facilities was required
throughout Bell territory to provide all
customers with access to four party lines,
and, in many cases, with individual or two-
party lines. Atthe conclusion of the program
in 1981 the number of multi-party line
services totalled approximately 200,000
and the number of subscribers per line
was reduced to an average of 2.5 from 4.6.”

Such a program is evidence of the »rong
sense of social responsibility which hasbeen
atradition of the Canadian telephone indus-
try. (It may be remembered that Alexander
Graham Bell’s invention of the telephone
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originated from his work in trying to alle-
viate the problems of deafness.) J.S.
McNeice of Bell Canada gives this short
list of recent “action taken” on telecommu-
nications problems of the handicapped:

“* Centres for Special Needs were estab-
lished in two major Canadian cities with staff
specially trained in the communications
needs of the disabled.

* A standardized portable keyboard
device was developed for use by the deaf,
with a special Assistance Centre for dealing
with calls from keyboard users.

* A smallvoice synthesizer wasproduced
to convert visual display material to audio
output,in order to facilitate the employment
of blind operators.

* A “handsfree” telephone was devel-
oped to dial the operator through the use of
switches designed for paraplegics”

Global business pushes toward office
automation

The Canadian communications industry, of
course, did not grow and thrive on social
responsibility alone. The message for busi-
ness is well expressed by A.J. de Grandpre,
Chairman, President and Chief Executive
Officer of Bell Canada Enterprises, Inc.:

“It is the senior executive in business
organizations today on whom the micro-
electronic era may well have the greatest
impact - not the secretary, the clerk or the
factory worker. While these workers have
to learn new techniques, new Information
Age technology is forcing on executives
an entirely new way of thinking and new
ways of doing business.”

With the increasing density of business
information available, Oscar Stubits of
CNCP Telecommunications reports, “there
is an increasing demand for new services.
This demand s, to a large degree, based on
the need to provide the already large
installed and rapidly increasing base of
‘dumb’ and intelligent terminals with the
capacity to communicate between them.
Most recently, we introduced Teletax, elec-
tronic mail, and an asynchronous commu-
nications service for word processors.”

The demand for new services means a
correlative demand for new products. Mitel
Corp. is a ten year old company that has
made an outstanding success in developing
PBX exchanges for business, to which it is
now adding work stations and advanced
businesstelephonescalled“Supersets” The
company has grown from two to 5,000
employees, with $250 million in annual
sales and manufacturing plants in the USA,
Mexico, Ireland, the United Kingdom, and
West Germany.

One of Mitel's design emphases is to
configure its systems for compatibility with
the major existing data processing systems.

Mitel’s vice-president, marketing, James
Mackie, warns, however, of the dangers

Ad Lt
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of misapplication of office technology. He
quotes the aphorism “Yes, I know office
technology is the answer - but what is the
question?” Frequently, he believes, man-
agementmakestherightdecisions on office
automation for the wrong reasons. Thus,
video conferencing willbring greatbenefits
to far-flung corporations - but it won’
obviate the need for personal travel, any
more than the telephone has eliminated the
importance of personal contact in business.

Cellular radio systems being developed

One new development of communications
technology which has immense potential
for both business and private use is the de-
velopment of “cellular” systems for mobile
telephony. While telephone companies in
some countries see this as a possible in-
fringement of their communications juris-
diction (as earlier Citizens’ Band communi-
cations were also sometimes regarded),
Canadian telephone systems are in the
forefront of developing “cellular” radio
links.

Novalel’s Dr. Aremus Slekys describes
the “Aurora) an “AUtomatic ROaming
RAdio” system developed by NovaTel:

“Aurora is a medium to high capacity
cellular mobile telephone system . .. devel-
oped to satisfy the widely varying needs of
both publicand private usersinthe Province
of Alberta — one of the largest users of
mobilesin North America, with30,000units
in service in 1983.

“The system is designed to interface
directly with the nearest telephone ex-
change thus eliminating the need for an
overlay network, dedicated central switches
and extensive trunking. Computer control
of the overall system forms a heirarchy
beginning with the Master Mobile Centre
followed by Regional and Local Mobile
Centres. Aurora has the flexibility to be
compatible with numerous signalling
protocols, national or international stan-
dards, and can be implemented economi-
cally over awide range of frequency bands.”

Playing a role in a worldwide revolution

Telecom 83, a world showcase on tele-
communications technology, will be taking
place at Geneva, Switzerland from Oct. 26
to Nov. 1. The meeting represents one of
the key focal points to “World Commu-
nications Year” as designated by the
United Nations.

Telecom 83 is the fourth in a series of
quadrennial World Telecommunications
Exhibitions organized by the International
Telecommunication Union (ITU), a UN
agency representing 146 countries. The
meeting is expected to be the largest so far,
with 650 exhibitors from 40 countries. The
exhibition is accompanied by a prestigious
World Telecommunications Forum, with
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nearly 200 carefully selected original papers
presented in sessions devoted to the tech-
nology, economics, and legal aspects of
telecommunications.

While the USA boasts the largest single

national pavilion, with 80 exhibitors
crowding 64,000 square feet of floor space,
its northern neighbour, Canada, is taking an
impressively major part in both the exhibits
and technical proceedings.

Canada’s Federal Department of Ex-
ternal Affairs is coordinating a national
pavilion of 15,000 square feet, in which 17
manufacturers are participating. Four large
companies, Bell Canada, Northern Tele-
com, Teleglobe Canada, and Mitel, also
have their own exhibit space, aggregating
almost as much area again.

In the technical Forum, Canada’s contri-
bution is also disproportionate to its size in
terms of population. Canadian communica-
tions organizations submitted 20 abstracts of
proposed papers, of which seven were
accepted for presentation, and another six
for publication in the printed Proceedings of
the Forum. R.D. Sloane, President of Trans-
Canada Telephone Systems and AlJ. de
Grandpre, Chairman, President, C.E.O. of
Bell Enterprises Inc,, were chosen as world
telecommunications leaders to make official
opening presentations. RN.E. Haughton,
Director, International of TCTS, waschosen
to chair the Mobile Communications
session.

The Papers Committee reported that
Canada is presenting eight per cent of the
total Forum papers,and has the highestratio
of submissions accepted for presentation:
35%, vs 29% for Germany and Japan and
214% for the USA. (All papers are
presented in simultaneous translation in
English, French, and Spanish.) This show-
ing reflects the importance of the telecom-
munications industry to Canada.

Summingup theraison detre of Canada’s
participation in Telecom 83, Douglas Sloane
of TCTS says:

“Rapid advances in (telecommunica-
tions) technology are now generating a
worldwide revolution in which Canada has
a chance to play a leading role. This is an
opportunity which, properly exploited, can
create new jobs, improve trade balances,
and make a significant contribution to the
economicrecovery of this country”
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Canadian Papers Accepted for Presentation
at Telecom 83

A Fibre Optic Integrated Services Field Trialin
Canada: M.B. Akgun (DOC), K B. Harris
(Cdn. Telecommunications Carriers Assoc.
- CTCA); GA. Tough (Manitoba Tele-
phone System). Rural Networks Session.

Planning for the Introduction of New Digital
Customer Services and Loop Technologies:
EM. Banks (Bell Canada); G. Gara (Bell
Northern Research). ISDN Session.

An Integrated System Implementation in
Canada: O. Stubits (CNCP Telecommuni-
cations). Enhanced Services Session.

Technology and Social Responsibility: ].S.
McNeice (Bell Canada). Terminal Equip-
ment Session.

Aurora — An Automatic Roaming Radio
System: A. Slekys (Alberta Govt Tele-
phones). Mobile Systems Session.

Software Aids for National Architecture
Planning:D. MacDonald; M.O’Leary (Bell-
Northern Research). Technology Trends
Session.

Satellite Applications in Canadian Broad-
casting: RM. Lester (Telesat Canada).
CATV-Broadcasting Session.

For Publication Only

Network-based Data Services of TCTS: A.M.
Rybczynski (TCTS).

Integration of Satellite and Terrestrial Digital
Technologies for Business: P Kiar (Bell
Canada).

A Single Channel Per Carrier Satellite
System:S. Hussain (AEL Microtel).

Optimizing Rural Telephone Networks:
R.C. Terrault (Bell Canada International).

Microwave Frequency Coordination
Canada: M. Derzai (CTCA).

Optimizing Management Traiming and
Development in a Changing Technical Envi-
ronment:E]. Clifford (Bell Canada).
Canadian Companies Exhibiting at
Telecom 83

AEI Telecommunications Canada Ltd,

Winnipeg, Manitoba. (Small and large tele-
phone switching systems.)

AEL Microtel Ltd, Burnaby, British
Columbia. (Satellite and other recerving and
multiplexing systems, advanced R&D).

Allcom Data Ltd., Nepean, Ontario. (Data
Communications Products.)

Bell Canada International, Ottawa, Ontario.
(Major telecommunications system consultants
and designers).

Canadian General Electric Ltd., Toronto,
Ontario. (Fibreglass and other telephone
conduit systems.)
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Canadian Marconi Co., Montreal, Quebec.
(Data switching and radio systems.)

Century III Electronics Inc., Vancouver,
British Columbia. (Broadband communica-
tions networks.)

Croven Crystals, Whitby, Ontario. (High
frequency crystals for communications and
radar systems.)

Dept. of Communications, Ottawa, Ontario.
(Federal government agency responsible for all
media of communications in Canada.)

Farinon Canada Ltd., Dorval, Quebec.
(Analog and digital microwave radios.)

Gandalf Data Ltd., Ottawa, Ontario. (Data
communications products.)

Global ThermoelectricPower Systems Ltd.,
Bassano, Alberta. (Thermoelectric power
products.)

Hermes Electronics Ltd., Dartmouth, Nova
Scotia. (Antennas and other communications
equipment.)

Idacom Electronics Ltd, Edmonton,
Alberta. (Data communications test equip-
ment.)

Memotec Data Inc, Montreal, Quebec.
(X.25 communication processors and multi-
plexers.)

Mitel Corp., Kanata, Ontario. (PABX switch-
ing systems, work stations, telephone handsets.)

Northern Telecom Ltd, Mississauga,
Ontario. (Manufacturers of complete line of
telephone utility and subscriber equipment.)

Novatel Communications Ltd., Montreal,
Quebec. (Cellular mobile telephone systems.)

Spar Aerospace Ltd.,Ste. Anne de Bellevue,
Quebec. (Satellite and aerospace systems.)

Spillsbury Communicatdons Ltd,, Van-
couver, British Columbia. (Specialized radio
equipment.)

SR Telecom Inc, St. Laurent, Quebec.
(Urban and rural subscriber radio systems.)

Teleglobe Canada, Montreal, Quebec.
(Crown Corporation responsible for overseas
communications services.)

Hugh C. Mclntyre, the author of this
report, is a technical writer based in
Toronto who has covered develop-
ments in computers and communica-
tions over the last 20 years.

Art direction, supervision of text and
illustration and coordination of produc-
tion were provided by Camp Associates
Advertising Limited, Toronto.




Around 5,000 years ago, Sumerian messages were written on
clay tablets. Some even came with their own clay envelope.

“...the globe has contracted spatially;,
into a single large village”

Marshall McLuhan
The Gutenberg Galaxy

In ancient times, a message could travel only as fast as the messenger.

Today, thoughts and words are flashed around the globe electronically,
at the speed of light.

Teleglobe Canada carries oversea messages to and from Canada,
allowing Canadians to trade information with people in more than
80 countries as easily as with their next door neighbours.

Behind this ease of communication is a vast system
of satellites and undersea cables linking the continents. TQIGQIObe Il Il
Teleglobe Canada operates the Canadian part of this C d l
sophisticated system, providing telecommunications to AQNQAQ ===
the four corners of the earth. Bringing people and continents together
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Six Millenniums of Buffalo Kills

At a site in western Canada named Head-Smashed-In, Indian hunters

slaughtered buftalo by stampeding the herd over a cliff. They started

/n 3700 B.C. and continued until well after the white men had come

ccording to many early 19th-centu-
ry accounts and illustrations, the
Indians of the Great Plains of
North America hunted buffalo by riding
them down on horseback. The implica-
tion is that these peoples were not suc-
cessful buffalo hunters until some time
after Europeans introduced horses into
North America in the 16th century. Ar-
chaeological work in the wide grass-
lands east of the Rocky Mountains con-
tradicts this assumption. From the time
the first Paleo-Indians entered the re-
gion some 10,000 years ago, they were
redoubtable hunters even though they
hunted on foot. Mammoths were the
game they favored at the start, and
when those great beasts became scarce,
they turned to hunting two different
species of buffalo: the large, straight-
horned Bison antiquus and the smaller
Bison occidentalis, both now extinct.
The Paleo-Indians’ successors on the
plains continued to hunt buffalo on
foot, and as a communal enterprise.
Here I shall describe what has been
unearthed at one such communal bi-
son-hunting site, 130 kilometers south
of Calgary at the southeastern edge of
the Porcupine Hills in western Alberta.
There the Piegan Indians of historical
times and their predecessors have been
stampeding buffalo to their death over a
cliff for at least 5,600 years and possibly
as long as 9,000. As with other “buf-
falo jump” sites in Canada and the
U.S., the topography of the site favored
group stalking and stampeding of buf-
falo herds. In their language the Piegan
call the place Head-Smashed-In.
The cliff the hunters used as a jump is
a sandstone outcrop that had weathered
and collapsed over the centuries so that
a talus slope of detached sandstone slabs
and smaller fragments built up along its
foot. Today the vertical drop from the
cliff edge to the top of the slope mea-
sures between nine and 10 meters. West-
ward, back from the edge of the cliff,
the valleys of six tributaries to a central
stream, Olsen Creek, occupy a shallow
basin, some 36 square kilometers in ex-
tent, rimmed by a continuous highland
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area except where Olsen Creek leaves
the basin. More than 500 cairns, rock
piles about a meter in diameter and a
third of a meter high, still mark paths
as much as eight kilometers in length
along which the communal hunters
drove the buffalo to the cliff.

The talusslope below the cliff was not
formed by erosion alone. Most of its
bulk is the result of the detachment
from the cliff face and subsequent
downhill movement of two separate
massive blocks of sandstone. The first of
these block falls, called slumps by geol-
ogists, came in about 3700 B.c. and the
second at about the start of the Christian
Era. It is difficult to estimate how high
the cliff stood above the talus after the
first slump, but even after the second it
was nearly twice as high as it is today.

tampeding buffalo over the edge of a
cliff was not the only hunting meth-
od pursued by the Plains Indians of the
fourth millennium B.c. To judge by the
archaeological evidence and by Piegan
practices in historical times, the buffalo
were sometimes driven into bogs, arro-
yos and box canyons and even into cor-
rals or pounds built by the hunters for
the purpose. The first white man to visit
Piegan country, a Hudson’s Bay Com-
pany trader named Peter Fidler, left a
vivid account of pound drives he wit-
nessed at Stimson Creek in December,
1797. “Our Chief is the Pound Master,”
Fidler wrote, “and whenever a herd [of
buffalo] comes into the pound he must
go & kill the first one. He generally
shoots his one with a gun. The young
men Kkill the rest with arrows, bayonets
tied upon the end of a pole &c. The
hatchet is frequently used & it is shock-
ing to see the poor animals thus pent up
without any way of escaping.... Some
with a stroke of an axe will open nearly
the whole side of a buffalo & the poor
animal runs some times a considerable
while all thro’ the pound with all its in-
ternals dragging on the ground & trod
out by the others.”
In the course of a six-week stay at the
pound, which measured 30 by 45 me-
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ters, Fidler estimated that the Piegan
had trapped and butchered more than
250 buffalo. They could have taken
more, he wrote, except that “‘when the
wind happened to blow from the pound
in the direction of the tents, there was an
intollerable stench of the great number
of petrified [sic] carcasses, &c on which
account the reason of our leaving it.”

Junius B. Bird of the American Muse-
um of Natural History was the first pro-
fessional to dig at Head-Smashed-In,
but the results of his work in 1938 were
never published. In 1949 Boyd Wett-
laufer, then a graduate student at the
University of New Mexico, ran test
trenches both into the talus slope and
at a campsite some 18 meters below
the jump where the prime parts of the
slaughtered buffalo had been carried for
more detailed butchering. The Province
of Alberta erected a cairn at Head-
Smashed-In to commemorate his inves-
tigation, which was thought to be the
first in Alberta. The cairn only attract-
ed illicit excavators. Their appetite was
further whetted by the news of an exca-
vation in 1958 at a nearby jump site,
“Old Women’s,” where the remnants of
hunting activity had accumulated to a
depth of more than seven meters and the
earliest strata dated back to the first cen-
tury A.D. By 1964 robbers had stripped
the surface of Head-Smashed-In over an
area of 1,400 square meters, digging pits
as big as two meters in diameter and
three meters deep.

With the integrity of the site in jeopar-
dy the Glenbow-Alberta Institute and
the University of Calgary joined forces
to mount a major rescue effort over two
seasons (1965-66). In the three months
of the first season my associates and I
worked mainly on the south part of the
talus, opening up an area three by six
meters in extent. At a depth of eight me-
ters the area was reduced to a shaft 1.5
meters square, which was continued to
11 meters. Below the eight-meter level
the shaft passed through a two-meter
stratum of sterile fill before we encoun-
tered further traces of buffalo hunting.
The reduced dimensions of the shaft



kept us from acquiring either bones
or projectile points at this lowest level
in quantities adequate for establishing
phases of occupation and dates. The
more plentiful material from the eight-
meter level, however, dated back to
about 1000 B.c., and we were confident
that the bottom strata would prove to be
considerably older.

n the second season our main ef-
fort was concentrated on the talus
some 100 meters to the north of the
1965 shaft. One of the excavation units

PRAIRIE VISTA occupies the middle distance in this view of the
southeastern edge of the Porcupine Hills in Alberta. The diggers in
the left foreground are members of the author’s party who examined
a Plains Indian buffalo-jump site here. The Indians who killed the

opened there, three by three meters in
area, was excavated to a depth of four
meters before slump-block sandstone
was reached. The bottom stratum—a
layer of sand, gray gold in color, from
half a meter to one meter thick—held a
bed of buffalo bones. Carbon-14 analy-
sis of the protein collagen from the
bones yielded an age determination
of 3710+ 100 B.c. Associated with
the bones were side-notched projectile
points that, although they were made
from local stone, are typical of those
first found some years ago at a Wyo-
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ming site known as Mummy Cave, 8§50
kilometers to the south.

The earliest slump block, which un-
derlies the oldest bone strata in both
the northern and the southern areas of
the talus slope, consists of a 10-foot
thickness of sandstone. Canadian gov-
ernment geologists, who helped us with
our excavation in the 1966 season,
trenched down to buried soils that had
washed out from under the block. In the
outwash they came across simple cobble
tools and butchered buffalo bone. Both
because of the depth of burial and be-

buffalo made some of their stone points and knives out of pebbles
and cobbles of chert and quartzite unearthed from the prairie’s gla-
cial till. Other tools, however, were made from exotic stones such as
chalcedony brought from the Rocky Mountains, seen on the horizon.
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GREAT PLAINS OF NORTH AMERICA are the scene of numerous buffalo-hunting sites
discovered by archaeologists in recent years. They date from about 8000 B.C., in Paleo-Indian
times, to post-Paleo-Indian periods that include the arrival of European settlers. Excavated
and unexcavated buffalo-jump sites in Canada and the U.S. are respectively indicated by col-
ored squares and dots. The sources of the kind of stone used to manufacture points and other
tools by the occupants of the Alberta jump site, Head-Smashed-In, are indicated by black dots.
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cause of the instability of the geologists’
trench our group could not exploit their
find. The geologists’ deep trenching did
not yield enough buffalo bone for car-
bon-14 analysis, and so the exact antiq-
uity of these strata, evidently the low-
est at Head-Smashed-In, remains unde-
termined.

One possible clue to their age comes
from a chance discovery by Wettlaufer
in 1948. Among the surface finds in his
single season’s work was a Paleo-Indian
projectile point. It had evidently been an
inclusion in soil dredged up during the
construction of a water reservoir for
the cattle that now graze the area. If the
point, unmistakably of the Paleo-Indi-
an tradition named the Cody Complex,
was originally associated with outwash
from under the earliest slump block,
then Head-Smashed-In may have been a
buffalo jump as long ago as the sixth
millennium B.C.

In order of decreasing age the cultural
debris we unearthed in our two seasons’
work (and in an additional month’s
work at the site in 1972) provides a rec-
ord of consistent although not continu-
ous use of the buffalo jump from at least
3700 B.c. until the beginning of the 19th
century A.D. Let me summarize the ar-
chaeological evidence for the use of the
site by four successive prehistoric cul-
tures and for its final use by the buffa-
lo-hunting Piegan of modern times. To
flesh out the bare bones of the archaeo-
logical record I shall comment on what
the artifacts tell us about exchange net-
works and possible shifts of population
over the same period, starting with the
presence at the site of members of the
Mummy Cave culture between 3700
and 3100 B.c.

Two preliminary notes, one climatic
and one geologic, will be of help in inter-
preting what follows. First, studies of
paleoclimate have established that the
time between roughly 5500 and 3000
B.C., known as the Altithermal, was a
period when conditions were generally
drier and somewhat warmer than they
were either before or after. Because
the prairies are semiarid even today, it
has long been thought that the earli-
est Americans would have shunned the
plains in this period of even greater arid-
ity. Such was apparently not the case.
Quite apart from the early evidence at
Head-Smashed-In, cultural debris has
now been found at various Wyoming
box-canyon buffalo-trap sites that date
between 4700 and 4000 B.c. and belong
to the Mummy Cave cultural tradition.
Other evidence that the Altithermal was
not a period of inactivity on the prai-
ries comes from sites in Crowsnest Pass
in the Rockies, 90 kilometers west of
Head-Smashed-In. There a series of buf-
falo kills, accomplished by stampeding
the herds into boggy ground, have been
dated from 5200 to 2800 B.cC.: a span of
time that extends from the late Paleo-In-
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HIGHLAND BASIN leading to the cliff-edge jump-off at Head-
Smashed-In covers an area of 36 square kilometers where the val-
leys of six streams tributary to Olsen Creek provided natural runways

dian period, before the Altithermal be-
gan, to 200 years after present climatic
conditions had returned to the prairies.

he geologic note may surprise those
who know the Great Plains as a
generally featureless flatland. So they
are, flat as a pancake if one neglects
the terrain associated with stream ero-
sion, occasional hilly sections and the
prairie mountain ranges. The flatness,
however, is the product of the Pleis-
tocene glaciation that mantled the pre-
glacial landscape with a thick cover
of glacial till. The till is virtually a
pudding of potential raw material for
stone tools: quantities of quartzite and
chert cobbles and pebbles. Moreover,
at least in southern Alberta, the Creta-
ceous bedrock that underlies the till
contains quartzite and chert conglom-
erates, moderate amounts of petrified
wood and in one formation (the Bears-
paw shale) quantities of black chert peb-
bles. Flint quarries in the Knife River
area of North Dakota are another well-
known source of tool material. They
yield a honey-colored flint that was
much sought after and widely traded.
The Rockies that form the western
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boundary of the prairies offer both simi-
lar and quite different kinds of tool ma-
terial. High-quality cherts are common,
but so are beds of metamorphosed silt-
stone and nodules of chalcedony. The
most distinctive tool materials of all

from the region are obsidians. Most of-

them came from the area that is now
Yellowstone National Park, and Yel-
lowstone obsidian was traded to as far
away as sites of the Hopewell culture
east of the Mississippi

So much for the background. To re-
turn to the people of the Mummy Cave
phase at Head-Smashed-In, they used
local quartzite as the raw material for
their projectile points. They prepared
stone cores from quartzite cobbles,
struck blanks from the cores and re-
worked the blanks into projectile points
that were bifacial (worked on both
sides) and notched at the sides. The size
of the points suggests they were mount-
ed on the kind of dart shaft that was
propelled by a hand-held throwing stick
(called by the Aztecs an atlatl). The
Mummy Cave people also struck large,
irregularly shaped flakes from quartzite
cobbles, but evidently they fashioned
very few of the skinning knives charac-
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(arrows) for the stampeding buffalo. The rows of cairns helped the
stampeders to keep the buffalo aimed toward their jump point (color),
which was 20 meters above the talus slope in the second century A.D.

teristic of succeeding cultures; we found
only one. They were also not much in-
terested in exotic tool materials. Only 1
percent of their points were made of im-
ported stone: chert from Montana.

Overlying the four strata left by the
Mummy Cave people was a sterile layer
of talus wash and windblown sand that
ranged in thickness from a little more
than half a meter to nearly two meters.
A mature grassland soil had developed
on the top of this layer, suggesting that
the buffalo jump had not been in active
use for some centuries. Above the sterile
layer were a series of bone beds with a
total thickness of one to two meters.
With one anomalous exception, the car-
bon-14 dates for these strata ranged
from 1090 £ 120 B.c. at the bottom to
A.D. 25 + 80 at the top. All four strata
represented a well-known buffalo-hunt-
ing culture of the northern plains and
Rockies known as Pelican Lake after a
site in southern Saskatchewan.

Among the buffalo bones were char-
acteristic Pelican Lake projectile points,
which are notched at the corners. They
had been made from bladelike flakes
struck off conical or polyhedral cores
of good-quality chert. The Pelican Lake
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SANDSTONE CLIFF at Head-Smashed-In stands about 10 meters above the talus slope at
the southeastern edge of the Porcupine Hills, a region of rolling terrain. The Plains Indians of
the culture named Mummy Cave may have been the first to drive buffalo herds over the cliff
to their death on the slope below. Three other groups of buffalo hunters, including the prede-
cessors of the Piegan Indians, who gave the site its name, used the jump thereafter. The trench-
ing on the slope, to the right of center, was done by the author and his associates in 1965 when
the Glenbow-Alberta Institute and the University of Calgary began an investigation of the site.

MAIN TEST AREA was a three-by-six-meter shaft, to the right of center, that was pinched
down to a narrower shaft at a depth of eight meters. The material from the shaft, which even-
tually reached a depth of 11 meters, was brought to the surface by means of the improvised
crane seen in action here and screened for its contents. Buffalo bones from the eight-meter
level, when they were dated by carbon-14 analysis, proved to be about 3,000 years old. Objects
from the bottom of the lower shaft, however, were too few to yield a culture identity or a date.
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people, unlike their predecessors, had
a taste for exotic tool materials. Their
knives (large bifaces), their scrapers and
their smaller retouched flake tools were
made from Rocky Mountain cherts and
chalcedonies, Yellowstone obsidian and
the honey-colored flint from the Knife
River quarries in North Dakota.

ome of the projectile points from the
Pelican Lake strata have stems rath-
er than being notched at the corners.
These too were made from an exotic
raw material: metamorphosed argillite
from the Kootenay Lake area of British
Columbia some 800 kilometers west
of Head-Smashed-In. Both their source
and their alien shape suggest that visi-
tors from Kootenay Lake occasionally
participated in the Pelican Lake peo-
ple’s buffalo drives.

One attribute the Pelican Lake people
had in common with their predecessors
was the use of the atlatl in hunting. Both
whole and broken atlatl projectile points
were found among the buffalo bones.
The bases of broken points, however,
were uncommon, suggesting that atlatl
dart shafts with projectile tips broken off
were usually retrieved and taken back
to camp for rehafting. Such retrieval
makes sense; an atlatl dart shaft, larger
than an arrow shaft and probably made
with far greater care, is the critical ele-
ment in the atlatl ballistic system, just as
the bow is in the bow-and-arrow system.
As will be seen, once bows were substi-
tuted for atlatls, the bowman hunters
considered arrows and their arrowheads
expendable.

The second cliff-face slump took
place in about A.p. 100. In the southern
section of the talus massive chunks of
sandstone buried themselves in the up-
permost Pelican Lake stratum. To the
north an entire section of cliff, ranging
from 15 to 21 meters in thickness, fell a
distance of 12 meters, rotated and then
slid down along the tilted bedrock, push-
ing some of the overlying Pelican Lake
strata downhill ahead of it. Although
buffalo driving appears not to have been
seriously interrupted by the catastrophe,
the northern half of the talus slope was
little used thereafter. The initial impact
of the slump block had left a deep de-
pression; the hunters exploited it as a
natural corral, driving the buffalo over
the cliff so that most of the dead and
maimed animals ended up in the hollow.
Among the buffalo bones that had accu-
mulated there we encountered arrow-
heads for the first time.

The distinctive small points for ar-
rows usher in the Avonlea phase at
Head-Smashed-In. The phase takes its
name from a site in Saskatchewan, and
the Avonlea people were sophisticated
buffalo hunters, equally adept at driving
the animals over a precipice or herd-
ing them into a corral. The culture may
have evolved from the Pelican Lake
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Lockheed knows how.

One of the growth technologies of the future is computer-
ized image processing.

It's a vital technological thrust. More and more, industry,
medicine, science and defense are making use of huge num-
bers of images gained from many sources—radar, infrared,
acoustic, television cameras.

Until recently, most images have been analyzed or
compared only by specialists. But now, computers are being
taughtto“read/understand” and make decisions about
torrents of images that would otherwise swamp the human
eye and brain.

The tanks just moved”’

. #2 g Thiscanbecritical inputto
4 athreatened commander, and
~ he needsitalmostinstantly.

A reconnaissance aircraft or
satellite carrying a sensor such
. as atelevision camera or radar
would make the discovery. The
_ sensor’s images then are con-
verted into electrical signals
~ and sentto a computer, where
they are stored as arrays of
' numbers. Computer programs
manipulate the numbers until
the tanks are “recognized” An
enhanced image showing the
tanks can be reconstructed and
displayed for the commander.

The orange lines, wh:ch are offset
from the original image of the
tank, are part of the recognition
technique that shows the

tank has moved.
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Buta computer, unlike a human being, has to be given a
mathematical description in advance to know what a tank
looks like. The sensor, covering everything it sees, sends
a staggering volume of signals. So the computer must be
“trained” to eliminate unimportant images and concentrate
onsignificantones. .. forexample, to look for the tanks that
were spotted yesterday to see if they moved.

This is not just laboratory theory. Lockheed teams right
now are training computers in this automated image under-
standing, or “computer vision”

How big is the wheat crop?

Identifying wheat from corn from sagebrush or other
growth is another triumph of computerized image processing.

The photo here came from a Landsat satellite. The red
color, assigned by a computer, indicates wheat. Bare
ground, plowed ground, and stubble are in shades of green.
Working with NASA, Lockheed scientists, engineers and
mathematicians have developed techniques to process huge
numbers of images through computers, which they have
“taught” to recognize various crops and their conditions. In
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a tank.

To the human eye, a tank looks like the picture in Frame 1. But to a computer, the picture is simply a large array of numbers stored in its memory. It has to
processthatdata to “recognize” the tank. In Frame 2, it analyzes light intensities of the picture. In Frame 3, it manipulates its stored data to identify edges of
the tank. And in Frame 4, it has eliminated background and now has abstract edges and shapes from which it can proceed to recognize the tank.

use today, this valuabletechnology enables Lockheed to
determine the size of world crops.

Navigating by images.

How do you navigate an unmanned vehicle when an
inertial guidance system is too expensive?

One way is with an image-based system being developed
by Lockheed.

Like a human pilot, the computerized system will “read”
numbers of cues, like woods, ridges, and hills. It will recog-
nize a lake, for instance, even when iced over or shrunken
by drought. With this input, along with other data such as
airspeed and compass readings, the computer will weigh
all its information and initiate accurate navigational orders.

Lacking human eyes that can tell a lake from a hill, the
computer will rely on mathematical descriptions of topo-
graphic features. These descriptions, involving such features
as edges or brightness contrasts, will “teach” the computer to
read and react correctly to the three-dimensional world.

Automating X-ray inspection.

Detecting subtle differences or flaws shown by X-ray
photographs has traditionally been a slow, tiring job for
human specialists, particularly in industry.

But now Lockheed has developed an Automatic X-ray
Inspection System —AXIS—thatexamines X-rays by the thou-
sands, atgreatspeed. It converts X-rayimagesintonumbersand
compares the results against established norms, thusisolating
defects. With quick, tireless repeatability, it makes accept/
reject decisions and records the data on magnetic tape.

First developed for the
defense industry, AXIS
can be easily adapted
to medicine and other
industries. It will be
increasingly important
in applications where
large numbers of images
orarticles must be

Ch_?C ked fa.St f_or subtle, “Arrow points to adefectrevealed in an AXIS
critical variations. X-ray image of an artillery shell casing.

Image processing: the future.

If asystem of sensors and computers can recognize
instantly the movement of tanks or scan the ground below to
guide an unmanned vehicle, cannot more advanced systems
be developed to guide surgeons as they operate? Cannot
systems such as AXIS lead to immense improvement in the
quality of American products?

Great as have been the advances in image processing, itis
afield only now coming into its own, and Lockheed knows
how to develop this emerging technology.

Lockheed
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EXCAVATOR WITH TROWEL works to expose additional buffalo bones in the east area
of Head-Smashed-In during the 1972 season. Jaw fragment and rib cage have been cleared.

PROCESSING PIT in the campsite adjacent to Head-Smashed-In was used to boil the fat out
of buffalo marrowbones. A buffalo hide, lining the pit, was filled with water heated by drop-
ping into it stones that had been baked in a campfire. The fat, ladled out of the pit and allowed
to congeal, was the base for pemmican: a mixture of foodstuffs that could keep for months.
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complex itself. At least the first Avonlea
arrowheads at Head-Smashed-In are
corner-notched ones made of chert ob-
tained from the Pelican Lake quarries in
Saskatchewan. The evolution, if such
it was, did not take place at Head-
Smashed-In and its vicinity. Of all the
points we recovered from the lowest
Avonlea strata, points for atlatl darts
make up less than 1 percent of the total.

The Avonlea people are the first
among the plains populations to have
adopted the bow and arrow for hunting.
They acquired the new weapon through
contact with fishing people in the interi-
or of British Columbia, who in turn had
learned about bows and arrows from
Indians of the Northwest Coast whose
bowmanship was by then 1,000 years
old. At Head-Smashed-In the Avonlea
people drove buffalo in such numbers
over the cliff edge that the natural corral
left behind by the slump came to hold a
thick bed of bones. In the lowest part of
the three- to four-meter Avonlea depos-
it, which is dated at about A.p. 110 + 90,
Avonlea arrowheads were numerous.
Many of them were unbroken; others
were represented only by the tip of the
head or by the base of the head and its
haft. Evidently the Avonlea bowmen
made no particular effort to retrieve
their arrows after each stampede, per-
haps because many arrow shafts would
be broken when the falling buffalo hit
the ground.

he Avonlea people imported very

little Yellowstone obsidian and no
chert at all from the Montana mountain
quarries as raw material for their arrow-
heads and other stone artifacts. Instead
they brought chert of exceptionally high
quality in from British Columbia and
from other sources that are as yet un-
identified. In any event, working with
imported chert, the Avonlea craftsmen
turned out the finest stonework seen on
the Great Plains since the time of the
Paleo-Indians, some 8,000 years earli-
er. Their arrowheads, made from small
blades struck from conical cores, are ex-
tremely thin and were delicately flaked
into final shape. Other distinctive Avon-
lea tools included skinning knives, end
scrapers, small flakes and wedges, the
latter perhaps serving to split buffalo leg
bones for their marrow. At first the ex-
ploitation of local stone was confined to
heavy-duty implements for chopping,
hacking and smashing, but as time
passed the Avonlea toolmakers came
to depend more and more on Great
Plains stone.

The upper Avonlea levels, which are
dated at about a.p. 850, differ in char-
acter from the lower ones. Here the
massive lens-shaped deposits of buffalo
bone are heavily charred and in some
instances completely calcined. Above
them lie a final series of bone beds, 2.5
meters deep, associated with the last
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ENERGY OPTIONS

The Practical and The Promising

r,;tv

he energy crises of the 1970’s

jolted America into greater
awareness of alternative energy
development. Some of the alterna-
tive sources being explored today
will play an increasing role in the
years to come. The question s,
how much will the new alter-
natives be able to supplement
our major energy sources?

Although overall energy demand in
the U.S. dropped slightly over the
last decade, the use of electricity
actually rose more than 20 percent.
This electrification trend has gone
on throughout the century and is
expected to continue. The United
States Department of Energy recently
reported that ‘“‘the economy is very
likely to turn increasingly to electric-
ity for its energy requirements.”

As this reliance on electric energy
continues to grow, all the resources
that can generate electricity are being
examined. Some of the alternatives
are discussed here. Others, like fusion
and ocean thermal energy conver-
sion, may play a role in the more dis-
tant future.

Sun, wind, earth,
and water

SOLAR. In some respects, solar
energy has begun to pay off. For the
heating of water, solar systems are
now economically competitive in
some regions of the U.S. with plenty
of sunshine. Also, there are new
buildings benefiting from ‘‘passive”
solar designs. They utilize the sun
through nonmechanical means
such as skylights and heat-storing
rock beds.

For the generation of electricity,
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however, solar technologies are in
early stages of development. Although
some limited uses are being made, solar
electricity is still too expensive for
widespread practical use.

One possible system is the solar-
thermal electric station, or ‘“‘power
tower.”’” A small solar-thermal plant in
the Mojave Desert uses a large field of
mirrors to track the sun and focus its
heat onto a centrally mounted steam
boiler that drives a turbine-generator.

Another solar electric technology
is photovoltaics. It uses silicon or
other semiconductors to convert the
sun’s rays directly into electricity.
Researchers are working on increas-
ing the efficiency and reducing the
high costs of photovoltaics.

WIND. Wind power, like many
alternative energy sources, depends
on geography. It is most promising in
the Great Plains, in mountain passes,



and along coastal areas, where winds
are strong and steady.

Some of the larger wind projects
have had problems. But they are
being addressed, and utility compa-
nies today are involved in well over
100 wind-power research projects.
California’s Energy Commission has

Reliability and strength of the wind play

an important role in the location of “‘wind
Jarms’' like this one in Altamont Pass, east of
San Francisco. Wind generators are spread
over bundreds of acres of land.

predicted a wind-power potential
of 1000 megawatts for the state by
the year 2000, if current trends con-
tinue. That’s the equivalent of one
major electric power plant, or ap-
proximately 2 percent of the state’s
present electrical capacity.

GEOTHERMAL. The internal heat
of the earth is another energy source.
Geothermal energy is captured from
hot water or steam created by hot or
molten rock. 1300 megawatts of geo-
thermal electric capacity are now
available in this country, mostly in
California.

HYDRO. Falling water generated
almost 14 percent of the nation’s
electricity last year. Most U.S. sites
for large-scale hydro projects are al-
ready in use, but there is potential for
further development of low-head or
“minihydro’’: the use of small and
medium-sized dams, either newly
built or upgraded. By 1985, there
may be about 400 new small-scale
hydro projects, largely in the North-
cast. Like other energy sources,
though, hydro has limitations. These
include the environmental changes
that can be caused by damming a
river, as well as the uncertain relia-
bility of power that is fed by rain
and snow.

BIOMASS. This term refers to a
wide variety of fuel sources, includ-
ing plant and animal waste, wood,
algae, and garbage. The largest user of
biomass in the U.S. today is the forest
products industry, which gets about
50 percent of its energy from wood
wastes. Another form of biomass is

methane gas produced from decaying
organic materials.

Energy sources we can
count on today

Some of our important energy op-
tions involve not new production
technologies but more efficient ways
of delivering and using energy. So
conservation methods, including in-
dustrial cogeneration, will also help
meet our energy needs.

With all of America’s energy alter-
natives, it’s easy to forget how much
of our electric power will still be
generated from conventional fuels.
The Department of Energy projects
that by the year 2000, over 80 per-
cent of the country’s total electricity
generation will still come from the
abundant domestic resources of
coal and uranium.

Oil and natural gas are more val-
uable fuels for transportation and
manufacturing than for burning in
power plants. Also, these fuels, espe-
cially oil, are subject to uncertainties
over price and future supply.

On the other hand, we have
enough coal to last hundreds of years.
Coal will remain our dominant

We bave enough coal in the U.S. to last bun-
dreds of years. It is estimated that by 1990,
electric utilities will be burning over 780
million tons of coal a year to supply more
than bhalf of America’s electricity.

source of electricity. And advanced
technologies such as coal gasifica-
tion and fluidized-bed combustion are

creating new ways to burn coal cleanly.

To secure a well-balanced supply
of energy, America is also relying on
nuclear power. Aside from the 80
plants already generating nuclear
electricity in the U.S., 56 more have
been granted construction permits by

ELECTRIC UTILITY ENERGY CONSUMPTION
(Quadrillion Btu’s per Year)
1981 1990 2000
COAL
NUCLEAR
HYDROPOWER 28 32 37
NATURAL GAS
OIL
GEOTHERMAL,
BIOMASS
SOLAR, WIND
Source: Energy Projections to the Year 2000, July
1982 Update, U.S. Department of Energy, 8/82.

The Department of Energy foresees sizable
growth for both nuclear energy and coal in
this country’s electrical future.

the U.S. Nuclear Regulatory Commis-
sion. And they are being built.

A steady and secure supply of
electricity is critical for a healthy
economy. Some of the alternative
energy sources discussed here may
eventually become significant con-
tributors to America’s electrical sup-
ply, depending on what part of the
country you live in. Some may not.
Whatever the future holds, we need
to take advantage of the domestic
energy resources already within
our reach. We need to understand
not only the electricity potential
of tomorrow, but the electricity
realities of today.
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OLD WOMEN'S

AVONLEA

PELICAN LAKE

MUMMY CAVE .F' £ h

EIGHT PROJECTILE POINTS from the four phases uncovered at Head-Smashed-In appear
in profile and edge on. The lower four (e—/) are points for atlatl darts; point e is obsidian. The
upper four (a—d) are arrowheads; the atlatl, a dart-launching stick, was replaced by the bow at
the start of the Avonlea phase at the site. The flaking done by the Avonlea people was the
best on the plains following the end of the Paleo-Indian period. Point d, an obsidian piece, is
a good example of Avonlea workmanship; it can be compared with point @, which, although
it too is obsidian, has a much rougher finish. All the points are shown enlarged 50 percent.
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culture phase at Head-Smashed-In: Old
Women’s. The name is that of the near-
by site excavated in 1958. This phase
extended from A.p. 850 to the histori-
cal present (A.D. 1800), or shortly after
Peter Fidler’s contact with the Piegan
at Stimson Creek, 80 kilometers to the
northwest. It is probable that the Old
Women’s people were prehistoric Pie-
gan and that their culture was a fur-
ther evolutionary stage of the preceding
Avonlea phase. The transitional strata
between the two show a gradual change
in arrowhead style and in other stone
technology.

The Old Women’s phase is character-
ized by small, side-notched arrowheads,
cigar-shaped skinning knives hafted
sideways into wood or bone handles,
end scrapers and wedges, all made from
local pebbles of chert. The Old Wom-
en’s people, like their predecessors, also
made use of large quartzite cobbles and
flakes as choppers, bone-smashers, and
anvils and hammers for striking flakes
from small chert pebbles to make ar-
rowheads and knives. Their workman-
ship in the early phase was not as fine as
that of the Avonlea people, a fact that
may be attributable at least in part to
their reliance on local cherts of indiffer-
ent quality. They even made a few arti-
facts out of petrified wood. Near the end
of the Old Women’s phase, however, the
toolmakers reduced their dependence
on Great Plains raw materials and im-
ported Yellowstone obsidian and por-
cellanite from southern Montana. A
third exotic material, often used in ear-
lier Head-Smashed-In phases, the dis-
tinctive honey-colored Knife River flint,
was rarely exploited by the Old Wom-
en’s craftsmen.

he buffalo-bone beds of the Old
Women’s phase varied consider-
ably in composition. The one-meter stra-
ta of the lower deposits include lenses
of charred bone among the unburned
and well-preserved buffalo skeletons.
Overlying this lower deposit was a stra-
tum of charred and uncharred bone, buf-
falo horns and decomposed hair and
hide, mingled with the contents of the
animals’ intestines, including feces. The
final strata, 1.2 meters deep, contained
well-preserved bones, unmarked by fire,
in a powdery red orange matrix com-
posed of decayed hide and hair. We
found European trade goods—metal ar-
rowheads—in the uppermost stratum
and recovered a musket ball from its
surface. On the basis of trade goods
found here and at the nearby campsite
we assigned to the upper part of the de-
posit a date of about A.D. 1800. The Old
Women’s deposit is topped by a layer of
sandstone rubble, the remains of an un-
successful 19th-century effort to estab-
lish a sandstone quarry at the site.
The campsite area, a broad, flat gla-
cial bench 18 meters below the talus



MUMMY CAVE

SEVEN KNIVES representative of the phases at Head-Smashed-In
are shown at four-fifths actual size. The number of knives from the

my Cave strata included only one (a). Both the Avonlea and the Old
Women’s knives are more refined in flaking than the earlier ones.
Old Women’s knives were fitted into a wood handle along one edge.

site is low compared with the number of projectile points; the Mum-
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probably used more for breaking bones than for chopping meat. The

evidence of wear on the clublike tool (c) suggests that it too was used

to break bones. All three tools are shown at two-thirds actual size.

Sl

HEAVY STONE TOOLS, made chiefly from quartzite found in the
local glacial till, included flake choppers (a) and cobble choppers ().
129

The choppers were left mostly unmodified. Both kinds of tools were
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How to slim down.
Rent a home. Retire.
Choose a new carpet.
Can food. Backpack.
Buy tires. Find a job.
Repair a leaky faucet.
Read labels. Invest.
Questions? Let the
Consumer Information
Catalog help you find the
answers. It lists
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more. For your free copy,
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General Services Administration
Consumer Information Center

slope, is six and a half hectares in extent.
Most of its present surface is mantled by
a thin scatter of refuse: butchered bones,
cracked rock hearths for cooking fires
and miscellaneous artifacts. The pre-
ferred camping area was evidently the
south end of the bench, upwind of the

kill area. Here we uncovered a midden
of bones, cracked rocks and artifacts as-
sociated with the final butchering of dif-
ferent parts of the slaughtered buffalo.
Within the midden the principal arti-
facts were numerous heavy stone tools.

If historical accounts of Piegan buffa-

YOUR EXCITING
NEW HOBBY!

w Enjoy fantastic savings by assem-
bling your own organ or piano.

w |t's easy. No technical
knowledge required.

% Just follow our clear,
pictured instructions.

% Choose from many models
from portables to consoles

% Ask about our interest-free
installment plan

QUWERSI

ORGAN & PIANO KITS

For Free Information Pack M4 1

Call Toll Free

/ 800 233 3865
In PA 717 299-4327

,_—'-’ ol

coupon
below

WERSI Dept. M41 PO Box 5318
Lancaster. PA 17601

O Free Info. Pack: 00 Organ O Piano
[0 Catalog & Demo Record (enclose $3)

Name
Address SIPCE
City State Zip
Phone ( )
Rep inquiries invited J
130

HERD COMPOSITION (PERCENT)
25 50 75 100
= :

MATURE MALES g ¥
MATURE FEMALES

IMMATURE MALES |
AND FEMALES 2 —_—

IMMATURE: — |
LESS THAN 5 YEAR| |

LESS THAN|[ 1
15YEARS| | |

LESS THAN|[
2.5 YEARS

LESS THAN
3.5 YEARS |__

LESS THAN [
4.5 YEARS

LESS THAN
5.5 YEARS | =

MATURE:
LESS THAN =1

9.5 YEARS
= |
| |

0 10 20 30 40
AGE AT DEATH (PERCENT)
COMPOSITION OF BUFFALO HERD is based on an analysis of one bone bed at Head-
Smashed-In (Avonlea North 2B), where the bones represented 41 individual buffalo. As the
upper graph indicates, they were predominantly immature. The estimated age at death, as is
shown in the lower graph, places seven of the animals in the fully mature category and only
three in old age (more than 9.5 years old). Seven others were less than 2.5 years old and 24
were between 2.5 and 5.5 years old. Because buffalo cows usually calve in May, the animals
must have been killed between four and five months later: from mid-September to late October.
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PRESERVATION OF BONES in the same Avonlea stratum, North 2B, shows that, as was
the later practice, Avonlea hunters carried many parts of the slaughtered buffalo away from
thekillsite for further butchering. The presence of 41 individual animals was established by the
analysis of teeth. If the carcasses had been undisturbed, 82 horns, 82 jawbones (upper and low-
er) and 82 front and rear upper-leg bones should have been found (bottom bar). Fewer than
half that number of horns and only 11 jawbones were recovered. The number of femur (rear
upper-leg bone) fragments was only eight. There were, however, 38 humerus (front upper-leg
bone) fragments, suggesting that these bones were used less than femurs as a source of marrow.
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How you can tell

They’re both IBM Personal Computers.
And they’re the same. Only different.

The system that's on the left is the
ideal solution for a person who wants to
be creative, efficient and improve his or
her personal productivity.

So 1s the other one.

The system on the left incorporates
the quality, the reliability and the
technological excellence that have made
IBM a computer leader for over 30 years.

So does the other one.

So which s which? Simple.

On the left is the IBM Personal
Computer, starting with 64KB of user
memory (expandable to 640KB) and

-~ two optional 5¥4" diskette drives.

\ mm“mmm It can easily satisfy your

- computing needs at the
y: / ,/}:1.:1"'._1. vy T office, at home or in school.
i ! - With 5 expansion slots,

1t gives you room to grow.

(You can even make it function
like the computer shown on the right
by adding an expansion unit that
houses one or two 10-million-character
fixed disk drives.)

This system can run most of the
same software and accept most of the
same IBM hardware as the computer on
the right. And its price/performance
is nothing less than remarkable.

The IBM Personal Computer
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which is which.

On the right 1s the IBM Personal
Computer XT, starting with 128KB
of user memory (expandable to 640KB),
a S¥4" 360KB diskette drive plus a
standard 10-million-character
fixed disk drive that's @/ready built in.
For a businessperson with
heavyweight data requirements, the
XT packs a lot of power, because it
can store the facts, figures, names
and numbers you need to know.
(Instead of going from diskette to
diskette, you can have up to 5,000 pages of
text or up to 100,000 names and addresses
conveniently stored in one place.)
And by adding an expansion unit with
a second 10-megabyte fixed disk drive,
you get even more high-volume -
capacity from the system. 1l %
XT can run most of the same II?I/ {
software and accept most of the
same IBM hardware as the computer
on the left. And its price/performance
is nothing less than remarkable.
But for you to choose, there’s a lot
left (or right) to learn about both
members of this growing family. Visit
your authorized IBM Personal Computer
dealer. To learn where, call 800-447-4700.
In Alaska or Hawaii, 800-447-0890.
And see which tool for modern
times is right (or left) for you.

The IBM Personal Computer XT
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The experts have had
a lot to say about the new
Thunderbird.

Thunderbird is a
head turner,
Wiashington Business Journal,

nd rear for ex-

It traction and sta-
“bility, so Thunderbird's
look actually helps the
way it drives. It also has
one of the lowest drag
coefficients of any four-
passcnger touring coupe
anywhere,

Its performance is
as smooth as its
appcarance. ”

New York Times,
April 10, 1983

With either the stan-
dard 3.8 liter V6, the

ey

power is thoughtfully
applied, because the
Thunderbird 2.3 liter
Turbo Coupe is rated at
33est. hwy,

EPA est. mpg.*

Ford'’s new
Thunderbird
Turbo Coupe is pure ”
driving excitement.
Popular Mecharnics,
April 1983

From the tires to the
suspension to the steer-
ing, the Thunderbir
was designed fopghe
discriminating driver:

Radial s provide
iction on both
wet and dry pavement.
The rack and pinion
steering is quick and
precise. Gas-filled struts
and shock absorbers give
the Thunderbird a
smooth ride in normal
driving conditions and a
supportive ride when
cither you or the road
demand. And all these
parts work in concert to
make the Thunderbird
handle the road with
confidence.

To say that this car
is the best new
Thunderbird in vears
is a dramatic under-
statement., ”
Road & Track,

January 1983

Sy “Quality
S wearc talking

it more than a com-
mitment. We are talking

““| about results. An inde-

ent survey con-
cluded Ford makes the
best-built American cars.
The survey measured
owner-reported prob-
lems during the first
three months of owner-
ship of 1983 cars de-
signed and builtin the US.

*For comparison. Your mileage
may differ depending on
speed, distance, and weather.
Actual highway milecage lower.

Get it together—
Buckle up.

Have you driven a Ford...

o

“The new Thunderbird
is Detroit’s design triumph
of the year.”

Car and Driver, July 1983
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lo hunts are any guide, the various stone
tools had served to cut up the animals’
four quarters, to cut the meat into strips
for drying and to smash the leg bones
for their marrow. Most of the stone
cores and waste flakes at the camp
had come from large, coarse-grained
quartzite cobbles; little fine-grained
chert waste was found. A small amount
of pottery also turned up, along with
such trade goods as beads, copper ban-
gles, bottle glass and iron arrowheads.
Among the buffalo bones in the camp
were fragments of mandibles, left over
from the removal of the animals’ tongue
(considered a delicacy by buffalo hunt-
ers since Paleo-Indian times), the base
and frontal bones of skulls (broken to
remove the brain), rib bones, bones
from buffalo humps and many frag-
ments of limb bone. We also excavated
a number of what, on the basis of their
contents and of historical accounts,
must have been boiling pits. Tradition-
ally such pits were dug, up to two meters
in diameter and one meter deep, and
lined with a buffalo hide. The skin was
then filled with water and cracked mar-
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PROJECTILE POINTS

rowbones. Rocks heated in a nearby fire
were thrown in until the water boiled.
Finally the marrow fat that accumulat-
ed on top of the water was skimmed off,
ladled into. containers and used as a
base for pemmican: a mixture of the
grease, berriesand dried meat pounded to
a powder.

Although the camp area may have
been used by hunting parties other than
those of the prehistoric and modern Pie-
gan at Head-Smashed-In, we found little
or no archaeological trace of any of the
two earliest peoples who had stampeded
buffalo at the site. Head-Smashed-In is,
however, only the second buffalo-jump
site to be excavated in Alberta, the first
having been Old Women’s. At least 20
more sites, with their associated hunting
and butchering camps, still remain to be
investigated. Our site provides a record
of use by Great Plains hunters over a
period of at least 5,600 years. That is a
considerable span of time. Indeed, only
one other excavated buffalo-jump site is
substantially older: Bonfire Shelter, near
the juncture of the Pecos River with the
Rio Grande in Texas. Bonfire Shelter is

KNIVES

COARSE QUARTZITE
FLAKES

some 10,000 years old, but the history of
its use is far briefer than that of Head-
Smashed-In. With the exception of Bon-
fire Shelter, jump sites are typically dis-
tributed along the western edge of the
plains. Who knows how old some of the
other Alberta buffalo jumps may be?
In any event our findings at Head-
Smashed-In indicate that substantial
numbers of hunters on foot were suc-
cessful in providing themselves with
meat and fat, with hides for robes and
tepee covers, with bladders and lengths
of intestine for containers, with sinew
for sewing, with bone and horn for tools
and utensils and with dung and tallow to
burn for warmth and light. Moreover,
their hunting methods required more
sophisticated social mechanisms than
many scholars have been prepared to
credit even the historical plains Indians
with. For all their deceptively simple
material culture, these earliest plains-
men were at the same time excellent or-
ganizers and daring coordinators when
many of the white man’s ancestors were
still simple hunters and gatherers in the
chill forests of Mesolithic Europe.

HEAVY TOOLS

STONE ARTIFACTS of different kinds varied in number from one
phase to another at Head-Smashed-In. In the Mummy Cave strata,
for example, of some 1,129 stone artifacts found, 97 percent were
flakes of coarse-grained quartzite made from local quartzite cobbles.
The Mummy Cave projectile points, 17 in all, were for hafting to the
long darts thrown with the atlatl. Only one knife was found in the
Mummy Cave strata. Of the 1,149 artifacts from the Pelican Lake
strata, more than half were also flakes of local quartzite. Atlatl pro-
jectile points, some made from imported obsidian, accounted for an-
other 23 percent of the total. A few knives were present, some also
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made from imported stone, while heavy stone tools such as choppers
and mashers accounted for 5.3 percent of the total. In the Avonlea
strata, arrowheads were the most abundant (61 percent of the total)
among the 1,735 artifacts found. Knives were far more numerous
than they were in the Pelican Lake phase: the total was 60. Avonlea
craftsmen imported chert from British Columbia and obsidian from
the Yellowstone area. The people of the final phase, Old Women’s,
left fewer arrowheads than their Avonlea predecessors had left but
more knives. Up until historical times they worked mainly in local
stone, using chert for points and knives and quartzite for heavy tools.
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The Extinction of the Ammonites

Changes in the shells of these nautirluslike marine animals

at the end of their long history suggest they were fighting a

losing battle against more mobile, shell-crushing predators

t the end of the Cretaceous period
of the Mesozoic era 65 million
years ago many species of plants

and animals, including many groups of
marine invertebrates, suddenly died out.
One of the most important groups of
marine invertebrates to be extinguished
was the ammonites. The ammonites,
like their nearest living relatives the
members of the genus Nautilus, were
chambered cephalopods: mollusks that
live in the outermost compartment of a
shell they divide into chambers by se-
creting a series of walls behind them as
they grow. Many investigators now be-
lieve the extinctions at the end of the
Cretaceous period were caused by the
direct or indirect effects of the colli-
sion of a large meteoritic body with
the earth, a possibility first proposed
by Luis W. Alvarez, Walter Alvarez
and their co-workers at the University
of California at Berkeley to account
for the abnormally high levels of plati-
num-group metals found in sedimenta-
ry strata dating from this period [see
“The Mass Extinctions of the Late
Mesozoic,” by Dale A. Russell; SCIEN-
TIFIC AMERICAN, January, 1982]. The
fossil record suggests, however, that the
extinction of the ammonites was a con-
sequence not of this catastrophe but of
sweeping changes in the late Cretaceous
marine ecosystem.

“Ammonites” is a term reserved for
the Jurassic and Cretaceous represen-
tatives of the order Ammonoidea. The
shells of the ammonites differ from
those characteristic of the ammonoids
throughout most of their 300-million-
year history in ways that suggest these
slow-moving and probably bottom-
dwelling animals were encountering
much stronger selective pressures than
they had up to that time. The typical
ammonoid shell was beautifully engi-
neered for withstanding the pressure of
seawater at the depths at which the ani-
mals lived but was poorly engineered
for escaping or discouraging predators.
Most ammonoid shells, like those of
the modern nautilus, were planispiral
(coiled in a plane), comparatively thin-
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walled and poorly streamlined. In the
late Mesozoic many fast-swimming,
shell-crushing marine predators arose,
among them the modern bony fishes and
many species of air-breathing marine
reptiles. Their presence may explain the
predominance of three types of shells
among the Cretaceous ammonites:
streamlined planispiral shells, heavily
ornamented or armored planispiral
shells and a wide variety of bizarrely
shaped shells collectively called hetero-
morphs.

Much can be deduced about the agili-
ty, speed and mode of life of the new
species from their shells alone, but a
complete understanding of the defen-
sive strategies to which the shell types
bear silent witness requires some under-
standing of the biology of the animals
living in them. For the most part only
the shells and other hard parts of the
ammonites have been preserved; rarely
are fossils containing traces of organic
material found. Thus the living fossil,
the nautilus, has proved to be an in-
valuable source of information, allow-
ing otherwise inexplicable or apparently
maladaptive modifications of the am-
monite shells to be explained.

he ultimate fate of the ammonites is

still an enigma, in part because am-
monite-bearing sediments encompass-
ing the boundary between the Creta-
ceous period and the Tertiary have been
found at only a few sites. In the late
Cretaceous both the number of ammo-
nites and the number of species of am-
monites dropped sharply. What hap-
pened to the remaining, apparently resil-
ient ammonite species is not clear, but
studies of the fossils from the strati-
graphic sections at Zumaya in Spain
suggest they became extinct long before
the proposed impact of the meteoritic
body. Even if it is assumed that the im-
pact hastened rather than caused the fi-
nal extinction of the ammonites, how-
ever, there are loose ends to the story.
Some of the late Cretaceous ammonite
species closely resembled the nautiloids,
the ancestors of the modern nautilus.
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Why should they have succumbed when
the nautiloids survived?

The nautiloids, some species of which
are found in strata dating from the Cam-
brian period of the Paleozoic era, are the
oldest cephalopods. A very restricted
group (that is, a group limited in num-
bers) called the bactritids developed
within this subclass in the Silurian peri-
od of the Paleozoic; the bactritids may
be the common ancestor of all the more
recent cephalopods, including the mod-
ern cuttlefish, squid and octopus. The
ammonoids apparently branched off
from the bactritids in the early Devoni-
an period of the Paleozoic some 395 mil-
lion years ago.

The long evolutionary history of the
ammonoids is characterized by explo-
sive radiations and the sudden appear-
ance of many new species, foilowed
quickly by abrupt extinctions. The num-
ber of ammonoid species increased rap-
idly in the Paleozoic, quickly equaling
the number of nautiloid species. In the
Triassic period of the Mesozoic era, and
again in the Jurassic and Cretaceous pe-
riods, the ammonoids radiated explo-
sively, eclipsing the nautiloids in num-
ber of species. At least three-fourths of
the approximately 10,000 known fossil
chambered cephalopod species are am-
monoids. So diverse are the ammonoids
that their fossils are often helpful in dat-
ing sedimentary strata.

Perhaps the most striking difference
between nautiloid and ammonoid shells
is the one between the two organisms’
septa (chamber walls) and septal sutures
(the line of contact between the septa
and the inside of the shell), which are the
features of the shell that largely dictate
its strength. In the modern nautilus
the chambers are emptied of fluid as
they are walled off, a contrivance that
enables the animal to achieve neutral
buoyancy (an overall density or weight
per unit volume nearly equal to that of
the surrounding seawater) and thus to
remain at any depth without effort. The
weight of the shell and the body tissues
is greater than the weight of seawater, so
that the chambers are maintained at



CROSS SECTION OF AN AMMONITE FOSSIL exposes the inter-
nal chambers of the shell the animal created by secreting walls be-
hind it as it grew. (The body cavity of the shell is missing in this speci-
men.) Crystals of chert, a siliceous mineral, deposited on the walls
during fossilization give them their layered appearance. This speci-
men is a member of the genus Placenticeras, one of the last genera of
ammonites to be extinguished. The form of its shell closely resembles
that of the modern nautilus, the only surviving chambered cephalo-
pod. One of the puzzles presented by the extinction of the ammonites

is why genera such as Placenticeras were extinguished when the an-
cestors of the nautilus survived. The term ammonite refers only to
the last representatives of the group called the ammonoids. The shells
of the roughly 7,500 known ammonoid species vary widely in shape
and size. The ammonoids were named for the ancient Egyptian god
Ammon, often represented as the head of a ram, because some am-
monoid shells resemble twisted ribbed ram horns. Most ammonoids
are smaller than the specimen shown here, which is 24 centimeters in
diameter, but fossils nearly two meters in diameter have been found.

© 1983 SCIENTIFIC AMERICAN, INC 137




2 A 2
o ERA PERIOD & (i
. QUATERNARY < < < <
15-0¢ w w L o
z= 2} a a O
S TERTIARY S ) 0 a AMMONOIDEA
65 5 5¥% g = | < < <
= = | < - = = o
CRETACEOUS : | a 2 = E %
0 ' I z & 5 5 5
135 - 8 : L =& o (5] b= Q
@) I ' 4 E S e 3 9
o JURASSIC | I b o= x4 > 3
s ' | ui - T <
8 3 ) < \ o o
o 195- ~— S S B
Q TRIASSIC i b <
1 | 4
< 225 : T 5 77
%) i 1 < o g
s PERMIAN | | | g
g | 1 ! < =
> 080- 1 [ ! < a |~ 38
w < I : = 1 8 E E z
o} | = = z
o CARBONIFEROUS a | (=1 I S < 3
2z o) [ I T ' w O T
Q = | 1 = i = o —
I 345- < 4 MG P > < o
3 o i v X s = c
3 §) < ] \ \__m o < o
S DEVONIAN 5 o e = =}
N a o
o] o =
400- Q o__£ ¥
2 SILURIAN c < 4
o w |
440 - 0
9 i
ORDOVICIAN z
- PLECTRONOCERAS
I
CAMBRIAN !
| | VOLBORTHELLA
570 I

SMALL GROUP OF NAUTILOIDS (the ancestors of the modern gressively tighter ones. The belemnites had an internal chambered

chambered nautilus) called the bactritids may be the common an- shell surrounded by a soft body. Modern cephalopods have either a
cestor of the extinct ammonoids and belemnites and all the modern chambered internal shell, a laminated cuttlebone, a “pen” or, in the
cephalopods, including the cuttlefish, the squid and the octopus. The case of the octopus, a vestigial skeleton consisting of small horny sup-
small orthoconic (straight-shelled) bactritids developed into ammo- ports or a simple rod. These internal hard parts are homologues of
noids when their shells rolled first into loose coils and then into pro- the external chambered shells of the nautiloids and the ammonoids.

SEPTUM //,
y

BODY CHAMBER e . BODY CHAMBER S
e —————— e el i

SHELLS OF THE AMMONOIDS differ from those of the nauti- The complexity of the septa and septal sutures of the ammonoid shell

loids in two respects. The septa (chamber walls) of the nautiloid shells made it possible for the shell wall to be relatively thin. The other dif-
are smooth, curved surfaces. The septal sutures (lines along which ference between the nautiloids and the ammonoids is the position of
the septa intersect the inner wall of the shell) are gentle curves. The the siphuncle, the organ that empties the walled-off chambers of flu-
septa of ammonoid shells, on the other hand, are fluted at the periph- id. In the nautiloids the siphuncle generally passes through the cen-
ery, and the septal sutures are folded into complex, frilled curves. ter of the whorl; in the ammonoids it is on the outer wall of the whorl.
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pressures far lower (less than one at-
mosphere) than the pressure of seawa-
ter (about 40 atmospheres) at the depth
where the nautilus is typically found
(400 meters). The shells of the nautiloids
and the ammonoids were probably also
at least partially filled with gas.

The septa of the shells act as braces,
giving the shells enough strength to
withstand the pressure of seawater at
great depths. In most nautiloid shells the
septa are smooth surfaces, gently curved
in toward the innermost chamber of the
shell. The sutures at the intersection of
the septa and the shell wall are thick-
ened, but the suture lines are simple
curves. In most ammonoids the periph-
ery of the septa is fluted or corrugated.
The suture lines are frilled or denticu-
late (toothed) and of staggering com-
plexity compared with those of nauti-
loids. Ammonoids and nautiloids are
commonly found in the same sedimen-
tary strata, and so they probably lived at
similar depths in the ocean. The walls
and septa of ammonoid shells are much
thinner, however, than those of nauti-
loid shells of similar diameter. Thus it
appears that the architectural complexi-
ty of the ammonoid shells made them as
strong as nautiloid shells even though
they were lighter.

Perhaps as a result the ammonoids
produced shell types never evolved
by nautiloids, such as shells with a high-
ly compressed or depressed cross sec-
tion (that is, shells in which either the
height or the breadth of the opening in
the shell is exaggerated). It is probably
also no accident that the variety of shell
shapes and the number of ammonoid
species increased whenever more com-
plex septal sutures evolved. The very ra-
pidity with which shell shape (and shell
ornamentation) changed, however, sug-
gests that both features of the shell were
quite plastic and indeed may have had
little adaptive significance. Suture lines,
on the other hand, are quite conserva-
tive, so much so that they serve to estab-
lish evolutionary lineages.

The design of a typical ammonoid
shell also suggests that during most of
the history of the group shell shape and
ornamentation were not dictated solely
by their effect on the ability of the ani-
mal to elude or discourage predators.
All the Paleozoic ammonoids and al-
most all the ammonoids of the early
and middle Mesozoic had planispiral
shells, but many of the shells were poor-
ly streamlined and therefore not adapt-
ed to fast swimming. Shell ornamen-
tation varied widely, but most shells
were smooth or finely ornamented and
so gave little protection from predators.

This situation changed markedly in
the late Mesozoic, the time of what
Geerat J. Vermeij of the University of
Maryland at College Park calls the Me-
sozoic marine revolution. Late Mesozo-
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THREE TRENDS IN SHELL TYPE characterize the Cretaceous ammonites. The number of
species with streamlined, ornamented or heteromorphic (irregularly coiled) shells increased at
the expense of the species with the shell characteristic of most of the earlier ammonoids: a
nonstreamlined, smooth, planispiral shell. All three shell types can be interpreted as adapta-

tions to the presence of the more sophisticated

marine predators that arose in the Jurassic and

Cretaceous periods of the Mesozoic era. Some of the adaptations were more successful than

others. Perhaps the most marked (and in somer

espects the most surprising) trend is the increas-

ing dominance of heteromorph ammonites. The armored ammonites, however, were much less
successful; they had almost all been extinguished before the end of the Cretaceous period.

ic radiations of shell-crushing animals
such as modern clawed crabs, lobsters,
skates and rays, and the arrival of the
carnivorous gastropods, bony fishes and
many species of large air-breathing ma-
rine reptiles, greatly increased the tem-
po and éfficiency of predation in the Ju-
rassic and the Cretaceous. The ammo-
noids, themselves predators feeding on
minute marine animals, small crusta-
ceans and smaller ammonoids, may in-
creasingly have become prey or have
lost their prey to more mobile predators.
Each of the three trends in ammonite
shell type in the Cretaceous is clearly an
adaptation to which the selective pres-
sure imposed by the more efficient ma-
rine predators had given rise.

The first.trend was toward shell
shapes that made the ammonites more
agile and faster swimmers. A surpris-
ing amount of information about swim-
ming ability can be deduced from shell
shape alone. In the 19th century the En-
glish mathematician Henry Moseley
developed a geometric model for shell
coiling based on the logarithmic spiral, a
spiral in which the distance from the
point of origin increases geometrically
with each revolution. Building on this
work, David M. Raup of the University
of Chicago developed mathematical
equations in the 1960’s that generate
from four parameters of the shell a
shape comparable to that of a specimen.
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When the shell is planispiral rather than
helically coiled, only three parameters
need be considered: the shape of the
closed curve that generates the shell
when it is rotated about the coiling axis,
often given as the ratio of the breadth to
the height of the opening (S), the rate at
which the generating curve expands
with each revolution (W) and the rate at
which the generating curve moves away
from the coiling axis with each revolu-
tion (D). For example, if the generating
curve is a circle, W is large and D is
small, the result will be a tightly coiled
shell with overlapping whorls.

Rup went on to map ammonoid speci-
mens according to the S, Wand D
values of their shells. He found that
many ammonoid shells were poorly de-
signed for swimming. Two adaptations
made the ammonoids (and the nauti-
loids) free-swimming rather than bot-
tom-crawling: the development of a
phragmocone, the evacuated part of the
shell that allows the animals to achieve
neutral buoyancy, and the development
of a hyponome, the funnel-like structure
in the body cavity through which water
can be forcibly ejected.

One of the problems a swimming am-
monoid faces is the problem of attitude
control. In an ammonoid the center of
buoyancy, which is in the phragmocone,
is separated from the center of mass,
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STREAMLINED AND HEAVILY ORNAMENTED planispiral
shell types are illustrated by these ammonite specimens, a member of
the genus Placenticeras (left) and a member of the genus Douvillei-
ceras (right). The smooth exterior and compressed cross section of the
Placenticeras shell reduced drag, and the tight coiling of the shell in-
creased its hydrodynamic stability; both factors made the animal a
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HETEROMORPH AMMONITE SHELLS are in some instances so
bizarre that they were once thought to be the product of “genetic
exhaustion,” foretelling the extinction of the ammonites. Even now
the variety of the shell shapes precludes simple generalizations about
their adaptive significance. The heteromorphs shown here are (from
left to right) members of the genera Sciponoceras, Anisoceras, Nip-
ponites, Nostoceras and (lower right) Didymoceras. Most of the het-
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more agile and faster swimmer. The Douvilleiceras shell is less well
adapted for swimming because of the rough exterior, the broad cross
section, the comparatively loose coiling and the depressed umbili-
cus (the cavity around the axis of coiling). The spines and thickened
ribs of the shell may, however, have served to discourage crabs, ma-
rine reptiles such as mosasaurs and other shell-crushing predators.

7

eromorphs probably led passive, floating lives. Many early Creta-
ceous heteromorphs seem to have depended on shell ornament for
protection against predators. Late Cretaceous heteromorphs, how-
ever, particularly those with a U-shaped hook at the end of their
shell, may have floated at middle depths in the ocean and so escaped
the continental-shelf habitats of their bottom-dwelling ancestors and
perhaps also the predators that invaded them in the Mesozoic era.
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which is in the body cavity. The animals
therefore have great static stability. On
the other hand, forward thrust from the
hyponome is off-axis from the center of
buoyancy and tends to rotate the shell
away from its equilibrium position; the
opposing force generated by the dis-
placement of the mass tends to reorient
the shell. The greater the separation be-
tween the center of buoyancy and the
center of mass, the greater the restoring
force and the greater the dynamic sta-
bility of the shell. Dynamic stability
would be critical to the agility of the
animal and would also limit the speed
with which it could swim.

A nautilus shell is a good example of a
shell in which the centers of buoyancy
and mass are widely separated. Raup
found, however, that many ammonoid
shells, unlike the involute, or tightly
coiled, nautilus shell (high W, low D),
are evolute, or openly coiled (low W,
high D). The center of mass and the cen-
ter of buoyancy tend to be close together
in such shells. As a consequence the
thrust generated by the squirting of
water out of the hyponome is translat-
ed into spinning or pinwheeling motion
rather than into forward motion.

John A. Chamberlain of Brooklyn
College of the City University of New
York extended Raup’s work on ammo-
noid shell types, placing particular em-
phasis on the hydromechanical design
of the shells. To hydrodynamic stability
he added the further factor of drag: re-
sistance as the shell is pushed or pulled
through water. The shell parameter that
has the greatest effect on drag is the
shape of the generating curve, S. If the
ratio of the breadth of the shell opening
to the height is small, the curve is com-
pressed and the shell is disk-shaped. If
the ratio of the breadth of the opening to
the height is large, the curve is depressed
and the shell is globular. Clearly the
smaller the value of S'is, the less effort is
required of the animal to swim at a giv-
en velocity.

Chamberlain developed equations al-
lowing the swimming velocity of the
ammonoids to be calculated from these
shell characteristics and others. The
shell shape that would enable the ani-
mal to reach the greatest velocity would
be a compressed shell with overlapping
whorls. Chamberlain found that am-
monoid shells plotted on S, W and D
graphs clustered around the possible
shell shapes best designed for swim-
ming, but that great numbers of shells,
translating into thousands of species of
ammonoids, had shells only minimally
or poorly adapted for swimming. These
studies suggest that during most of
the history of the ammonoids efficient
swimming ability was poorly selected
for. In the late Cretaceous period, how-
ever, highly streamlined shell shapes
increased at the expense of less well
streamlined ones both regionally and

worldwide. Agility and speed had clear-
ly become advantages.

he second trend in ammonite shells
is toward increased shell ornamenta-
tion among the nonstreamlined species.
Over most of their history ammonoids
had smooth or finely ornamented shells.
Although Chamberlain and Gerd E. G.
Westermann of McMaster University
have suggested that some shell orna-
mentation may actually have decreased
hydrodynamic drag, just as the pits on
golf balls reduce aerodynamic drag,
much ammonoid shell ornamentation
seems to have no identifiable purpose.
Moreover, the pattern of ornamentation
is highly variable within a given evolu-
tionary lineage. It would seem, there-
fore, that barring substantial changes in
roughness the pattern of ornamentation
on ammonoid shells was unimportant
and evolutionarily quite plastic.
In the Cretaceous period, however,

1.0

those planispiral ammonites that did not
have streamlined shells developed large,
robust ribs, spines and tubercles. In mol-
lusks living today this type of shell orna-
mentation appears to have the purpose
of defeating attacks by shell-crushing
predators. The trend toward heavily ar-
mored shells among the ammonites can
probably be interpreted in the same way.

How effective was this particular de-
fensive strategy? Many ammonite fos-
sils from the Cretaceous bear the marks
of attacks by predators. Some shells
have been cut open by crabs. Other fos-
sils bear the tooth marks of mosasaurs
and other marine reptiles. In many in-
stances part of the shell near the opening
has been broken off. Assuming the ani-
mal was not killed, could it survive such
an attack? Once again studies of the nau-
tilus provide clues to the answer.

The phragmocone of the nautilus
shell serves primarily to buoy up the
heavy calcareous shell rather than the
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SWIMMING ABILITY OF THE PLANISPIRAL AMMONOIDS can be deduced from the
shape of their shells. David M. Raup of the University of Chicago developed equations that
will generate any shell shape based on a logarithmic spiral from four parameters of the shell.
These computer-generated line drawings show the variation of shell shape with two parame-
ters: the rate at which the cross section of the shell increases with each revolution (W) and the
rate at which the cross section moves away from the coiling axis with each revolution (D). Low
W, high D (evolute) shells are poorly adapted for swimming; high W, low D (involute) shells are
comparatively well adapted. The center of mass of evolute shells, which is in the body cavity of
the shell, tends to be close to the center of buoyancy, which is in the phragmocone: the walled-
off part of the shell. The two centers are more widely separated in involute shells. Thrust from
the directional water jet in the body cavity tends to rotate the shell away from its equilibrium
position (in which the center of buoyancy is directly above the center of mass). The greater the
separation of the centers of buoyancy and mass is, the faster the shell will reorient itself. Ani-
mals with involute planispiral shells therefore tend to be more agile and faster swimmers.
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body. The density of the shell is much
greater than the average tissue density
(2.67 grams per cubic centimeter com-
pared with 1.06 grams for the muscles
and digestive gland and 1.03 grams for
the body fluids). Eric Denton of the Ma-
rine Biological Association of the Unit-
ed Kingdom at Plymouth has estimated
that about 80 percent of the phragmo-
cone volume is needed just to buoy up
the mass of the shell. Thus any loss of
shell material causes a comparatively
large decrease in the density of the ani-
mal. If enough material is removed, the
animal is forced to the surface, where it
is at the mercy of surface predators and
is buffeted by waves and currents.

Many nautilus shells have healed
shell breaks, suggesting that the animals
have at least some ability to survive sud-
den losses in weight. The most obvious
compensatory strategy would be to refill
walled-off chambers with fluid. Until
two years ago, however, it was thought
that a nautilus at or near the surface had
only the option of increasing or decreas-
ing the rate of emptying chambers, not
of filling them.

How the nautilus empties walled-off
chambers was revealed by Denton and
John B. Gilpin-Brown of the Marine
Biological Association. They realized in
the course of studying modern cham-
bered cephalopods such as the nautilus,
the cuttlefish Sepia (which has an in-
ternal chambered cuttlebone) and the
squid Spirula (which has a small internal
chambered shell) that the chambers in

the shell or cuttlebone are originally
filled not with gas but with a saline
liquid called the cameral fluid. This
opened the way to a new interpretation
of the siphuncle, the organ that emp-
ties the chambers. The mechanism by
which the siphuncle empties the cham-
bers was worked out by Denton, Gilpin-
Brown, Lewis Greenwald and me.

In the nautilus the siphuncle is a strand
of living tissue enclosed in a calcare-
ous tube that spirals through all the
chambers of the shell, including the first
chamber to arise in the growth of the
animal. The substances dissolved in the
cameral fluid pass through the porous
outer layers of the siphuncle into the
cells of the siphuncular epithelium. En-
zymes on the folded inner membrane of
these cells pump the solute into the fine
network of infoldings. When the con-
centration of ions in the infoldings is
sufficiently great, fluid from the cham-
bers is drawn into them by osmosis,
draining from there into the blood ves-
sels at the center of the siphuncle.

At the time, never having found a
nautilus at or near the surface that was
refilling its chambers, we speculated
that the part of the siphuncle extending
into the first chambers, which are emp-
tied of fluid early, was the vestige of an
organ that could both empty and flood
the chambers of the ancestral cham-
bered cephalopods. Greenwald and 1
have since demonstrated that the nauti-
lus itself has this ability. I was recent-

ly able to study the phenomenon with
freshly captured specimens of Nautilus
macomphalus in New Caledonia. About
one out of 10 nautilus shells in this area
shows the scars of large breaks. By sim-
ulating such attacks I was able to mea-
sure the rate at which the nautilus could
refill its shell.

Within the first hour after a nautilus
was forced to the surface, liquid slowly
began to reenter virtually all the cham-
bers of its shell. The rate of refilling,
however, was quite low. The highest
rate of weight gain in 25 specimens was
less than .5 gram per hour. The total
amount of liquid that could be added to
the chambers also seemed to be limited.
No single chamber was even as much as
half refilled and no nautilus (even those
having lost as much as 25 grams of shell)
ever gained more than five grams in
weight. In the nautilus, at least, this
adaptation for compensatory buoyan-
cy change seems extremely limited.

What can be said about the ammo-
nites? Many ammonite fossils also show
healed shell breaks. In addition the
thickened ribs of ammonite shells are
oriented radially, so that breaks near the
opening of the shell, the shell’s most vul-
nerable part, would be channeled paral-
lel to it and the loss of shell would be
minimized. The anatomy and position
of the ammonite siphuncle are different
from those of the nautilus, but my stud-
ies indicate that the rate of chamber
emptying and refilling in the nautilus is
largely determined by the ratio of the
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ROBUST RIBBING, a type of defensive shell ornament, was much
commoner in Cretaceous ammonite genera than it was in earlier am-
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monoid genera. Shell ornamentation is classified as fine or coarse on
the basis of the ratio of the width of an outer rib to the shell’s diameter.
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surface area of the siphuncular epitheli-
um within any given chamber to the vol-
ume of the chamber; the ratios are quite
comparable in the nautilus and the am-
monites. The evidence is therefore in-
conclusive. Perhaps the ammonites had
a refilling system similar in capacity to
that of the nautilus; perhaps it was many
times more efficient. It is clear, however,
that they needed such a system.

he last and most pronounced trend
among the Cretaceous ammonites is
one toward heteromorphs: species in
which the shell forms differ in many
ways from the ancestral planispiral
form. A few heteromorph species ap-
peared briefly among the thousands of
planispiral species in the Triassic and
Jurassic periods. Starting about 120 mil-
lion years ago, however, large numbers
of heteromorphs began to evolve. By the
end of the Cretaceous period they made
up the majority of ammonites, both in
numbers and in number of species.
This trend is the most difficult one
to interpret. The shell forms of hetero-
morphs range from openly coiled plani-
spirals to bizarre, seemingly patternless

coils. Late in the 19th century and ear-
ly in the 20th biologists proposed that
these aberrant forms were inadaptive
end members of the long ammonoid ev-
olutionary history and foretold the final
extinction of the ammonites. This no-
tion of “typolysis,” or racial senescence,
has been discarded; today most workers
consider the heteromorphic shell forms
to be specialized adaptations to a variety
of habitats.

In their diversity of form, however,
the heteromorphs defy any simple gen-
eralization about the adaptive signifi-
cance of their shells. Early Cretaceous
heteromorph shells ranged from ortho-
cones (straight cones) to openly coiled
planispirals to anomalous forms with
an extravagant hook at the end of the
shell. In the early Cretaceous strata of
northern California, perhaps the richest
source of early Cretaceous ammonite
fossils (soon to be flooded by a dam),
many of the heteromorph ammonites
are massive and heavily ornamented.

Heavily ornamented planispiral spe-
cies are found in the same strata. The
early Cretaceous heteromorphs, like the
heavily ornamented planispiral ammo-

—

STATIC STABILITY of most heteromorphic shells is even greater than that of involute plani-
spiral shells. Arthur E. Trueman of the University of Glasgow calculated the center of mass
and the center of buoyancy for a variety of ammonite shells in the 1940’s. The position of the
center of mass is dictated by the spatial distribution of the body cavity (shaded area) and the
position of the center of buoyancy by the spatial distribution of the phragmocone. The static
stability of many heteromorphic shells is so great that the animals with these shells were proba-
bly capable of only modest changes in orientation. The normal orientation of some of these
shells would dictate that the body of the animal face the surface rather than the bottom. This
was the first clue that some heteromorphs, unlike their ancestors, were not bottom dwellers.
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nites, may have arisen from poorly
streamlined planispiral species of am-
monoids. Jost Wiedmann of the Univer-
sity of Tiibingen has shown on the basis
of suture lines that heteromorph species
in general arose from poorly stream-
lined planispiral species and often gave
rise to planispirally coiled descendants.
The plasticity of the shell type suggests
that the early heteromorph ammonites,
like the ornamented planispiral ammo-
nites, relied for survival primarily on de-
fensive ornamentation rather than on
shell form.

By the end of the first half of the Cre-
taceous many of the larger heteromorph
species had disappeared. Although giant
forms, such as certain species of the or-
thoconic genus Baculites, reappeared in
the late Cretaceous period, late Creta-
ceous heteromorphs were for the most
part smaller and more delicately orna-
mented than earlier ones. The early
Cretaceous heteromorphs, like their an-
cestors, were probably bottom-dwell-
ing animals, but many of the late Cre-
taceous species have shell adaptations
suggesting that they lived near the sur-
face or at middle depths rather than on
the bottom.

Many of the late Cretaceous hetero-
morph ammonites are helically coiled,
and their way of life has traditionally
been assumed to be similar to that of the
mollusks they most closely resemble:
the helically coiled, bottom-dwelling
gastropods. The first item of evidence
that led to a reinterpretation of their
way of life was found by Arthur E.
Trueman of the University of Glasgow.
In the early 1940’s Trueman calculated
the centers of mass and buoyancy of a
variety of planispiral and heteromorph
species of ammonites. His calculations
showed that as a rule the heteromorphs
had a much greater static stability than
the planispirals, largely because the un-
coiling of the shell usually separated
the center of mass in the body cham-
ber from the center of buoyancy in the
phragmocone. Indeed, many of the het-
eromorphs had such great static stabili-
ty that they must have been capable of
only small changes in orientation.

If the shell of the heteromorph was
coiled in such a way that the opening
(and thus the body of the animal) faced
the bottom, the stability of the shell is
not inconsistent with a deep-water exis-
tence. An increasing fraction of the het-
eromorph species that arose in the Cre-
taceous, however, had a U-shaped hook
at the end of the body chamber. The
phragmocones of these shells were
sometimes  snail-shaped, sometimes
coiled around more than one axis and
sometimes nearly patternless in their
coiling. In all cases, however, the ex-
treme separation of the phragmocone
from the body chamber would have
made the shells very stable and would



have dictated that the body of the ani-
mal face the surface, an extremely awk-
ward orientation for a bottom dweller.

The next item of evidence toward a
reinterpretation of the mode of life of
the heteromorphs was provided by Den-
ton and Gilpin-Brown, who pointed out
that the siphuncle is positioned in mod-
ern cephalopods in such a way that the
level of cameral fluid drops below it be-
fore the chamber is completely emptied.
In the nautilus the siphuncle is in direct
contact with the cameral fluid only un-
til the chamber is half empty. After the
cameral fluid is “‘decoupled” (a term in-
troduced by Denton and Gilpin-Brown)
the chamber continues to empty be-
cause the pellicle, the membrane lining
the inside of the chamber, is hydrophilic
and acts as a wick to draw fluid up to the
siphuncle. The other two modern cham-
bered cephalopod genera, Sepia and Spi-
rula, also have adaptations for decou-
pling. It would seem that the chambers
could be emptied more efficiently if the
siphuncle was oriented so that it was
constantly bathed in cameral fluid.- Are
these adaptations accidental or do they
have a functional purpose?

The chambered nautilus lives on the
seaward side of reefs where there are
often great changes in depth over very
short horizontal distances. Bruce Carl-
son of the Waikiki Aquarium in Hawaii,
Mike Weekly of the Seattle Aquarium
and I, using remote telemetry to track
specimens of Nautilus belauensis near
the island of Palau in the western Pacif-
ic, found that the animals follow the
contour of the bottom while foraging,
often traveling large vertical distances
in a short period. In general the five
specimens we tracked moved into shal-
low water at night and back into deeper
water during the day, making daily ver-
tical migrations of as much as 330 me-
ters. Spirula, a small squid, also migrates
vertically but in mid-water rather than
along the bottom.

The process of chamber emptying
takes about a month in a small nautilus
and three months in larger specimens. It
requires energy even if the animal stays
at a constant depth, because the hydro-
static pressure of seawater transferred
from the body of the animal to the blood
in the siphuncle tends to drive fluid back
into the chamber, against the osmotic
gradient set up by the enzymes in the
infoldings of the siphuncular epitheli-
um. As the hydrostatic pressure changes
with depth the osmotic gradient must
change if the nautilus is to continue
emptying a chamber or keep it from be-
ing reflooded when the animal moves to
a greater depth. It follows that some
means of decoupling the cameral fluid
from the siphuncle would be an advan-
tage. If when a nautilus changes depth
the siphuncle in one of its chambers is
decoupled, the salt concentration needs
to change only in the fluid absorbed in
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POSITION OF THE SIPHUNCLE in some heteromorph ammonites may have given them
the ability to adjust more easily to changes in depth than planispiral ammonites could, particu-
larly while the animal was growing. Although the anatomy of an ammonite’s siphuncle is
slightly different from that of a nautilus’, the mechanism by which the siphuncle emptied the
chambers of fluid was probably substantially the same. Enzymes in the siphuncular epithelial
cells establish local osmotic gradients steep enough to draw fluid out of the chambers in spite
of the pressure of seawater, which tends to force fluid in the opposite direction. As the pressure
changes with depth the osmotic gradient must change if the animal is to continue emptying
chambers when it moves to greater depths. If the siphuncle is “decoupled” from fluid in the
chambers, however, only the osmotic gradient of the wicklike inner membrane of the shell
near the siphuncle need change. In planispiral shells the old chambers rotate up and over as
new shell is added at the aperture; the position of the siphuncle in relation to the fluid in any
chamber, and thus the degree of decoupling, changes throughout growth. In some hetero-
morphic shells, such as the torticonic (snail-shaped) shell to the right, the siphuncle in any
given chamber remains in a constant position throughout growth and is generally decoupled
from the liquid. As a result of this adaptation less energy is required to evacuate chambers.

the chalky tube around the siphuncle
and in the wicklike pellicle on the inside
of the chamber rather than in the entire
volume of cameral fluid.

The decoupling of cameral fluid may
have been even more important in am-
monites than it is in the nautilus. When a
nautilus is mature, virtually all the fluid
has been pumped out of its chambers.
Recent studies of ammonites, however,
suggest that they retained some fluid in
their chambers even after they were ma-
ture. Richard Reyment of the University
of Uppsala has been able to calculate
the specific gravity of mature ammonite
shells from well-preserved fossils. He
found that the shells were much less
dense than nautilus shells. Unless the
bodies of the ammonites were much
denser than the body of the nautilus, 10
to 20 percent of the ammonite phragmo-
cone (compared with 1 or 2 percent of
the phragmocone of an adult nautilus)
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would have had to be filled with fluid to
give the animal neutral buoyancy.

he decoupling of cameral fluid in

planispiral ammonite species, how-
ever, may have been even less efficient
than that in the planispiral nautilus. As
a planispiral cephalopod adds new shell
at the shell opening the older chambers
slowly rotate up and over the body
chamber. The positions of the older
chambers are relatively unimportant in
the nautilus both because the chambers
are empty and because the siphuncle is
centrally located. In the ammonites,
however, the older chambers were prob-
ably partially filled and the siphuncle
was positioned against the outer shell
wall. Thus the siphuncle in chambers at
the top of the whorl would be decoupled
if any fluid had been removed from the
chamber, but the siphuncle in chambers
at the bottom of the whorl would be
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coupled as long as the chamber con-
tained any fluid. The changing position
of the siphuncle as the shell grew would
have made it even harder for the ani-
mal to maintain neutral buoyancy as it
changed depth.

One of the major advantages of the
heteromorphic shell shapes may have
been that the siphuncle in any given
chamber remained in a constant posi-
tion with respect to the cameral fluid as
the shell grew. The best examples of this
adaptation are the ammonite species be-
longing to the middle Cretaceous family
Turrilitidae and those belonging to the
middle to late Cretaceous family Nosto-
ceratidae. In both of these families the
shells are helically coiled. In a planispi-
ral shell the axis of coiling is horizontal;
in a helicoid shell the axis of coiling is
vertical. As a result in the course of shell
growth the chambers in a planispiral
shell are in effect on a Ferris wheel and
the chambers in a helicoid shell are on a
merry-go-round.

The siphuncle in a helicoid shell isin a
slightly different position with respect to
the cameral fluid in successive whorls of
the shell but maintains its position as the
shell grows; the siphuncle in a planispi-
ral shell does not do so. Moreover, in
many species of these two ammonite
families the siphuncle migrated high up
on the flank of the shell, so that the de-
coupling of the cameral fluid came soon
after the chamber began to be emptied.
The migration of the siphuncle, together
with the constant position of the siphun-
cle throughout growth, meant that most

of the chambers in the phragmocone
were decoupled, even if most of them
retained some cameral fluid. Therefore
the heteromorphs seem to have gained a
more efficient system for the mainte-
nance of neutral buoyancy at the ex-
pense of reduced streamlining.

The great stability of the heteromor-
phic shells and the adaptations they
show for the decoupling of cameral fluid
have led some workers, such as Andrew
Packard of the University of Edinburgh
and Herbert Klinger of South Africa,
to concur with my supposition that at
least some heteromorph species lived
at middle depths rather than on the
ocean bottom. Many modern cephalo-
pods, such as members of the genus Spi-
rula and the cranchid squids, float like
balloons at middle depths, moving into
shallower waters at night and slowly
sinking back into deeper daytime habi-
tats. Some of the heteromorph ammo-
nites may have been capable of such a
mode of life and so have escaped from
the shallow shelf habitats of the Creta-
ceous ammonites.

11 three shell types (streamlined plani-
spiral shells, heavily ornamented
planispiral shells and heteromorphic
shells) had appeared at some point in the
long history of the ammonoids. What
sets the Cretaceous period apart is the
sudden increase in the numbers of spe-
cies with these shell types at the expense
of species with poorly streamlined and
weakly ornamented planispiral shells,
the dominant shell type throughout
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REDUCTION IN DIVERSITY that preceded the complete extinction of the ammonites at
the end of the Cretaceous has an interesting pattern. The 300-million-year history of the am-
monoids is characterized by the rapid evolution and extinction of many short-lived taxa. The
average lifetime of ammonite genera increased during the Cretaceous, however, at the same
time that the number of genera dropped precipitously. The reduction in diversity was almost
entirely due to the extinction of high-turnover taxa. Why the remaining long-lived (holdover)
taxa, some of which closely resembled contemporary nautiloids, became extinct is still unclear.
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most of the history of the ammonoids.

In the last stages of the Cretaceous
(the Campanian through the Maestrich-
tian) the number of species of ammo-
nites dropped sharply. There is an inter-
esting pattern to this reduction of diver-
sity. Philip W. Signor of the University
of California at Davis and I have ana-
lyzed the trends in the origin and extinc-
tion rates of families, genera and species
of Jurassic and Cretaceous ammonites.
The average lifetime for ammonite gen-
era in these periods was about seven mil-
lion years. William J. Kennedy of the
University of Oxford and William A.
Cobban of the U.S. Geological Survey
have estimated that the average lifetime
of ammonite species was between one
and two million years. Scattered among
these short-lived taxa, however, are a
few genera and species that were far
more durable; some genera survived for
as long as 100 million years. Our studies
show that the average lifetime of ammo-
nite genera increased toward the end of
the Cretaceous. In other words, the re-
duction in ammonite diversity was al-
most entirely due to the extinction of
short-lived taxa.

Perhaps not surprisingly, the extinc-
tion of short-lived taxa with heavily or-
namented and nonstreamlined shells ac-
counts for most of the reduction in di-
versity at the end of the Cretaceous.
That left comparatively few taxa but
comparatively long-lived ones, most of
which had heteromorphic or stream-
lined shells. The argument could easily
be made that the great reduction in di-
versity was therefore not necessarily a
precursor of the complete extinction of
the ammonites.

The fate of the remaining species of
ammonites is still not clear. The reason
is that the extinction of the ammonites
came at a time when shallow ocean ba-
sins, the preferred habitat of ammo-
nites, were reduced in area worldwide.
Most stratigraphic sections encompass-
ing the transition between the Creta-
ceous and the Tertiary periods are there-
fore deep-sea sediments that lack large
fossils such as ammonites. So far only
two stratigraphic sections that record
the final one to two million years of the
history of the ammonites have been un-
covered. In both of these sections fossils
of about 10 species of ammonites have
been found in upper Maestrichtian stra-
ta. In both roughly half of the fossils
belong to genera that have compressed,
streamlined shells, such as Sphenodiscus
and Pachydiscus, and half belong to het-
eromorph genera such as Scaphites, Ba-
culites and Diplomoceras. Unfortunately
the stories the sections tell are otherwise
contradictory.

At the Stevns Klint section in Den-
mark, Tove Birkelund of the University
of Copenhagen found ammonites of
various sizes immediately below strata
containing higher than normal concen-



trations of iridium, one of the platinum-
group elements the Alvarezes and their
colleagues suggest are derived from a
meteorite impact. Recently, however,
Wiedmann and I were able to collect
large numbers of ammonites from the
late Cretaceous section at Zumaya in
Spain. As in the Danish section, ammo-
nites are profusely strewn throughout
most of the Cretaceous strata; hundreds
of fossils can be collected from the
beautifully exposed bedding planes.

At about 15 meters below the iridi-
um anomaly in the Zumaya section the
number of ammonites gradually falls
off. The youngest ammonite in any
collection from Zumaya comes from
10 meters below the boundary, even
though other large fossils such as echi-
noids and bivalves are found immedi-
ately below and above the boundary.
This evidence is negative and could be
overturned by the finding of a single new
ammonite specimen. Even if a speci-
men were found immediately below the
boundary at Zumaya, however, it would
not change the fact the ammonites had
virtually disappeared from the region
long before the proposed impact of a
meteoritic body.

Aly hypothesis about the fate of the
ammonites must take into account
one final question. Why should even the
long-lived ammonite species have died
out at the end of the Cretaceous when
the nautiloids survived? Perhaps no de-
finitive answer will ever be given. My
best guess is that the reproductive strate-
gy or perhaps some aspect of the ecolo-
gy of the adults saved the nautiloids.
Plankton, the small floating plants and
animals of the sea, had the highest rate
of extinction of any group of marine or-
ganisms at the end of the Cretaceous; 90
percent of all plankton species were ex-
tinguished. Juvenile ammonites hatched
from small eggs, with shells no larger
than one millimeter in diameter, may
have spent their first days or weeks as
members of the plankton. The juveniles
of nautiloids from the Mesozoic onward
seem, on the basis of the form of their
shells, to have hatched at a much larger
size (from five to 25 millimeters). Juve-
nile nautiloids probably spent no time as
members of the plankton and immedi-
ately assumed the near-bottom deep-
water foraging mode of life characteris-
tic of the adults. The ammonites may
thus have been caught up in the collapse
of the plankton ecosystems, either as ju-
veniles or as adults feeding lower down
on the food chain than the nautiloids.

For whatever reason, the nautiloids
survived the crisis at the end of the Cre-
taceous and even went on to radiate
modestly in the Tertiary period of the
Cenozoic era. The low diversity of mod-
ern nautiloids suggests, however, that
the time for chambered shells, no matter
how well engineered, is past.
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Bilateral Negotiations
and the Arms Race

A historical review of the negotiating positions of the U.S.

and the U.S.S8.R. in several major arms-control talks suggests

that each side has special problems in dealing with the other

hy isitso hard for the U.S. and
the U.S.S.R. to negotiate mu-
tually beneficial arms-control

agreements? The question arises most
pointedly in the context of the pro-
longed bilateral talks now under way in
Geneva on the limitation of intermedi-
ate-range nuclear weapons in Europe
and on the reduction of strategic, or
long-range, nuclear arms in general. It
applies equally, however, to other at-
tempts—past, present and future—by
the two superpowers to resort to direct
diplomatic means to moderate the arms
race and help reduce the chances of nu-
clear war. In my view there are certain
important idiosyncrasies in the negotiat-
ing positions of both parties that make it
particularly difficult for them to reach
such agreements. To show what I mean [
shall review here the historical back-
ground and current status of several ma-
jor lines of arms-control negotiations. In
so doing I shall draw in part on my ex-
perience as a participant in such ses-
sions, particularly in the latest round
of the longest-running nuclear-arms-
control discussions of all: the sporadic,
25-year-old effort to achieve a compre-
hensive ban on nuclear-weapons tests.
The first concrete step toward control-
ling the nuclear-arms race was the mor-
atorium on nuclear testing that was ob-
served by both the U.S. and the U.S.S.R.
from 1958 to 1961. Two main factors
lay behind this achievement. One was
external: public concern expressed in in-
creasingly urgent terms, both in the U.S.
and abroad, about the dangers of radio-
active fallout from aboveground nucle-
ar tests, aroused largely by the acciden-
tal exposures to radioactivity resulting
from the U.S. Bravo test in the Pacific in
1954. The other factor was internal: a
deepening concern on the part of Presi-
dent Eisenhower and some of his advis-
ers (and apparently also on the part of
Premier Khrushchev and some of his
advisers) about where the nuclear-arms
race was heading, joined with a determi-
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nation on both sides to find and take a
suitable first step in the direction of do-
ing something about it. The moratorium
was not the result of a bilateral negotia-
tion; it was supported by nothing more
than a pair of matched unilateral public
statements to the effect that “we shall
refrain from further nuclear-weapons
tests if you will.”

In President Eisenhower’s view the
main purpose for declaring a moratori-
um was to create a political climate con-
ducive to the negotiation of a detailed
treaty on the subject of testing. Unfortu-
nately the negotiations became dead-
locked at an early stage over an issue
that has continued to plague attempts to
negotiate such bilateral arms-control
agreements ever since. In brief, the
American negotiators were not satisfied
with the verification procedures the
Russian negotiators were willing to dis-
cuss, and the Russians in turn charged
that the Americans were actually inter-
ested only in spying and wanted far too
much in the way of intrusions on their
national sovereignty. In this case the is-
sue revolved around the problem of de-
tecting and identifying underground test
explosions. The U.S. held that the prob-
lem could be handled adequately only
on the basis of a system of fairly intru-
sive and mandatory on-site inspections,
and the U.S.S.R. was unwilling to accept
any such arrangement.

Ater negotiations on a treaty had been
under way for more than a year
President Eisenhower became dissatis-
fied with their pace, and partly in re-
sponse to pressure from critics within
his administration he announced that
the U.S. was no longer bound by its
pledge not to test but would not resume
testing without giving notice. Several
days later Premier Khrushchev declared
that in that case the U.S.S.R. was also no
longer bound by its pledge not to test
but would not begin testing again unless
the Western nations did so first. A few
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months later, in early 1960, France con-
ducted its first nuclear test. Even so, nei-
ther the U.S. nor the U.S.S.R. resumed
testing immediately. Finally, more than
a year later, the U.S.S.R. suddenly ini-
tiated a major series of nuclear tests,
thus ending the bilateral moratorium.

This action on the partof the U.S.S.R.
has often been cited as an example
of Communist perfidy. It was indeed
wrong, I believe, but it was not perfidi-
ous, since no agreement—either tacit or
explicit—to refrain from such tests exist-
ed at the time. In any case the U.S. re-
sponded quickly with a major test series
of its own. Finally, as a result of the
alarm produced by the Cuban missile
crisis of October, 1962, negotiations
were resumed, and in 1963 President
Kennedy and Premier Khrushchev fi-
nessed the problem of how to verify a
ban on underground tests by negotiating
and signing the Limited Test Ban Trea-
ty, which banned tests in the atmos-
phere, outer space and underwater but
allowed them to continue underground.

Following this qualified success the
U.S. and the U.S.S.R. continued to ex-
plore the possibility of a ban on all nu-
clear tests, but they were unable to re-
solve the fundamental issue of verifica-
tion. Some additional partial measures
were eventually achieved, however, in-
cluding the Threshold Test Ban Treaty
of 1974 and the Peaceful Nuclear Ex-
plosions Treaty of 1976. In addition the
closely related and very important Non-
Proliferation Treaty and the treaty es-
tablishing a Latin-American nuclear-
weapon-free zone (the Treaty of Tlatel-
olco) were signed, both in 1968. The
goal of a comprehensive test ban, how-
ever, has remained elusive.

In 1977 President Carter included the
negotiation of a comprehensive test ban
among his top arms-control priorities.
By that time the position of the U.S.S.R.
with regard to on-site inspections had
evolved to the point where it was willing
to accept a voluntary form of on-site
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inspection; meanwhile, the U.S. position
had evolved to the point where it was
willing to accept a carefully hedged
form of voluntary on-site inspections in-
stead of mandatory ones. In addition the
Russians indicated their willingness to
accept a substantial number of specially
designed and constructed “national seis-
mic stations” on their territory. Between
10 and 15 of these stations were to be
built according to agreed specifications
and provided with cryptologic systems
that would guarantee that the data
stream received from them was continu-
ous and unmodified.

The details of a treaty were only
about half worked out when external
events slowed the negotiations to such
an extent that it became impossible to
complete the process before the end of
President Carter’s term. Among the ex-
ternal factors were unanticipated diffi-
culties in the second phase of the stra-
tegic-arms-limitation talks (SALT II),
which were going on at the time, the
seizure of U.S. hostages in Iran and the
Russian intervention in Afghanistan.
The Carter round of test-ban negotia-
tions was adjourned indefinitely a week
after the 1980 elections.

he Reagan Administration decided

immediately after taking office not
to resume the negotiations, but it contin-
ued to debate for almost a year and a
half its reasons for not doing so. One
group argued that the administration
should simply declare that as long as the
U.S. relied on nuclear weapons as an
important element of its defense strate-
gy, it would be necessary to continue
testing them, and so a comprehensive
test ban would not be in the nation’s
interest for the foreseeable future. A
second group argued that the main
problem was that there still was no ade-
quate system for verifying a ban on un-
derground tests (the implication being
that if there were, the U.S. might then be
willing to negotiate an agreement). The
second group eventually won the inter-
nal debate, and the current official posi-
tion is that a comprehensive test ban re-
mains a “long-term goal” of the U.S. but
that “international conditions are not
now propitious for immediate action on
this worthy project.”

In recent years, including the entire
tenure of the Carter Administration, the
Joint Chiefs of Staff have consistently
and forcefully argued that a compre-
hensive test ban would not be in the best
interests of the U.S., whether or not it
could be adequately verified (and they
did not believe it could be). In particu-
lar, they asserted that as long as the na-
tion maintains a stockpile of nuclear
weapons it will continue to be necessary
to conduct at least occasional tests to be
confident that the weapons in the stock-
pile are still in working order. The Joint
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Chiefs based this position on the advice
given to them by their own advisers in
the Defense Nuclear Agency and on the
advice of most of the experts in the nu-
clear-weapons laboratories. The issue of
“stockpile reliability,” as it is called, has
continued to be the principal basis for
the opposition to a comprehensive test
ban in both the Department of Defense
and the Department of Energy.

The main argument in favor of a com-
prehensive test ban in recent years has
been that it is an essential element of the
nation’s nonproliferation policy. In par-
ticular, it is usually pointed out that the
Non-Proliferation Treaty, which has
been signed or acceded to by a large
majority of the world’s nations, calls for
“good faith” negotiations by the super-
powers to end the arms race and ulti-
mately to eliminate their nuclear weap-
ons, and the seriousness with which they
approach the test-ban issue is widely
taken as a measure of their good faith in
the matter.

The verification issue remains highly
controversial. In brief, large- and mod-
erate-yield nuclear explosions can be
readily detected and identified by means
of remote sensors but very small ones
cannot. The boundary separating the
two classes of events is indistinct, how-
ever, and that leads to widely varying
interpretations of the data, depending
on the predisposition of the person inter-
preting them.

From the beginning of the nuclear age
the dominant view in both the U.S.
and the U.S.S.R. has been that the inter-
ests of both countries and indeed of the
world would be best served if there were
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no other nuclear powers, or at any rate
as few as possible. This is one of the rare
instances in which both the Americans
and the Russians seem to be fully aware
that their interests are exactly parallel.
The U.S. has devised a number of spe-
cific policies and actions designed to
promote the goal of the nonprolifera-
tion of nuclear weapons, sometimes uni-
laterally and sometimes in concert with
other nations. Among the measures tak-
en were the creation of the International
Atomic Energy Agency, the passage by
Congress of the Nonproliferation Act of
1978 and numerous diplomatic initia-
tives involving such matters as severely
limiting the reprocessing of spent fuel
from nuclear reactors and placing re-
strictions on the sale of nuclear-power
equipment. Last but certainly not least
there is the Non-Proliferation Treaty of
1968, which went into force in 1970.
In essence the Non-Proliferation
Treaty can be viewed as an attempt to
divide the nations of the world perma-
nently into two categories: one consist-
ing of those nations that already had nu-
clear weapons and that were pledged not
to help anyone else obtain them, and the
other made up of those nations that did
not have nuclear weapons then and
promised to forgo them forever. In re-
turn for the promise not to acquire nu-
clear weapons the non-nuclear nations
exacted two promises from those signa-
tories that already had them. One prom-
ise was that the “haves” would help
the “have-nots” acquire the technology
needed to enable them to benefit fully
from the peaceful applications of nucle-
ar energy; the other was that the “haves”
would undertake serious negotiations to
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end the nuclear-arms race and eventual-
ly eliminate their own nuclear weapons.
The treaty also calls for a review of the
overall situation every five years. At
both of the first two.review conferences
(in 1975 and 1980) many participating
countries complained that neither of the
superpowers was living up to the special
obligations described above. In spite of
these complaints there have been no de-
fections from the treaty, and more im-
portantly there has been no further nu-
clear-weapons proliferation since the
treaty was signed.

There are of course cases where fur-
ther proliferation could happen soon

-
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(India, Pakistan, Israel, South Africa,
Argentina and Brazil, for example), but
so far even those countries that have evi-
dently advanced quite far down the road
toward a nuclear-weapons capability
have refrained from testing or otherwise
overtly establishing themselves as nu-
clear-weapons states. (This observation
applies even to India, which exploded a
nuclear device 10 years ago but has not
created a nuclear-weapons force.) Sure-
ly the policies and actions described
here, including in particular the Non-
Proliferation Treaty, must be viewed as
a large part of the reason for the long
and quite unexpected delay in the ap-

pearance of additional nuclear powers
beyond the five that have had a nuclear-
weapons force since China became a
member of the club in 1964.

In spite of this generally successful
record it must be noted that some very
important nations have refused to sign
the Non-Proliferation Treaty, including
China, France, Cuba, India, Argentina,
Brazil and Israel. In the case of France
and China the omission is particularly
serious, but at least each of them has
pledged to live up to the spirit of the
treaty even while refusing for political
reasons to formally adhere to it.

President Johnson early in his term of
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remain unratified by the U.S. Senate: the Threshold Test Ban Trea-
ty (signed by President Nixon in 1974), the Peaceful Nuclear Explo-
sions Treaty (signed by President Ford in 1976) and the SALT II Trea-
ty (signed by President Carter in 1979). The U.S. and the U.S.S.R.
are currently engaged in two nuclear-arms-control negotiations in
Geneva: the Strategic Arms Reduction Talks (START) and discus-

sions on the limitation of intermediate-range nuclear weapons in
Europe. (Such weapons are technically known as long-range theater
nuclear forces, or LRTNF.) Negotiations aimed at achieving a com-
prehensive nuclear-test ban and an agreement to forestall the fur-
ther development and deployment of antisatellite (ASAT) weapons
have apparently been abandoned by the Reagan Administration.
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office proposed a freeze on the further
development or deployment of strate-
gic delivery systems.' After some discus-
sion of the proposal at the Geneva arms
talks, President Johnson met with Pre-
mier Kosygin in Glassboro, N.J., where
they discussed the matter privately. It
was on this occasion that Secretary
of Defense Robert S. McNamara, who
was also present, first formally raised
the idea of initiating such a freeze by
prohibiting the deployment of anti-bal-
listic-missile (ABM) systems. Premier
Kosygin rejected the idea on the ground
that ABM weapons were purely defen-
sive and that it was, after all, only offen-
sive weapons that threatened the lives of
many millions of people. Secretary Mc-
Namara and other Americans, however,
persisted in arguing at various public
and private meetings that the develop-
ment and deployment of ABM systems
stimulated the arms race just as much as
the development and deployment of of-
fensive systems because of an ‘“‘action-
reaction cycle” in which the develop-
ment of defensive weapons promoted
the development of new offensive weap-
ons. Eventually the Russians came
around to this point of view.

President Johnson’s attempts to initi-
ate formal bilateral negotiations on the
limitation of strategic arms were thwart-
ed by the Russian intervention in Czech-

oslovakia in 1968. Only after President
Nixon took office in 1969 and the inter-
national scene had calmed down was it
possible to get what is now known as the
SALT process under way. The first se-
ries of these talks (SALT I), concluded
in 1972, resulted in two achievements: a
treaty that severely limited the deploy-
ment of ABM systems and an execu-
tive agreement that temporarily froze
the deployment of land-based and sea-
based offensive missiles at numbers
equal to those already deployed plus
those whose deployment was under way
at the time the agreement was signed.
The net result was a rough strategic bal-
ance that was intended not to be an end
in itself but to serve as the basis for fur-
ther negotiations whose ultimate aim
was to produce a situation of actual
overall parity at a much lower level of
total deployments.

ne of the principal residual prob-

lems of the SALT I agreements was
that the U.S.S.R. was left with a sub-
stantial number of very large missiles
(designated SS-18’s by Western sour-
ces), whereas the U.S. had no missiles
of comparable size. In the early 1970’s,
before highly accurate MIRV’s (multi-
ple independently targetable reentry ve-
hicles) were fully developed and wide-
ly deployed, this imbalance did not

seem serious to most observers, but in
recent years, with the perfection of
high-multiplicity MIRV systems and
the achievement of very high accura-
cies by the U.S.S.R. as well as by the
U.S., the issue of the SS-18’s has come
to be widely seen as a serious matter.
The new developments increase the vul-
nerability of the land-based component
of the U.S. “triad,” the leg on which U.S.
defense policy places the most reliance.

The next step after SALT I was the
Vladivostok Agreement of 1974, signed
by President Ford and President Brezh-
nev. In essence it was intended to estab-
lish general guidelines for the detailed
SALT II negotiations, which had al-
ready started in Geneva. The guidelines
called for an ‘“equal aggregate limit
on delivery vehicles” of 2,400 and an
“equal aggregate limit on MIRV sys-
tems” of 1,320. The effort to transform
the Vladivostok guidelines promptly
into a formal treaty ran afoul of both
technical and political problems. The
technical problems had to do with cruise
missiles and the Russian ‘“Backfire”
bomber; the political problems arose
from increasing disillusionment about
détente and the challenge to President
Ford’s nomination by the right wing of
the Republican party.

In 1977 the SALT II negotiations be-
came the principal element of Presi-
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dent Carter’s arms-control policy. At
first President Carter proposed some re-
ductions in the number of deployed sys-
tems below the Vladivostok aggregates,
a 50 percent cut in the Russian heavy
missiles (modern versions of which were
barred to the U.S. entirely) and limits
on tests, improvements and numbers of
MIRVed intercontinental ballistic mis-
siles (ICBM’s). The latter provisions
were intended to forestall any further
worsening of the problem of ICBM vul-
nerability and generally reduce techno-
logical pressures on the arms race. The
U.S.S.R,, however, insisted on staying
within the Vladivostok framework. The
SALT Il negotiations were completed in
Geneva and in a series of high-level
meetings over the next two years, and
the resulting treaty was signed by Presi-
dent Carter and President Brezhnev in
Vienna in 1979.

The SALT II Treaty basically kept the
Vladivostok framework. It set an over-
all limit on strategic nuclear delivery ve-
hicles of all kinds at 2,250 for each side,
and within thatlimititprovided a nested
series of sublimits, setting a ceiling of
1,320 on MIRVed systems of all kinds
(including heavy bombers with long-
range cruise missiles), a ceiling of 1,200
on MIRVed ballistic missiles and a ceil-
ing of 820 on MIRVed ICBM’s. It also
limited each side to only one new type of

ICBM, banned major changes in exist-
ing systems and set specific limits on the
number of reentry vehicles that could be
placed on the one new ICBM and on
each type of existing ICBM. In addition
temporary limits on ground-launched
cruise missiles (GLCM'’s), sea-launched
cruise missiles (SLCM’s) and mobile
ICBM'’s were intended to provide time
for the negotiation of longer-term agree-
ments on these systems.

Much of the criticism of the SALT
II Treaty in the U.S. grew out of wide-
spread frustration over the nation’s in-
ternational troubles, exaggerated fears
of nuclear inferiority (stimulated by
right-wing critics at home) and lack of
confidence in President Carter’s compe-
tence in security matters generally and
his commitment to military programs in
particular. In addition the impending
presidential election made Republican
senators reluctant to hand a major for-
eign-policy victory to a weakened oppo-
nent. In spite of broadly based satisfac-
tion with the overall terms of the treaty
itself, there were several particular trea-
ty issues that raised serious questions in
the minds of those senators and other
political figures who took an extreme-
ly cautious view of the entire arms-con-
trol process.

One such issue was that SALT II, like
SALT I before it, did nothing to allevi-

ate the heavy-missile problem other
than to put a rather high cap on the num-
ber of warheads each type of missile
could carry. A second issue involved
the Backfire bomber, an aircraft that is
technically capable of reaching the U.S.
under certain unusual circumstances.
Some American observers asserted that
the Backfire was therefore an interconti-
nental bomber that must be included un-
der the ceilings. The U.S.S.R. contended
(and many American observers agreed)
that the Backfire’s mission was only that
of an intermediate-range bomber, and
so it should not be included, particularly
since the U.S. medium-range aircraft in
Europe capable of reaching the U.S.S.R.
had been excluded at Vladivostok over
the strong objections of the U.S.S.R. A
third issue involved the encryption of
certain test data broadcast by Russian
missiles during test flights. This last sub-
ject is a rather arcane one that cannot be
usefully elaborated in an unclassified
discussion. Suffice it to say that most
of the professionals who were then in-
volved believed the matter had been
adequately handled.

On the Russian side the principal is-
sue raised after the Vladivostok
meeting concerned cruise missiles,
which the U.S.S.R. wanted sharply con-
strained. (To avoid limitations on exist-
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China have tested in the atmosphere since then.) The figures were
supplied by the Stockholm International Peace Research Institute.
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ing Russian cruise missiles the Russian
negotiators insisted that any limits apply
only to missiles with a range of more
than 600 kilometers.) The issue took
on added urgency with the discussion
among the member states of the North
Atlantic Treaty Organization (NATO)
of the possible deployment of ground-
launched versions of such systems in
Europe, together with President Car-
ter’s decision to cancel the B-1 bomber
and to emphasize the deployment of air-
launched cruise missiles (ALCM'’s) on
bombers based in the continental U.S.

In the case of long-range ALCM’s the
principal issue was not a ban but how
the missiles were to be counted. Was a
bomber carrying ALCM’s to be counted
as a single delivery vehicle no matter
how many missiles it carried (as is the
rule for a bomber carrying bombs or
short-range cruise missiles) or was each
ALCM to be counted as an individual
delivery vehicle (as in the case of sub-
marine-launched ballistic missiles)? The
U.S.S.R. finally agreed to a complex
compromise counting only the bombers,
with the provisos that no existing type of
bomber could be equipped with more
than 20 cruise missiles and that the aver-
age number of cruise missiles on all
bombers so equipped could not exceed
28. In addition if the number of bomb-
ers equipped with cruise missiles were
to exceed 120, then the number of
MIRVed missiles would have to be cor-
respondingly reduced.

With regard to ground-launched and
sea-launched cruise missiles the U.S.
sought to have no limits applied, be-
cause other intermediate-range systems
(such as the new Russian SS-20 missile)
were not being limited in the agreement;
the U.S.S.R. wanted a total ban. In the
end testing and development were per-
mitted, but deployment was suspended
until the end of 1981 in order to allow
further negotiations.

Eventually all these issues were re-
solved to the satisfaction of the two
presidents and most of their advisers,
but they continued to provide the basis
for opposition to the treaty within the
U.S. body politic, and as a result the
ratification process was delayed. Ulti-
mately external events—the matter of
the “Russian Brigade” in Cuba, the hos-
tage crisis in Iran and the Russian inter-
vention in Afghanistan—overtook the
process and brought the attempt to rat-
ify the treaty to a full stop. Carter Ad-
ministration officials involved in the
effort (including myself) remain con-
vinced that for all the troubles the treaty
had on Capitol Hill, it would in the end
have been ratified but for the Russian
intervention in Afghanistan.

During the presidential campaign of
1980 Ronald Reagan and his supporters
severely criticized SALT II, calling it
“fatally flawed,” sometimes on the basis

of the issues I have cited. Immediately
after the election President Reagan
withdrew the SALT II Treaty from any
further consideration by the Senate, but
he declared the U.S. would abide by it
as long as the U.S.S.R. did, and he ini-
tiated a new round of negotiations,
called START (Strategic Arms Reduc-
tion Talks), as a means for generating a
treaty more to his liking and that of his
supporters. He also placed special em-
phasis on the need for major reductions
in the number of deployed systems, in
particular those that have very short
flight times (both land-based and sea-
based ballistic missiles) and are there-
fore felt to be particularly destabilizing.

pecifically, it has been reported that
the opening U.S. negotiating posi-
tion at START called for an overall re-
duction in the number of ballistic deliv-
ery systems by more than 50 percent (to
850 ballistic missiles bearing not more
than 5,000 reentry vehicles altogether)
and also a reduction of 50 percent in
heavy ICBM’s. In addition the U.S. posi-
tion is said to be that consideration of
limitations on bombers and cruise mis-
siles must be deferred until a later time.
It has alsq been reported that the origi-
nal position of the U.S.S.R. called for a
reduction in the number of delivery ve-
hicles of all types (including bombers)
to 1,800 for each side, a figure first
proposed by President Carter in 1977
and forcefully rejected by the U.S.S.R.
at that time. Recently President Reagan
has said he would be more flexible on
some of these issues, and he has specifi-
cally stated that the total number of bal-
listic missiles could be somewhere be-
tween the American and Russian open-
ing figures.

From the point of view of the U.S.S.R.
the main fault in the U.S. position is that
it places sole emphasis on those deploy-
ments in which the Russians have an ad-
vantage and ignores those in which the
U.S. has an advantage. From the Ameri-
can point of view the main fault in the
Russian position is that it apparently
continues to ignore the very important
heavy-missile problem.

In addition to the issues I have been
describing, which have for some years
formed the basis for controversy both
within the U.S. national-security com-
munity and between the U.S. and the
U.S.S.R., two other issues have become
increasingly important. One is the is-
sue of mobile missiles, which has arisen
mainly because of some of the proposed
deployment modes for the MX, the
projected successor to the Minuteman
ICBM. The other is the matter of “re-
load capability.” It is easy to count mis-
sile silos, but it is not easy to count the
missiles themselves. Therefore if either
side were to build and hold in reserve
a number of missiles comparable to
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the number of silos, a new and serious
source of potential instability would re-
sult. It remains to be seen whether the
current situation will become dead-
locked or whether there will be progress
in overcoming these problems, but I for
one am not optimistic.

There has been a great deal of public
discussion in the U.S. of American con-
cessions—real and imagined—made in
the course of postwar arms-control ne-
gotiations with the U.S.S.R. Western
folk history, however, contains virtual-
ly nothing about Russian concessions,
even though the U.S.S.R. has made a
number of important ones. One such
concession has to do with the definition
of the term “strategic delivery system.”
It has always been the U.S. position that
a strategic delivery system is one that is
deployed either in its home territory or
at sea and that can reach the home terri-
tory of the other country from that de-
ployment site. On the other hand, the
Russian position has always been that a
strategic delivery system is a system that
is able to reach either home territory
from its deployment site no matter
where the site is.

This difference in viewpoint arises
from the very different geopolitical situ-
ations of the two superpowers, and it
shows up most sharply in the case of
“forward-based systems,” that is, those
medium-range U.S. systems that are
currently deployed in Europe and that
can reach the U.S.S.R. only when so
deployed. The U.S. has consistently re-
fused to count such systems in the SALT
totals, and the U.S.S.R. has consistently
contended that they should be included.
So far the Russians have accepted the
American view in this matter. (Such sys-
tems are evidently now included in the
separately organized talks in Geneva on
intermediate-range weapons.)

Asecond Russian concession involves
the British and French nuclear
forces. The U.S.S.R. contends that the
long-range delivery systems of these two
NATO countries should be included in
the SALT totals. The U.S. contends that
SALT is strictly bilateral and so only
the forces of the U.S. and the U.S.S.R.
should be counted. In the SALT I agree-
ment the Russians said they would ac-
cept the U.S. position provided that the
British and French together did not de-
ploy more than nine ballistic-missile
submarines (more precisely, that the to-
tal number of submarines deployed by
the U.S., Britain and France not exceed
50). The U.S. refused to acknowledge
even this limitation, but the matter re-
mains moot because that number has
not been exceeded.

A third major concession by the
U.S.S.R. involves the procedure for
counting ALCM’s on U.S. bombers. As
long as the total number of these cruise
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missiles remains lessthan 3,000 and cer-
tain counting rules are satisfied, only the
number of bombers so equipped, but
not the number of cruise missiles, need
be counted and limited under the SALT
ceilings. Asin the case of the much more
widely reported U.S. concessions, the
U.S.S.R. has apparently made these con-
cessions and others in a serious spirit of
compromise in order to produce a mu-
tually beneficial result.

Just a few weeks before the 1980
presidential elections the U.S. and the
U.S.S.R. initiated negotiations designed
to limit or eliminate intermediate-range
missiles in Europe (technically known in
the West as long-range theater nuclear
forces). These negotiations are still in
progress. Both general and particular
factors contributed to the negotiations.
The general factor is that there are a
great many nuclear weapons (10,000 or
more) deployed in or aimed at Western
Europe, and yet very few of them are
included in the START negotiations.
The particular factor arises out of the
Russian deployment of the SS-20, the
first new weapon in its class in about
20 years. The deployment of the SS-20
began in 1977 and has been proceeding
steadily ever since. By 1978 the situation
had reached the point where many peo-
ple in the Western countries became
convinced that some kind of reply was
necessary, at least for political reasons if
not for strictly military ones.

At about this time Chancellor
Schmidt of the Federal Republic of Ger-
many made a speech in which he fo-
cused special attention on the situation;
he asserted there was a need for some
sort of highly visible land-based NATO
system that would roughly counterbal-
ance the SS-20. In December, 1978, in
response to this growing concern, the
NATO Council adopted what has be-
come known as the “‘two-track™ ap-
proach. One track called for the de-
velopment and deployment of such a
NATO system, and the other called for
negotiations designed to make such a
system unnecessary. One result of this
dual approach was the decision by the
U.S. and its NATO allies to deploy on
land in Europe 572 intermediate-range
missiles of two new types: the ground-
launched cruise missile and the Pershing
II, a modernized, longer-range version
of the Pershing IA missile. As of this
writing, neither has been deployed but
the latter is expected to be later this year.

he other result of the two-track ap-

proach was the initiation of strictly
bilateral talks between the two super-
powers on this subject in Geneva in late
October, 1980. The talks had hardly be-
gun when the U.S. election results came
in and both governments knew they
would have to wait until the dust settled
before anything could be accomplished.



After some months of study the Reagan
Administration resumed the negotia-
tions and proposed what is known as the
“zero-zero option.” This proposal called
for the elimination of all Russian medi-
um-range missiles, including the SS-20’s
(or at least those west of the Urals), in
return for a promise by the Western
countries to forgo their plan to deploy a
counterbalancing force. The response of
the U.S.S.R., coming early in the new
Andropov administration, proposed
that the U.S. eliminate its plans to de-
ploy any such missiles, and that the Rus-
sians reduce their SS-20’s to a number
(162) that would match the correspond-
ing forces belonging to Britain and
France.

Considered abstractly, the zero-zero
option is clearly a desirable and reason-
able proposal. It eliminates an entire
class of weapons, one that may have
filled a real gap in the 1950’s but whose
mission can be readily accomplished
by other weapons each side now has
in abundance. Considered concretely,
however, the U.S. proposal calls for the
U.S.S.R. to give up weapons it has al-
ready bought and paid for, whereas the
proposal calls for the U.S. merely to for-
go certain of its future plans. Therefore,
desirable and reasonable as the zero-
zero option may seem, in the current
very bad political climate it will proba-
bly prove impossible to overcome the
difficulty stemming from the asymmetry
in the concrete situation. As of this writ-
ing each party has stuck with its original
position, although President Reagan has
indicated there might be some room for
compromise on the American side.

From 1958 until about 1977 the prin-
cipal method used by the U.S. to inhibit
the development and deployment of de-
vices suitable for conducting warfare in
or from outer space was to practice
moderation in its own programs and
to urge the U.S.S.R. to do the same.
Throughout that period the U.S. de-
ployed space systems that performed
important support functions (such as
reconnaissance, surveillance and com-
munications), and the military gradual-
ly developed an increasing reliance on
such systems. Proposals for developing
a general-purpose antisatellite (ASAT)
system were frequently made inthe U.S.
by military and industrial organizations,
but they were turned down by higher
authorities. The basic argument was
that the nation’s space assets, as they are
called, had become so valuable that a
world in which neither superpower had
antisatellite weapons was better than
one in which both did, and that the U.S.
therefore should not set a precedent by
pushing ahead with the development of
an ASAT system of its own. There was
only one minor exception to this policy,
and that was the development and de-
ployment of an ASAT system of very
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limited capability on Johnston Island
in the early 1960’s because the U.S.
suspected the U.S.S.R. was developing
a system that involved stationing ex-
tremely powerful nuclear weapons in
orbit around the earth. The Russian
ASAT development never did come,
however, and after only a few years the
U.S. decommissioned its specialized
ASAT system.

In spite of U.S. restraint the U.S.S.R.
started in 1967 to test a general-purpose
ASAT system of limited capability. Evi-
dently the Russians gave this develop-
ment a lower priority than most parts
of their space program, and it proceed-
ed rather slowly. On occasion the U.S.
pointed out that it was deliberately prac-
ticing moderation in this area and urged
the U.S.S.R. to do the same. That may
have had some effect, but the Russian
program continued nonetheless.

Finally in 1977 the Carter Administra-
tion decided that something more
specific had to be done by way of re-
sponse to the Russian ASAT develop-
ment, and a three-pronged program was
initiated. One element of the program
was the decision to begin a full-scale ef-

fort to develop an American ASAT sys-
tem. (A contingent development had al-
ready been started during the Ford Ad-
ministration.) A second was a plan to
explore and develop means for defend-
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ing American satellites against a possi-
ble attack by Russian ASAT weapons.
The third was the initiation of negotia-
tions designed to forestall further de-
velopment and deployment of ASAT
weapons by either side, if possible.
The first formal negotiations on
ASAT systems took place in Helsinki in
1978. Two further negotiating sessions
were held in 1979, after which the nego-
tiations were adjourned indefinitely; to
this date they have not been resumed.
There were both internal and external
reasons for the failure to accomplish
anything. Internally the problem was
twofold. First, the U.S. Government
was unable to reach a unified position
with respect to what ought to be done.
On the one hand, top officials of the Air
Force and the Department of Defense
placed such a high value on the nation’s
existing space assets that they were will-
ing to forgo development of an ASAT
system if this would ensure that the Rus-
sians also did so. The position of the
Navy, on the other hand, was that Rus-
sian ocean-surveillance satellites pre-
sented such a serious threat to the U.S.
fleet that the nation needed an ASAT
system of its own no matter what the
Russians did. Furthermore, officers in
the middle levels of the Air Force did
not like having any artificial “political”
barriers placed in the path of space de-
velopments of any kind. On top of these
differences the fact that the U.S.S.R. had



already conducted more than a dozen
ASAT tests in the preceding decade
raised strong pressures for at least an
equivalent number of similar tests by
the U.S.

The second problem internal to the
negotiations was that the Russians also
seemed to be ambivalent about the is-
sue. In the negotiations they indicated
that in their view there could be serious
and valid reasons for possessing an
ASAT capability, and they also raised a
series of questions about the U.S. space
shuttle and what role it might have in
this connection. In addition to all these
problems relating directly to the sub-
stance of the ASAT negotiations, the
same general deterioration of the in-
ternational climate that interfered with
SALT II and the comprehensive-test-
ban negotiations also operated as a fac-
tor strongly inhibiting further progress
in this area.

In addition to these so far futile at-
tempts to forestall the development of
antisatellite systems, the U.S. and the
U.S.S.R. have successfully negotiated
more limited agreements in the area.
The most important are the clauses in
the Limited Test Ban Treaty prohibit-
ing nuclear explosions in outer space,
the Outer Space Treaty of 1967 and the
clauses of the SALT I Treaty that legit-
imize and protect reconnaissance satel-
lites used for monitoring arms-control
agreements and that prohibit the devel-
opment and deployment of space-based
ABM systems. The Outer Space Treaty
prohibits stationing “weapons of mass
destruction” in outer space or on ce-
lestial bodies. The phrase in quotation
marks is always interpreted as including
nuclear weapons and excluding non-nu-
clear ones.

ore recently, in 1981, a proposal
for an agreement designed to fore-
stall preparations for warfare in space
was placed before the United Nations
by President Brezhnev. In brief, the pro-
posal called for a prohibition on the de-
ployment of weapons of any kind—not
just weapons of mass destruction—in or-
bit around the earth, on celestial bodies
“or in outer space in any other way.”
The proposal seems carefully to avoid
mentioning ground-based ASAT sys-
tems of the type both nations are devel-
oping. Except for the Brezhnev proposal
in 1981 nothing further of a formal na-
ture has happened in this area since the
adjournment of the ASAT negotiations
in 1979.

There has been much talk lately about
the possibility of orbiting “directed-en-
ergy weapons” in space. This talk has
usually involved three classes of weap-
ons: conventional optical lasers, parti-
cle-beam devices and a new category of
systems, cryptically referred to by their
advocates as “third-generation nuclear

weapons,” that is known to include X-
ray lasers powered by nuclear explo-
sions. These three very different classes
of weapons are in very different stages
of research and development. The first
class, optical lasers, is by far the most
advanced. No such system has yet been
designed in detail, but presumably one
would consist of an assemblage of sub-
systems some of which would be similar
to, although bigger or more capable
than, devices that have already been op-
erated in laboratories on earth.

A laser-weapon system that could de-
stroy “cooperative” targets could prob-
ably be deployed in space before the end
of the century, although at great cost. (I
am referring here to high-energy sys-
tems that physically destroy their target,
not to low-power systems that blind op-
tical sensors or otherwise cause limited
special damage.) The two other classes
of directed-energy weapons are still
only in the research stage. No systems
development for either one has yet been
carried out or is currently planned, and
in my judgment there is no chance what-
ever that a practical operational device
of even limited capability will be de-
ployed in space during this century.

Although the development of such
systems is not now prohibited by any
international agreement, their develop-
ment is strongly inhibited by an even
more powerful factor: their extremely
high cost. The best estimates available
indicate that the development cost alone
of a “laser battle station” would be
about 10 times as much as that of other
roughly similar modern high-technolo-
gy systems (that is, tens of billions of
dollars as opposed to billions of dollars),
and that the deployment of a system ca-
pable of intercepting more than a small
fraction of the Russian strategic force
would cost a large fraction of a trillion
dollars. These huge costs have, so far at
least, boggled the minds of responsible
officials, and in spite of President Rea-
gan’s “Star Wars” initiative there are
still no serious plans for the full-scale
development of any such battle stations
based on any of the various hypothetical
types of “killer beams.”

The U.S. and the U.S.S.R. each have
unique characteristics that make them
particularly difficult as negotiating part-
ners when they are dealing either with
each other or with third parties. In the
case of the U.S. the most serious of these
special difficulties arise from certain
fundamental mechanisms of the Ameri-
can system of government. These are
the requirement for a two-thirds vote in
the U.S. Senate for ratification of a trea-
ty and the exceptionally long presiden-
tial campaign that the nation goes
through every four years.

It was therequirement for a two-thirds
vote in the Senate that kept the U.S. out
of the League of Nations after World
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War I, prevented the U.S. from acced-
ing to the Geneva Protocol on chem-
ical warfare of 1925 until fully 50
years had passed and more recently has
prevented the U.S. from ratifying the
Threshhold Test Ban Treaty, the Peace-
ful Nuclear Explosions Treaty and the
SALT II Treaty. It seems likely that
each of these treaties would have been
ratified in a timely fashion if only a sim-
ple majority were required. Indeed, this
particularly difficult and awkward situa-
tion is the purpose of the rule. The idea
of the country’s founding fathers was
that the U.S. should avoid “foreign en-
tanglements.” When the country was ac-
tually isolated by two great oceans, that
probably made good sense. In a world
that is tightly integrated by high technol-
ogy and in which Russian missiles in
Siberia are less than a half hour away
from their targets in the U.S., however,
it is a drastically different matter.

he problem is not just one of fail-

ing to ratify certain treaties. More
important, I think, is the effect this fac-
tor has on the negotiating process. Ev-
ery president early in his term discovers
that arms control is even more contro-
versial than he thought it was, and that
the ultimate measure of the acceptabil-
ity of what he negotiates is getting the
two-thirds vote inthe Senate. According-
ly arms-control policy is developed not
with an eye to a national consensus or
even to a majority of the Congress, but
rather with the objective of somehow
capturing the support of those five or six
senators who are two-thirds of the way
over toward the “no” end of the political
spectrum. For good or ill this factor has
greatly colored the policies of every
president from Kennedy to Carter, and
the negotiating instructions to our dele-
gations overseas have always been char-
acterized by extreme caution and con-
servatism. Contrary to the common be-
lief, this often means that as time goes
on in a negotiation the U.S. position un-
dergoes sudden changes, not in response
to what the other side may have pro-
posed but in a difficult and sometimes
futile process of presidential maneuver-
ing to please a few key senators and
those members of the executive branch,
particularly in the uniformed military,
who have special influence with those
senators.

The problem presented by the qua-
drennial presidential campaign is also
serious. Because arms-control policy is
intrinsically controversial, all new presi-
dents soon discover that it is absolutely
essential to consult all interested ele-
ments of the executive branch before
they can finally establish arms-control
policy and work out detailed negotiating
instructions. This process typically takes
up most or all of the first year of a new
president’s term. Later, in the fourth
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year of his term, the president finds
himself faced with a primary campaign
within his own party, followed by the
general campaign in which he must face
the candidate of the opposing party.

The problems created by the excep-
tionally long American presidential
campaign become evident when one
considers the problems that first Presi-
dent Johnson and then Vice-President
Humphrey had with this kind of issue in
1968, the problems that President Ford
had over the SALT II negotiations and
the Panama Canal negotiations during
his primary campaign against Ronald
Reagan in 1976 and the problems that
President Carter had first with Senator
Kennedy and then with Ronald Reagan
in 1980 (these last being of course great-
ly exacerbated by the events in Iran and
Afghanistan). In sum the U.S,, at least in
this era of four-year presidencies, is only
in a position to negotiate seriously for
two years of every four and even then in
a way that forces the president to fo-
cus special attention on those few peo-
ple who are two-thirds of the way over
toward a “no” vote.

In addition to these peculiarly Ameri-
can problems the bureaucratic diffi-
culties that plague all complex societies
also have a strong negative influence on
the ability of the U.S. to negotiate. This
is primarily because the ‘“nay-sayers”
have only to stop or slow the process in
any way at all in order to achieve their
goals, whereas those who want to help
the president achieve his arms-control
goals must find a genuinely suitable
pathway through what is often unchart-
ed territory.

Perhaps the most serious problems
with the Russians as negotiating part-
ners are their penchant for secrecy and
their tightly controlled political system.
These two problems together are at the
root of the difficulties Americans always
have in dealing with the verification
problem. The U.S. has extraordinarily
powerful and sophisticated ‘“national
technical means” of verification, includ-
ing observation satellites, seismic sta-
tions all over the world and other ways
of eavesdropping. With these the U.S.
can and does learn a great deal about
what is going on in the U.S.S.R., and
most people who are closely acquainted
with these technical means and their
output hold them to be adequate for ver-
ifying all the treaties that have been
signed so far. Nevertheless, it is neces-
sary and prudent for the U.S. Govern-
ment, meaning particularly the intelli-
gence community, to classify the details
of these systems and to keep secret the
evaluations of their performance.

Given this genuine need for secrecy
on the part of the U.S. and given the fact
that there are always some people in-
side the system who are not fully satis-
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fied with the performance of the nation-
al technical means of verification, it
should come as no surprise that those
officials and other members of the
American body politic who hold ex-
tremely negative views of the U.S.S.R.
in general and take a cautious approach
to arms control in particular are doubt-
ful about the ability of the technical
means to uncover every deception that
might be invented. The U.S.S.R. is, after
all, a huge country with large areas en-
tirely off-limits to foreigners, and it is
not just paranoia to suppose that it
might be doing something in such places
that is significant but not known to the
U.S. intelligence community.

The political control that extends
throughout all levels of life in the
U.S.S.R. makes the problem much
worse. It is trite but true to say there are
no organized opposition parties, no pub-
lic-interest groups, no lobbies and no
“whistle blowers” of the kind that in
most other industrial societies are capa-
ble of uncovering and publicizing gov-
ernment misdeeds, including treaty vio-
lations. In my discussion of the test ban I
mentioned that one of the general prob-
lems that has persisted throughout the
entire postwar period of bilateral nego-
tiations is that the Americans always ask
for more intrusive means of verification
than the Russians are willing even to dis-
cuss, much less accept, and the Russians
are always complaining that the Ameri-
cans persist in trying to spy on them, to
undermine their sovereignty and to oth-
erwise interfere in their internal affairs.

his problem will, I believe, continue

into the indefinite future, and impor-
tant elements of the American body pol-
itic will continue to harbor grave doubts
about the adequacy of any conceivable
verification system. I see no easy way of
dealing with this difficulty until and un-
less there are substantial changes in the
political behavior of the U.S.S.R., and I
see no reason to expect that in the fore-
seeable future.

The situation is not totally bleak. The
views of the Russian leaders on matters
of secrecy and sovereignty have been
evolving, and they have relaxed some of
their earlier positions on related ques-
tions. For example, their acceptance of
reconnaissance by satellite, their agree-
ment in principle to exchange geophysi-
cal data in connection with the Thresh-
old Test Ban Treaty, their acceptance of
certain special on-site activities by for-
eign observers in the Peaceful Nuclear
Explosions Treaty and their acceptance
of special seismic stations and a careful-
ly hedged system of voluntary on-site
inspections in the comprehensive-test-
ban negotiations all attest to this evolu-
tion. Whether it is proceeding at a pace
that can keep up with American suspi-
cions remains to be seen.
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THE AMATEUR
SCIENTIST

Thinking about physics while scared

to death (on a falling roller coaster)

by Jearl Walker

he rides in an amusement park not

only are fun but also demonstrate

principles of physics. Among
them are rotational dynamics and en-
ergy conversion. I have been exploring
the rides at Geauga Lake Amusement
Park near Cleveland and have found
that nearly every ride offers a memora-
ble lesson.

To me the scariest rides at the park are
the roller coasters. The Big Dipper is
similar to many of the roller coasters
that have thrilled passengers for most
of this century. The cars are pulled by
chain to the top of the highest hill along
the track. Released from the chain as the
front car begins its descent, the unpow-
ered cars have almost no speed and only
a small acceleration. As more cars get
onto the downward slope the acceler-
ation increases. It peaks when all the
cars are headed downward. The peak
value is the product of the acceleration
generated by gravity and the sine of
the slope of the track. A steeper de-
scent generates a greater acceleration,
but packing the coaster with heavier
passengers does not.

When the coaster reaches the bottom
of the valley and starts up the next hill,
there is an instant when the cars are sym-
metrically distributed in the valley. The
acceleration is zero. As more cars as-
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cend, the coaster begins to slow, reach-
ing its lowest speed just as it is symmetri-
cally positioned at the top of the hill.

A roller coaster functions by means
of transfers of energy. When the chain
hauls the cars to the top of the first hill, it
does work on the cars, endowing them
with gravitational potential energy, the
energy of a body in a gravitational field
with respect to the distance of the body
from some reference level such as the
ground. As the cars descend into the first
valley much of the stored energy is
transferred into kinetic energy, the ener-
gy of motion.

If the loss of energy to friction and air
drag is small, the total of the potential
and kinetic energies must remain con-
stant throughout the descent and even
throughout the rest of the ride. The
coaster gains kinetic energy and speed at
the expense of potential energy. If the
first valley is at ground level, the trans-
fer is complete, and for a moment the
coaster has all its energy in the form of
kinetic energy.

Without energy losses the coaster
could climb any number of hills as high
as the one from which it is released (but
no higher). To be sure, friction and air
drag do remove energy from the coast-
er, and its total energy content dwindles.
It can no longer climb high hills, which

Low specd,

zero acceleration

Acceleration
greatest

The energetics of a roller coaster
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is why the last stages of the track consist
only of low hills.

The length of aride on a roller coaster
depends on the speed. If the ride is to be
fast, the launching hill should be high
so that the total energy is large. The rest
of the track should be low so that most
of the energy remains kinetic.

The choice of a seat on a roller coast-
er makes a difference in the ride. Some
people prefer the front seat because
the descent from the launching site pre-
sents the pleasingly frightening illusion
of falling over the edge of a cliff. Oth-
er people prefer the psychological secu-
rity of the rear seat.

The choice of a seat also determines
the forces felt by the passenger. Consid-
er the first descent. The front car starts
down slowly because little of the coast-
er’s energy is then kinetic. The speed
of the cars increases as an exponential
function of time, so that the rear car
starts down at a much higher speed than
the front car did. Although the passen-
gers in the front car get an unobstructed
view of the descent, the passengers in the
rear car have a stronger sense of being
hurled over the edge.

At the edge one force on the passenger
is from the change in the direction of his
momentum vector. Initially the vector is
horizontal, but soon it points toward the
valley. The force necessary to effect this
change in direction is delivered by the
safety bar or seat belt that keeps the
passenger in the car. That force, which
points downward and back toward the
hill, is part of the thrill of the ride. A
passenger in the rear feels the force
more than a passenger in the front be-
cause the size of the force is proportion-
al to the momentum, which is greater
for the passenger in the rear.

The story is different in the valley.
Again a force from the coaster is neces-
sary to redirect the passenger’s momen-
tum. This time the momentum is initial-
ly downward toward the bottom of the
valley and then is redirected toward the
top of the next hill. The front passenger
has a large momentum and is subjected

. b Greafest %
\ sl owir‘\q &
Y



to a large force. By the time the rear
car reaches the bottom of the valley the
movement of the front cars up the next
hill has slowed the coaster. A passenger
at the rear has less momentum and is
subjected to a smaller force.

At the crest of the hill the passenger
gets a force leveling his momentum vec-
tor. At the rear of the coaster the force
can be considerable if the front is al-
ready well down the next slope. To a
passenger at the rear who is loosely held
in place by a safety bar a fast trip over a
hill provides a brief sensation of being
lifted from the seat. He arrives at the
crest with a large momentum. Until he
encounters the safety bar and is redirect-
ed he continues to travel upward even
though the coaster has leveled out below
him. The faster the coaster goes over
a hill, the greater the sensation of being
thrown free.

The brave passenger is one who rides
the roller coaster without holding on. I
tried this once while arriving at the crest
of a hill at high speed. I avoided being
thrown free of the coaster by catching
my thighs on the safety bar at the last
instant. Thereafter I kept a tight grip on
the safety bar.

Roller coasters such as the Big Dip-
per have been around for more than 50
years. Recently a new type of coaster
has appeared. The principles are seen
in the Double Loop and the Corkscrew.
The Double Loop at Geauga Lake be-
gins like the Big Dipper in that a chain
pulls the cars to the top of the first and
highest hill. After the coaster travels
over a few smaller hills (and before it
loses too much of its energy to friction
and air drag) it runs through two vertical
loops. The ride is splendidly unnerving.
In the times I managed to open my eyes
while traveling through the loops I saw
the world turn upside down, the ground
race up toward me and the world turn
upside down again.

The coaster on the Double Loop is
held onto the track by a double set of
wheels, one set on the top of the rails and
the other set on the bottom. When the
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Forces in a coaster that loops

coaster is on the normal section of the
track, its weight rests on the top set of
wheels. When it is in the loop, the other
set of wheels can come into play. They
keep the cars from flying off the track.

When the coaster enters a loop, I sense
three forces. One is my weight, which of
course is directed downward. Another is
the force from the seat. The third is the
apparent centrifugal force downward,
which seems to add to my weight; it
makes me feel as though I am being
pushed into the seat. At the top of a
loop the apparent centrifugal force is
upward, and I feel light.

The centrifugal force is a fiction. No
outwardly directed force is at work. The
notion of a centrifugal force is useful,
however, since it easily explains what
a passenger feels. The perspective of
someone on the ground is more to the
point: a combination of real forces
causes the rider to move in a circle in-
stead of a straight line.

If the circular motion is to be main-
tained, the net force must be toward the
center of the circle. At the bottom of
a loop the passenger’s weight vector is
downward (and therefore away from
the center of the loop). An upward force
acts on the passenger from the seat.
Since the push from the seat is greater
than his weight, the net force points
toward the center of the loop and he
begins the circular motion. From the
passenger’s perspective the large push
from the seat is sensed as a centrifugal
force pressing him into the seat.

At the top of the loop the forces have
changed. The passenger’s weight is still
the same and is still pointed downward,
that is, toward the center of the loop.
The push from the seat is also down-
ward. The two forces combine in the net
force that makes the rider continue in
the circle.

© 1983 SCIENTIFIC AMERICAN, INC

Appareni_centrifugal
T' L force—__
=N
; L L] T,

/" Weight 4 \
;/x'f A
// \
f 4
[ 5 =3 ] '
| f’f.").'"-'___C trom seat 1 | l-{ -
|

)|
J Apparent
Weight T centrifugal force

What you feel in a Ferris wheel

This time the force from the seat is
smaller. One reason is that at the top of
the loop the coaster has less kinetic ener-
gy and so is traveling slower. Moreover,
the force from the seat is now augment-
ed by the rider’s weight vector instead of
having to oppose it. The rider senses
the force from the seat as a small cen-
trifugal force.

How high must the coaster be at the
start of its journey (with essentially no
initial speed) if it is to have at the top
of the loop the speed that will hold it
firmly on the track? To answer the ques-
tion I made two assumptions. The first
was that the coaster has only one car.
The second was that the energy losses
from friction and air drag are negligi-
ble. With these assumptions I found
that the first hill must be higher than
the top of the loop by at least half the
radius of the loop.

The first assumption is a convenient
simplification. If the coaster is long, one
must consider the rise and fall of its cen-
ter of mass rather than considering only
one car. Since only part of the coaster is
at the top of the loop at any given in-
stant, the center of mass never reaches
that height, and so less energy is actually
required to keep the coaster on the track
than would be needed if there were only
one car.

As for the second assumption, if the
losses of energy were entirely negligible,
the unpowered coaster would arrive at
the loop with all the energy it got at the
launch. The intervening hills and valleys
would not matter. They do matter, of
course, because they provide more op-
portunity for energy losses. Therefore
the initial hill must be higher than the
theory would indicate. On the Double
Loop at Geauga Lake the initial hill is
considerably higher than the theoretical
value, so that the coaster is still traveling
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at a good clip when it reaches the top of
the loop.

The Corkscrew is a similar roller
coaster except that the loops are heli-
cal. Once the coaster enters the loops
it moves in a corkscrew fashion until it
emerges again. At two points the passen-
gers are fully upside down.

The physics of this ride is similar to
that for the Double Loop. The major
difference lies in the direction of the ap-
parent centrifugal force. With the Dou-
ble Loop the center of the motion in a
loop is at a single point. The centrifugal
force appears to be directed radially
outward from that point. As the coaster
travels around the loop, this force ro-
tates in a vertical plane. With the Cork-
screw the center of motion continuously
moves vertically and horizontally as the
coaster travels through the loops. Hence
the direction of the apparent centrifugal
force is not confined to a vertical plane.
This added feature is one reason the
Corkscrew has become so popular with
coaster addicts.

Geauga Lake has two other rides that
are similar to the standard roller coast-
er. The water slide starts high above the
ground. Water pours down the interior
of the slide to provide lubrication and
even a small amount of propulsion. The
principle is simple: the initial gravita-
tional potential energy is steadily con-
verted into Kinetic energy, so that the

The role of friction in the Rotor
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slider’s speed increases during the de-
scent. The lubrication provided by the
water diminishes the loss of energy to
friction.

The other ride is the Gold Rush Log
Flumes. Passengers board a small boat
shaped like a hollow log. Itisreally a car
like the ones on the Big Dipper. Water
flowing through the flume pushes the
boat along until it is engaged by a chain
system that drags it up a tall hill. From
the crest the boat descends rapidly down
a slope of about 45 degrees. At the foot
of the hill it speeds into a trough of
water, which quickly slows the motion
and satisfyingly drenches the passengers.
They also seem to be thrown forward,
but the experience is illusory; what hap-
pens is that they continue to move for-
ward briefly at the former speed.

Most of the other rides at an amuse-
ment park are based on rotational me-
chanics. The mildest of them is the mer-
ry-go-round. Here the rate of rotation is
just enough to give the passenger a mod-
erate sensation of centrifugal force. He
seems to be thrust outward. Actually his
body leans outward because the horse
moves away from him as it travels in a
circle and ends up pulling him along.

The Ferris wheel is similar except that
its plane of rotation is vertical. The ap-
parent centrifugal force seems periodi-
cally to increase and decrease the pas-
senger’s weight. When he passes through
the bottom of the circle of travel, the
centrifugal force appears to push him
downward into the seat as if he then
weighed more. In reality the seat pushes
strongly against him as it keeps him
moving in a circle. This force must be
strong because it opposes the passen-
ger’s weight. At the top of the circle the
passenger has the sensation of being
somewhat lighter because the apparent
centrifugal force is then upward, seem-
ingly pulling him out of his seat. Actual-
ly the sensation comes from the fact that
the force from the seat is then smaller.

At midpoint of the descent an even
stranger sensation is felt. The force from
the seat matches the passenger’s weight,
and the centrifugal force is outward.
Hence the passenger feels as though he
is about to be thrown forward out of the
compartment.

My favorite among the rotating rides
is the Rotor, which is a vertical cylinder
with a diameter of about 12 feet. The
rider stands with his back against the
wall as the cylinder begins to spin. When
the maximum spin rate is reached, the
floor drops away, but the rider remains
stuck to the wall. A particularly agile
person might be able to squirm enough
to get himself into an angled position
or even upside down.

Why does the rider stick to the wall?
From his perspective a centrifugal force
pins him there. The resulting friction be-
tween him and the wall prevents him
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from falling when the floor is removed.
A high rate of spin is called for, so that
the apparent centrifugal force generates
enough friction.

From the perspective of an outside
observer the story is different. The rider
is constrained to move in a circle be-
cause of a force from the wall. This
centripetal force is responsible for the
friction. Still, the spin rate has to be
high if the force from the wall is to
generate enough friction to hold the rid-
er in place.

The Rotor at Geauga Lake has a
roughly textured wall to increase the
friction. With a smoother wall the cen-
tripetal force would have to be stronger
to keep the rider from slipping. (One
would either have to increase the spin
rate or build a cylinder with a larger
diameter.) Each time I rode the Rotor
I was impressed by the overwhelming
sensation that a centrifugal force was
pushing me against the wall. In reality
the wall was pushing on my back.

In order for the rider to stay in place
his weight (a force vector downward)
must not exceed the friction (a force
vector upward). The amount of friction
can at most be equal to the product of
the friction coefficient (which depends
on the roughness of the surfaces in con-
tact) and the centripetal force from the
wall. T estimated that the spin rate had
to be about 30 revolutions per minute
to hold me against the wall. Indeed, the
apparatus did turn at about that rate.

Several other rides at Geauga Lake
involve an apparent centrifugal force.
The Muzek Express consists of a series
of cars moving on a circular track that
traverses several small hills. The diame-
ter of the track is roughly 30 feet. The
ride is fast, and so the centrifugal force
on a passenger is quite strong. The hills
provide extra thrills. Usually two people
ride side by side in a car. Since they both
feel an outward force, the passenger on
the outside is squeezed against the wall
of the car by the passenger on the inside.
The forces are surprisingly large even if
a passenger is small. I cannot avoid be-
ing pushed into the wall even when the
inside passenger is my young daughter,
who weighs less than half what I do.

The Enterprise is a rotating ride with
cars individually suspended on radial
arms extending from a central hub. As
the cars begin to move in a horizon-
tal circle the apparent centrifugal force
makes the car rotate outward on the ra-
dial arm. Soon the car has rotated al-
most 90 degrees, and the passenger can
see the ground directly below the win-
dow that originally was on the inside.

This rotation results from the way the
mass of the car and the mass of the pas-
senger are distributed with respect to the
suspension axis of the car. A combined
centrifugal force operates on the com-
mon center of mass of the passenger and
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the car. Initially this point lies below the
suspension axis. Also acting through
the point is the combined weight of the
passenger and the car. These two forces
compete in orienting the car. Initially
gravity pulls the car into the normal ori-
entation, but as the ride moves faster
and the centrifugal force gets stronger
the car is rotated increasingly out of
the vertical.

This much of the ride was disturbing,
but the next part almost did me in. Once
the ride had reached its highest speed
the large arm that held the central hub
was turned to make the plane of the
moving cars vertical. I was then moving
in a vertical circle, being completely up-
side down at the top and greatly com-
pressed by the forces acting on me at the
bottom. I closed my eyes and began to
count the prime numbers.

My next ride also held a surprise. It
was a set of swings about 20 feet in di-
ameter suspended from a central hub.
When the hub began to turn, l moved in
a circle below the rim of the hub. As the
speed increased, the apparent centrifu-
gal force moved me outward so that I
traveled in a larger circle than before.
The faster the hub turned, the larger the
circle was.

From my perspective three forces af-
fected me. I still had weight, which was
directed downward. The chair and its
suspension chains provided a second
force directed toward the attachment
of the chains to the overhead hub. The
third force was the fictitious centrifu-
gal force I felt throwing me outward.
The angle between the chains and the
vertical was set by the balancing of the
three forces. When the speed of the ride
increased, the angle also increased, so
that the forces again balanced.

The surprise of the ride was that the
hub soon tilted about 10 degrees or so
out of the horizontal. Part of my travel
around the apparatus was then down-
hill. My speed increased during the de-
scent as potential energy was converted
into kinetic energy. As a result I circled
the apparatus in a large radius. In the
uphill part of the circle I slowed as the
hub was forced to hoist me, and so here I
circled with a smaller radius.

I ended my busy day at Geauga Lake
with three rides that delivered simi-
lar types of motion. The first was the
Scrambler, which has long been popular
at amusement parks. It consists of a cen-
tral hub from which several radial arms
extend. I call them the primary arms. At
the end of each primary arm four sec-
ondary arms extend outward. Each one
carries at its outer end a car for two or
three passengers.

The ride consists of two circular mo-
tions. The primary arms rotate steadily
about the center of the ride while each
set of four secondary arms twirls below
the pivot at the end of the primary arm.
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From an overhead perspective the pri-
mary arms move clockwise, the second-
ary arms counterclockwise. (In a related
ride called Calypso both motions are
clockwise.)

I set about studying the types of mo-
tion in rides such as the Scrambler and
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the Calypso. To model what happens to
arider I focused on a single primary arm
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the primary arm makes a full revolu-
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ation greatest? How should the arms
rotate to give an unforgettable ride?
Should the arms be approximately the
same length (as they are in the Scram-
bler and the Calypso)?

I found that if the arms are the same
size and rotate at the same rate and in
the same direction, the ride is bound to
be rather boring, because the passenger
merely goes in a large circle. The ride is
not much better if the arms turn in op-
posite directions. In this arrangement
the passenger would travel on a straight
line over the center to the opposite side
of the ride and then would return on
the same line.

A better ride results when the primary
and secondary arms rotate at different
rates. Suppose the secondary arm turns
twice as fast as the primary one. When
the primary and secondary arms move
in a clockwise direction, as they do in the
Calypso, the passenger first spirals in
toward the center of the ride and then
out again, so that he travels through a
loop on the side opposite to the starting
point. After spiraling outward he passes
through his initial location and begins
the trip again.

His speed and acceleration are highest
when he is farthest from the center, that
is, when he passes through the initial
point. They are lowest when he passes
over the center of the ride. My calcula-
tions approximate the conditions of the
Calypso but are off somewhat because
to simplify matters I visualized arms of
equal length. In order to accommodate
all the primary and secondary arms on
the Calypso the secondary arms are
shorter than the ones in my calcula-
tions, so that the cars do not crash near
the center of the ride.

If the primary and secondary arms
turn in opposite directions, as they do in
the Scrambler, a more interesting mo-
tion results. At first the passenger moves
counterclockwise, but he quickly heads
for the center of the ride and then out-
ward again. When the arms are fully ex-
tended, he is directed back toward the
center. When the primary arm has com-
pleted one revolution, the passenger has
traveled through a pattern resembling
three narrow petals. He is moving at the
highest speed when he passes over the
center of the ride. Surprisingly, the ac-
celeration there is the lowest. The speed
is the lowest and the acceleration the
highest when the passenger is farthest
from the center.

The low speed at that point results
because the circular motion of the sec-
ondary arm is carrying the passenger
counterclockwise while the motion of
the primary arm is clockwise. The two
motions oppose each other when the
passenger is farthest from the center and
augment each other as he is carried
close to the center. The high accelera-
tion at the far point develops because



the direction of the velocity out there is
changing rapidly.

On my home computer I worked out
the paths for other conditions. If the pri-
mary arm is much longer than the sec-
ondary arm, the passenger might spiral
toward and then away from the center.
In other cases he would move through a
path consisting of a series of cusps or
loops superposed on a large circle. An-
other interesting situation arises when
the secondary arm is longer than the pri-
mary one. If the secondary arm turns
slower than the primary one and in the
same direction, the passenger will spiral
gradually toward the center and then
away from it. If the motions are in oppo-
site directions, the ride will include an
abrupt change in direction.

My last ride of the day was on the
Tilt-A-Whirl. I sat in a compartment
that was free to move around a small
circular track, pivoting on a center
point at my feet. Six of these compart-
ments, running on a hilly track, moved
around the center of the apparatus
while they were also pivoting on their
individual center points. The result was
three types of motion. One was a ba-
sic counterclockwise circling about the
center of the entire ride. The second
was a smaller circling of the compart-
ment in either direction. The third was
the vertical motion over the hills.

The interesting part was that I could
often control the small circling of my
compartment by anticipating the hills
and shifting my weight. When the com-
partment was turning in its small circle
and beginning to descend from a hill in
the larger motion, I threw my weight in
the direction of the compartment’s turn.
I was transforming some of the potential
energy of my body (from being up on
the hill) into kinetic energy applied to
the rotation of the compartment.

When I timed this exercise correctly,
I set the compartment spinning rapidly.
My experience was similar to that in the
preceding two rides. If the spin direction
was in the same direction as the large-
scale circling of the ride, the speed and
centrifugal force were quite large when I
was farthest from the center of the ride.
If the spin was in the opposite direction,
the acceleration was high when I was far
from the center but the speed was high
closer to the center.

You might explore the amusement
parks near you for other rides. One that I
have heard described, but lack the cour-
age to even look at, is Demon Drop. The
victim—sorry, the passenger—is secured
in a chair that is lifted 131 feet and
then dropped in a virtually free fall
to the ground. The huge kinetic ener-
gy of the ride is apparently dissipated
when the apparatus curves into a hori-
zontal section of track at the bottom
of the fall. I have no intention whatever
of verifying this assumption.

WHAT’S BETTER
THAN SPEED READING?
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get on top of the avalanche of news- end of that time you are not convinced
papers, magazines and correspondence that you would like to master Speed
ou have toread. . .finishinga stimulat- Learning, simply return the program
ing book and retaining facts and details and owe nothing.

more clearly and with greater accuracy
than ever before.

What makes Speed Learning so successful?
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Red Adairand his Rolex stopped at nothing
to blow out The Devils Cigarette Lighter.

Red Adair puts out
oil-well fires.

The most famous of
them was nicknamed
The Devil’s Cigarette
Lighter.

It was in the Sahara,
at a place called Gassi
Touil.

Every day, over 15
million cubic meters of
gas roared 200 meters
into the desert sky from
this terrifying blowout.

Working under
tons of falling water
tocombat the heat, Red =
and his team were able to maneuver
250 kilos of special explosive to within
half a meter of the base of the flames.
They set off the blast, and the fire was
out in a split second.

In the slightly less heated atmosphere
of the Rolex factory in Geneva, craftsmen
create a watch designed to withstand
the most appalling conditions.

Every Rolex chronometer we make is

officially tested night
and day for two weeks.
The Rolex movement
must survive 15 days
of extreme tempera-
ture changes, hanging

- unguarded by its

¥ rugged Oyster case.

But who could even
guess at the sort of
treatment a Rolex can
expect to receive on
the wrist of a man like
Red Adair?

In 1977, Red and
his team returned in
triumph from the
North Sea, after taming the Bravo
blowout, a mixture of boiling oil and gas
screaming out of the well-head at
several hundred k.p.h.

The Daily Mail’s reporter observed,
“Solid gold Rolex watches were clamped
to their wrists like a company badge”
Some company.

Some badge.

ROLEX

Pictured: The Rolex Day-Date Chronometer. Available in 18kt. gold, with matching bracelet

White for brochure. Rolex Watch, U.S.A., Inc., Dept. 416 , Rolex Building, 665 Fifth Avenue, New York, NY 10022.

World headquarters in Geneva. Other offices in Canada and major countries around the world.
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Today's Chevrolet

Move into more. ¥
New Chevrolet Celebrity.

Four or five years ago, your smaller car seemed senger room than 98 out of 101 imports. More
enough car. But now you're ready to move into more. passenger room, in fact, than Chrysler LeBaron. Plus the
More room. More comfort. More power. And convenience of more trunk space than Mercury Marquis.
more than just a little more prestige. More? Celebrity’s standard electronically fuel-
For which we introduce our smooth, quiet, front- injected engine is so advanced its automatically fine-
wheel-drive Chevrolet Celebrity. tuned by computer. And gives you more standard cubic
Move into Celebrity comfort, Celebrity inches than any front-wheel-drive Datsun, Toyota, Honda,
convenience. Comfort that begins with more pas- Mazda, Ford, Mercury or Dodge*

*All comparisons based on latest available specifications at time of printing. Some Chevrolets are equipped
i — i

1984 Celebrity Sedan shown
with available Eurosport Equipment
Package, Aluminum wheels and
Eagle GT tires.
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Allinside a shape so aerodynamic it cruises at And you with pride.
50 MPH on less than 12 horsepower. Isn‘t it time you moved into more car?

More excitement. And front-wheel drive. Especially when all that much more doesn't cost all that
Exemplified by our new Celebrity Eurosport shown here.  much more. In fact, try to find any other front-wheel-drive
All the virtues of Celebrity, all wrapped up in head- car with Celebrity's passenger room at a lower sticker price.
turning new European styling. You'll see what we mean by Chevrolet taking

All mounted atop aSpecial F41 Sport Suspension. charge. By bringing you more of what you want today.

All at a price that will make Europe’s best blush with envy. For less.
with engines produced by other GM divisions, subsidiaries, or affiliated companies worldwide. See your dealer for details.

CHEVROLET.

taking charge
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DEWAR'S PROFILE: }

MARK STORY -

HOME: New York City.

AGE:35 L

PROFESSION: Commercial film director, : T .
Pfeifer-Story Productions. i
HOBBIES: Writing the ultimate self-help
book for the non-gregarious, How to Spend
the Least Amount of Time with People
You Don't Like.

LAST BOOK READ: Post Office,
Charles Bukowski.

LATEST ACCOMPLISHMENT:

Directed Fur, a satirical short film,

for Saturday Night Live.

WHY 1 DO WHAT 1 DO: “After eight

vears of taking orders in an advertising
agency, the time had come. The directee
would become the director. And I did.”
PROFILE: Works well with people.

Would prefer not to. “Closet recluse.”

HIS SCOTCH: Dewar's® “White prm——
Label.”* “After a long casting 4

session and too many stage

mothersghaving a Dewar's

and soda is the only honor-

able thing to do.”
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